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The purposes of the research study were to develop and investigate the epistemic
platform for science learning with a computer game in learning fundamental nanoscience
and nanotechnology for level 4 students (Matayomsuksa 4-6). The epistemic platform was
developed and set as the curriculum unit that was divided into three learning units covered
the contents of fundamental nanoscience and nanotechnology, basic concepts of
nanomaterials, and nanosafety, set for 12 periods. The curriculum unit was intended to
enhance students’ science learning achievement, strategic problem solving ability, and
attitude towards science.

The integrated science learning units were developed using a framework of
computer games and their related technologies to engage students in the simulated world
where they could learn and play to acquire knowledge and skills. In addition, the technique
of strategic problem solving in science learning was incorporated into the curriculum unit to
develop students’ thinking ability. To facilitate the learning activities, the Learn to Play-Play
to Learn learning approach was also developed and used for the activities. The three
learning units were conducted in three rounds: first trial study with nine students, second
trial study with 33 students and implementation study with 32 students respectively,
conducted with 12" graders(M6 students) during the first and second semesters of the 2010
academic year at the Demonstration School of Naresuan University . Before the first trial
study, the initial study with six non-subject students was conducted to examine the design
and usability of the epistemic platform. The second trial study was mainly conducted to
check the research instruments and tools before being used in the implementation study.

Lastly, the implementation study was conducted to test the research hypotheses.



As the study involved an innovative development for science teaching and learning,

design-based research was employed as a large framework of the research method.

As thus, both quantitative and qualitative data collecting tools were employed.

The research tools consisted of science learning achievement test with reliability of 0.76,
strategic problem solving ability test with reliability of 0.60, attitude towards science
measure with reliability of 0.89, the questionnaire of students’ opinion towards the curriculum
unit, a question set for focus group discussion and individual interview, a teacher opinion
towards the curriculum unit interview form, and a classroom observation form.

As a result, it was found that the students had improvement in science learning
achievement, strategic problem solving ability in science learning and attitude towards
science confirmed by statistically significant change at 0.05 level. In addition, the students
had highly positive towards the curriculum unit of the epistemic platform confirmed by being
statistically higher than the criteria of 3.51. Moreover, the participating teacher had positive
opinion towards the curriculum unit of the epistemic platform confirmed by logically
inductive qualitative data. In summary, as an innovative model for science learning, the
epistemic platform for science learning with a computer game in learning fundamental
nanoscience and nanotechnology have positive effects on the students and the teacher as

users.
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CHAPTER 1
INTRODUCTION

Background

Among the sequences of global, large-scale changes that have taken place during
the globalization process in the past decade is the fierce competition in various aspects
including the free market trade with the super-power countries at the forefront. Within this
context, Thailand is forced to adjust itself to increase development of quality products with
least adverse affects on the environment to achieve sustainable development. However,
this sort of development is viable only when the country stands on a strong and solid base
of science and technology. In the development of science and technology, both the
creation of the body of knowledge with benefits and that contributes to the increase of
competitiveness and the development of the quality of life must be taken into account. Here
it means that knowledge of science and technology must be utilized in a way that it poses
limited impacts on natural resources or the environment. Nanotechnology, for instance, is a
powerful and potentially very dangerous and also beneficial technology that is now
advancing rapidly and will revolutionize our way of life. As with any new technology, we are
faced with unknowns, all of which raise questions concerning occupational safety, health
and our environment. As such, it is important for everyone to get educated sufficiently to
understand what nanotechnology is and how it works and impacts on our daily lives and
society and for someone who want to study for his or her future career.

Against the background of the significance of science and technology as
mentioned above, it is alarming to realize that Thailand has not attached importance to the
status and the development of its science and technology. To be able to achieve this goal,
people must be sufficiently scientifically literate to be able to select and use appropriate
science knowledge and technologies in a way that they are agreeable and in harmony with
the nature. In so doing, one of the key approaches that many countries including Thailand
have been trying to do is educational reform, especially the reform of science education.

Science education reform is the key movement in strengthening fundamentals of

development of science and technology. In science education reform, science teaching



and learning in classrooms is regarded being at the heart of the science educational reform.
Students with knowledge of science concepts and higher-ordered thinking skills are needed
for the reform goals. As such, teaching and learning activities, assessment, teachers and
students roles must be changed. One of the key successful ways is an integration of
educational technology into teaching, such as the Internet, simulation and the emerging
technology of computer games. Computer game is one of the most cutting edge
technologies that have received attention from educators (Gilbert. 2004: 9). To prepare
population for the new era of rapid growth of science and technology, a powerful
educational technology, such as simulation and computer games, is one of the latest ideas
that can lead us to the intended goals of educational reforms which will result in

advancement and strength of science and technology.

The Thai Educational Reform according to The Thai National Education Act of B.E.
2542 (A.D. 1999) and Basic Education Curriculum of B.E. 2544 (A.D. 2001)

Prior to the introduction of the Thai National Education Act of 1999, a number of
governmental offices were involved in designing and developing the entire curriculum in
Thailand along with the Department of Curriculum and Instruction Development (DCID).
The Department of Curriculum and Instruction Development, which is under the Ministry of
Education, is responsible for developing the curriculum at all levels lower than the tertiary
education level as well as improving the curriculum implementation process for
effectiveness. The 1999 National Education Act specifies that the Commission for Basic
Education shall determine the core curriculum for basic education that aims to preserve Thai
identity. Its goals are good citizenship, desirable ways of life, and livelihood as well as for
further education, while basic education institutes shall prepare details of the curriculum in
parts dealing with community problems, local wisdom, and desirable characteristics for
being good members of one’s family, one’s community, society, and the nation. In the
establishment of the above-mentioned commission, the Department of Curriculum and
Instruction Development drafted the Basic Education Core Curriculum in line with the 1997
Constitution of the Kingdom of Thailand, the 1999 National Education Act, national policies,

and socioeconomic and political conditions.



From the commission mentioned above, the Thai education system was
reformed according to the Thai National Education Act (TNEA) of 1999 (ONEC. 1999),
now the Thai National Education Act of 2002. As a result of the TNEA, the Basic
Education Commission of Thailand prescribed a core curriculum known as the Basic
Education Curriculum (BEC) of 2001 to be guidelines for schools. Thus, schools or
educational institutes shall apply the core curriculum in preparing institute curricula relevant
to particular local conditions. The development and reform of school curriculum is an on-
going process in Thailand. In the early of the reform, a large number of schools (2,007
schools) began using the 2001 BEC in the 2002 academic year, starting at the 1St, 4",
7" and 10" grade levels. The substance for the basic curriculum as prescribed in the
BEC consists of: 1) a body of knowledge, skills or learning processes, 2) values or virtues,
3) morality and right behavior. This curriculum includes eight strands which are as
follows: 1) Thai language, 2) mathematics, 3) science, 4) social studies, religion and
culture, 5) health and physical education, 6) art, 7) career and technology, and, 8) foreign
languages (MOE. 2002: 5).

In developing institute curricula, teachers need to consider the aims of the
educational reform. The aims of Thai educational reform are to improve Thai education
through 1) making curriculum more flexible to address specific circumstances at local
levels, 2) implementing a curriculum more diversified in terms of contents and programs to
meet the needs of individual, and 3) a more decentralized educational system in terms of
administration and management to allow schools, parents, local community members, and
various sectors and stakeholders to participate in curriculum development (Miralao; &
Gregorio. 2000: 41).

In the case of science, the Institute for the Promotion of Teaching Science and
Technology (IPST), a national institute, is assigned with the duties and responsibilities of
designing and developing curriculum, instructional materials and teaching-learning activities
(Pisarn Soydhurum. 2001: 7). Before the 2001 BEC, in 1990 the IPST prescribed revisions to
curriculum for the 1978 lower secondary school science curriculum (Downer; & Rana. 1999:
168) and the 1990 lower secondary school science curriculum was used until the launch of

the 2001 BEC.



The Current Status of Science Teaching and Learning

According to the 1990 curriculum, there are some problems regarding the
curriculum and its implementation. The main problem in science education is quality of
science learning and teaching. Students' achievements in science do not yet reach the
standards, such as science at the upper secondary education level. This is because of that
the principle, theories and contents of science curricula lack coherence and are irrelevant to
real life experiences (Chinnapat Bhumirat. 2001: 2). Moreover, science instruction in
Thailand emphasized on lecture methods to ensure that all contents needed in preparing
for university entrance examination were covered (Chinapat Bhumirat. 2001: 5; Kiat
Ampra; & Chajane Thaithae. 1999: 130). Consequently, students lacked opportunities to
practice skills, both in scientific and thinking processes, which are essential for science
learning. Another problem is that students are usually evaluated based upon what they
have memorized, rather than their scientific process skills (Sor Wasna Pravalpruk. 1999:
73). In addition, assessment tools related to development of attitudes towards science
are virtually nonexistent. Chinnapat Bhumirat pointed out that the main objectives of
science education are limited to memorizing subject matter rather than developing student
creativity and other desirable attributes and values (Chinnapat Bhumirat. 2001: 5).
As such, this seems to be that science teaching and learning activities are not sufficiently
motive and engaging to students to learn science in the way as prescribed by the Basic
Education Curriculum of A.D. 2001, the 2001 BEC.

As science is the principal subject group in the 2001 BEC, curriculum, instruction
and assessment all have to be considered in laying the foundation for science education of
the learners at all levels so that continuity and connectivity are maintained from grade 1 to
grade 12. Therefore, it is essential to set up a core curriculum running from simple to more
complex contents for different grades, wherein students will experience the two inseparable
components, knowledge and process. They will undertake activities that help develop
reasoning, critical and creative thinking, analytical ability and skills in research and creating
knowledge through investigation, systematic problem solving and decision making based

on diverse data and verifiable evidences and skills in utilizing technology in data acquisition



and management. The Institute for the Promotion of Teaching Science and Technology
(IPST) has the mandate from the Ministry of Education to implement the subject matters of
science mathematics and technology. It sets the standards for learning at the basic level,
the standards for learning at different levels and provides core subject matters for basic
education. For the science strand, they consist of concept maps, contents for levels and
grades, expected learning outcomes and contents of each grade, and for successive
periods from grade 1 to grade 12. The IPST also provides learning units, descriptions of the
basic science courses and lesson plans. All these comprise the core of the 2001 BEC as
stipulated in the National Education Act of B.E. 2542 section 27 paragraph 1. (NEA.1999).
From the notions mentioned above, teachers are free in selecting teaching-learning
methods that are in line with the guidelines of the 2001 BEC. One of the latest ideas is an

integration of information and communication technology (ICT) into teaching.

Curriculum Development in the ICT Age and New Learning Technology

Since the traditional approach is not fitting properly for science education, it is worth
seeking the newer and more innovative ways of teaching and learning in science in order to
accomplish the goals. As information and communication technology (ICT) is dominating
our society, it is also playing a key role that has a profound impact on science education.
Educational technology has been widely used in science classroom to help teachers and
students accomplish their goals in particular purposes.

As we are now in the age of fast moving technology, our everyday lives have been
impacted by various kinds of technology. Educational technology is one of the big
movements within a decade. In the trends of science curriculum development, educational
technology is now playing a key role in helping and facilitating science teaching and
learning. In 1997, a nationwide survey of teachers and superintendents in USA
commissioned by Jostens Learning Corporation indicated that the computer revolution has
had a tremendous impact in the classroom (Jostens Learning Corporation. 1997).
Surprisingly, however, the emphasis was on student access to information outside the
classroom and improved student motivation, not on specific academic achievement.

(Jostens Learning Corporation. 1997). A variety of other surveys (Bosch. 1993; Niess. 1991;



Trotter. 1997), while reporting strong computer usage by teachers, actually indicated a lack
of integrated use with the curriculum. In addition, in many instances, it has been a case of
fitting the curriculum to the computer rather than the computer to the curriculum.

For the optimum results of educational reform and in consistency with the 2001
BEC, developing science curriculum in Thailand should be based on the Thai National
Science Curriculum Standards and the guidelines developed by the IPST that encourage
teachers to embrace educational technology for improving science teaching and learning.
In so doing, teachers and curriculum developers may need to look at the potential role of
educational technology. As we are now in the ICT age, there are many learning resources
and materials surrounding us. Educational technology are now playing a very important role
in facilitating classrooms in several ways such as computer with internet access for learners
in searching information or for teachers in finding teaching and learning materials. Besides
the Internet, one of the latest technologies for education is video and computer game.
The idea of using this cutting edge technology in education shows some promises in
accomplishing educational reform.

A computer game and its association is the latest technology that has received
attention from educators. (Gilbert. 2004: 9). Many learning scientists are also now
increasingly turning to computer and video games as tools for learning (Squire K. 2003:
Abstract). Shaffer and his colleagues argue that for a particular view of games—and of
learning—as activities that are most powerful when they are personally meaningful,
experiential, social, and epistemological all at the same time (Shaffer; et al. 2004: Abstract ;
Gee 2003; 2005). In using computer and video games for learning, Shaffer and his
colleagues also suggest that video games are good for learning because they present
players with simulated worlds: worlds which, if well constructed, are not just about facts or
isolated skills, but embody particular social practices (Shaffer; et al. 2004). Video games
thus make it possible for players to participate in valued communities of practice,
developing the ways of thinking that organize those practices. Gee (2005: Abstract) points
out that games are good for learning because, among other reasons, they have the
following features: 1) they can create an embodied empathy for a complex system 2) they

are action-and-goal-directed preparations for, and simulations of, embodied experience,



3) they involve distributed intelligence via the creation of smart tools, 4) they create
opportunities for cross-functional affiliation, 5) they allow meaning to be situated, 6) they can
be open-ended, allowing for goals and projects that meld the personal and the social.

As such, it is worth noting that the idea of using educationally potential forms of
computer games to design science learning activities used in classroom is a powerful
strategy to motivate and engage students into encouraging learning environments,
especially in science teaching and learning which is emphasizing on the process of
learning, and also especially in the fast growing age of science and technology. It is the
focus of this study in investigating the use of a computer game in science teaching and
learning.

In comparison with genetic engineering, nanotechnology looks like being the other
big growth area this century. Nanotechnology is the meeting ground of engineering,
biology, physics, medicine, and chemistry. For high school science, nanotechnology is an
exciting scientific area that can stimulate interest in science and engineering while teaching
basic principles of physics, biology and chemistry that fit into the goals for students in the
national science curriculum standards. Therefore, it is useful and helpful for young
generations such as high school students to understand the basic science concepts of
nanotechnology to live their lives happily without fear and for some who want to continue
their study in nanotechnology. Learning basic science concepts of nanoscience and
nanotechnology by investigating properties of nanomaterial through computer game based
science learning is the center of this study.

In summary, according to the Basic Education Curriculum of B.E.2544 (A.D. 2001)
and the National Education Act of B.E.2542 (A.D. 1999), now the Amendment of the National
Education Act of B.E. 2545 (A.D. 2002), science education management should be in such
a way that student will learn science and technology concepts and how they apply to real
life situations. Students should also be stimulated thinking processes and promoted
management, coping with situations and applying knowledge to obviate and solve problems
(ONEC. 1999). According to the circumstance mentioned previously and the intention of
the 2001 BEC and the 1999 NEA, now the Amendment of 2002 NEA, the researcher

developed an epistemic platform for science learning experiences with digital game



technologies. This strategy of science learning and teaching employed educationally
potential elements and devices of current forms of digital game technologies by
incorporating them into the design of the epistemic platform. The content used is the basic
concepts of nanoscience and nanotechnology, using nanomaterial in particular.
The epistemic platform is considered as a game-like science learning. It was developed
and set as a science curriculum unit to enhance Level 4 (upper secondary or
Matayomsuksa 4-6) students’ conceptual understandings of the key basic concepts of
nanoscience and nanotechnology, nanomaterial in particular. In addition, the epistemic
platform was also expected to develop students’ science problem solving processes and
thinking skills, strategic thinking in the process of problem solving in particular. The
strategic thinking in problem solving was derived into strategic problem solving ability for
this study in particular. In order to facilitate science learning through the activities of the
epistemic platform, the researcher also developed an active learning approach called”
Learn to Play and Play to Learn learning approach (LPPL) which is grounded in current
influential learning theories and lessons from research on cognition and learning. As
studying on developing innovation for teaching and learning, the researcher employed
multiple methods, both qualitative and quantitative, as a part of a larger design-based
research project (Brown.1992; Collin. 1992) to examine the effects of the epistemic platform
on level 4 students. The data were obtained from the students’ science learning
achievement based on pre- and post-test scores, the students’ strategic problem solving
ability pre-and post test scores, the students’ attitude towards science pre- and post-
measure scores, the students’ opinion towards the curriculum unit in term of the data from
the questionnaire, focus group discussion and selected individual interview using the
question set. In addition, data from interview with the participating teacher was also

obtained.



Purposes of the Study

The main idea of this study was to find out whether the potential elements of digital
game technologies and gameplay could be incorporated into existing science curriculum
and help students learn effectively. Therefore, the purpose of the study was to develop and
examine the epistemic platform for science learning with a computer game on the content of
fundamental nanoscience and nanotechnology. In developing the epistemic platform, the
researcher employed educationally potential elements and devices of the current forms of
digital games and their associated technologies by incorporating them into the instructional
design for the study. This resulted in a game-like learning environment that consisted of a
computer game and the Learn to Play and Play to Learn Approach. To examine the effects
of the epistemic platform, the researcher collected various kinds of data such as
1) students’ science learning achievement focusing on conceptual understandings,
2) strategic thinking in problem solving ability in term of “ strategic problem solving ability” in
science learning and 3) attitude toward science. In addition, the researcher also examined
the teacher’s and the students’ opinion toward the epistemic platform for nanoscience and
nanotechnology with a computer game.

As a result, the purposes of this study are summarized as follows:

1) To develop the epistemic platform for science learning with a computer game
on the content of nanoscience and nanotechnology, using nanomaterial in particular,
facilitated by Learn to Play and Play to Learn Approach for level 4 (High School or Upper
Secondary) students, in the previous Thai educational system called Mathayomsuksa 4-6,

2) To examine the effect of the epistemic platform on students’ science learning
achievement, strategic problem solving ability, and attitude towards science, and

3) To find out whether this kind of learning can be fit into the existing science

curriculum.
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Scope of the Study

The focus of this study was placed on developing a novel strategy for science
teaching and learning called an epistemic platform for science learming with a computer
game to enhance level 4 students’ science learning achievement by incorporating the
educationally potential elements and devices of game technologies and gameplay into the
design of the epistemic platform. The epistemic platform were developed and set as the
curriculum unit, divided into three learning units, using the content of fundamental
nanoscience and nanotechnology, nanomaterial in particular. The selected concepts of
nanoscience and nanotechnology are in line with national science curriculum standards. As
this research involved an innovative development for teaching and learning, the researchers
employed design-based research (Brown. 1992; Collins. 1992; Barab & Squire. 2004) as a

large framework for the study.

Significance of the Study

This study obtained additional useful information concerning strategy using and
incorporating digital game technologies into science teaching and learning. The result of
this study increased understanding on the use of game technologies in education in general
and science education in particular. Besides that, this was very useful for participants in
developing their own learning process. In this study, the effective epistemic platform for
science learning with a computer game on the concepts of nanoscience and
nanotechnology using the concepts of nanomaterial in particular also were obtained.

This epistemic platform was expected to be adapted and adopted to other science classes.

Limitations of the Study

This study was limited by the characteristics of the population. The students’
computer skills and availability of computer with the Internet access are the main limitation
of the study. The study site is the school equipped with microcomputers with the Internet

connection.
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Population

The populations of this study were the students studying in science program in
level 4 (Matayomsueksa 4-6), and already completed two semesters of biology, physics,
and chemistry, at the demonstration school of Naresuan University (Mathayom) at
Phitsanulok, Thailand. The school site is equipped with microcomputers with the Internet
connection.

Samples

The samples of this study were the 32 students who were studying in science
program in level 4, and already completed two semesters of biology, physics, and
chemistry, at the demonstration school of Naresuan University (Mathayom) at Phitsanulok,
Thailand.

Variables of the Study

This research was intended to study the main independent variables:

The epistemic platform for nanoscience and nanotechnology with a computer

game, which developed as the curriculum unit

And the dependent variables were as the followings:

1. Students’ science learning achievement,

Students’ strategic problem solving ability,

Students’ attitude towards science,

> L

Students’ opinion toward the curriculum unit of the epistemic platform,
and
5. Teachers’ opinion toward the curriculum unit of the epistemic platform.
Definition of the Terms
The terms used in this study were defined as follows:

1. The epistemic platform for nanoscience and nanotechnology with a computer
game is a teaching and learning strategy that employs educationally potential aspects of
gameplay and devices of digital game and its associated technologies to develop
immersive science learning experiences for level 4 students on the concepts of fundamental
nanoscience and nanotechnology, using the concepts of nanomaterial in particular.

The epistemic platform consists of a computer game program and its related materials
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developed by the researcher and the Lear to Play and Play to Learn learning approach
(LPPL) also developed by the researcher for running the learning process.

These components are developed and set as the curriculum unit that is divided into three
learning units.

2. Educationally potential aspects/components of gameplay activities mean the
aspects or elements of gameplay occurring in and around gameplay activities. The aspects
or elements are considered as potential for science learning such as collaborative playing,
apprenticeship, critical reflecting on gameplay, researching information for gameplay,
strategic thinking and problem solving in gameplay, etc. These aspects/components of
gameplay activities are incorporated into the design and development of the LPPL learning
approach and computer game program for the study.

3. Devices of digital game and its associated technologies mean the strategies
or patterns of game design that game designers use in developing computer/video games
such as story design, narrative, and interactive design, guiding and feedback system
design, sound and graphic design, multi-representation system design, etc. The devices
are used in designing and developing the computer game program for the study.

4. A game-like learning is a kind of learning that is set for learners by using
frames and strategies of games as framework. This is considered as learning environment
that looks similar to game. This is considered as one kind of game based learning.

5. A Game-based Learning is a kind of learning that incorporates a set of game
elements into its instructional design to make learning look more like game, or use games as
a part of instructional units.

6. Digital game technologies are technologies that are used to develop digital
game for playing in the current platforms such as PC, Play Station 2 and 3, XBOX 360, etc.
The digital game technologies are referred to those of game creation software, such as
Flash, DarkBasic, 3D MAX studio, etc. The term also associates with the technologies of the
Internet involved with gameplay such as websites, Webblog, etc.

7. The curriculum unit is the set of three science learning units of the epistemic
platform for science learning with a computer game in the study, detailed in chapter 2 and

3.
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8. The computer game entitled “Nano X Project” is the computer game
program developed by using Adobe Flash software program. This computer game is
considered as game-like science learning. In this kind of learning, scenarios are set as a
research competition to win the contract from government. Students as players play a role
as a leading scientist who lead and manage his/her team to conduct a project research on
developing military superclothes using nanotechnology for protecting soldiers in the future
war. At the interface, students interact with programmed agents and perform various kinds
of tasks and deal with many problems in his/ her project management. This brings about
situated learning in immersive science learning environment. The computer game was
developed by the researcher.

9. Learn to Play and Play to Learn learning Approach (LPPL) is an active
learning approach developed for using in this game-like science learning activities of the
epistemic platform that allow students to construct their own understandings through
performing tasks /solving problems. The approach consists of two main inter-switchable
phases including learn to play phase and play to learn phase (detailed in chapter 2).

10. Attitude towards science refers to the feelings that student has about
science based on their beliefs about science through science learning activities. The
attitude towards science in this study was assessed by an attitude towards science
measure.

11. Strategic problem solving ability refers to students’ ability to determine
optimum or the best way to accomplish the intended goal or to solve the problems under
any problematic and uncertain circumstance. In problem solving process, students use
knowledge, skills, and prior experiences to analyze, synthesize, and evaluate situation to
find out the best way to accomplish the intended goal or to solve the problem effectively.
The steps of strategic thinking in problem solving process are shown as follows:

1. Analyzing/evaluating the problematic situation,

2. Searching the strategy and alternative strategies,
3. Testing/Evaluating the strategy,

4. Planning for the strategies or solutions,

5

Doing the solutions,
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6. Evaluating the solutions, and

7. Analyzing/evaluating strength and weakness of the solutions.
This process is revised and set into the four step process for the study:

1. Analyzing/evaluating the problematic situation and identify the problem
or intended goal.

2. Searching and developing the solution and at least one possible
alternative solution,

3. Analyzing, assessing, and making a decision based on specific reason
to choose the best solution,

4. Evaluating the selected solution.

Strategic problem solving ability was assessed by strategic problem solving
situation test.

12. Students’ science learning achievement refers to students’ performances of
science learning achievement test, particularly conceptual understandings on fundamental
nanoscience and nanotechnology, reflected from knowledge, comprehension, application,
and analysis. Students’ science learning achievements were assessed by science learning
achievement test. The science learning achievements was developed by the researcher.

13. Students’ opinion toward the curriculum unit of the epistemic platform
refers to students’ feelings, affected by performing activities of the epistemic platform.
The student opinions toward the epistemic platform were assessed by a questionnaire,
individual interview and focus group discussion. All of the documents for assessing students’
opinion toward the epistemic platform were developed by the researcher.

14. Teachers’ opinion toward the curriculum unit of the epistemic platform
refers to teacher’s feelings regarding the epistemic platform. These feelings are affected
while considering documents and instructing the curriculum units of the epistemic
platform. Teacher's opinion towards the epistemic platform was assessed by using the

interview form developed by the researcher.
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Research Questions and Hypotheses

The main research question of this study is shown as follows:

What were advantages of the use of the epistemic platform for science learning
with a computer game for level 4 (Matayousuksa 4-6) students in learning fundamental
nanoscience and nanotechnology concepts?

The main research question was diversified into the two sub-questions presented
below:

*What are effects of the epistemic platform on students’ science learning
achievement, strategic problem solving ability, and attitude towards science?

+|s there any advantage in the use of the epistemic platform in the view of
students and teacher?

The hypotheses of this study were obtained as the followings:

1. The students’ science learning achievement in the study positively change
after performing the science learning activities of the epistemic platform for science learning
with a computer game on nanoscience and nanotechnology, in the case of nanomaterial, in
term of change in post-pretest scores at the 0.05 level of significance.

2. Students who perform the activities of the epistemic platform have strategic
problem solving ability improvement in term of change in post-pre test scores at the 0.05 at
level.

3. Students’ attitude toward science after the intervention of the curriculum unit
of the epistemic platform is significantly higher than that of the before at 0.05 level.

4. The students’ opinion score toward the curriculum unit of the epistemic
platform after using the curriculum unit was significantly higher than the criteria of 3.51 at the
0.05 level.

5. Teacher who implements the epistemic platform has highly positive opinions

towards the curriculum unit of the epistemic platform.
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The Conceptual Framework of the Study in Developing the Epistemic Platform for

Nanoscience and Nanotechnology with a Computer Game.

The developing ideas for the study were based on the guidelines from the
National Science Curriculum Standards resulted from the Thai National Education Act of
A.D. 1999, the Amendment of the Thai National Education of A.D. 2002 and the Basic
Education Curriculum of A.D. 2001. In addition, the educationally potential elements
and devices of digital game technologies and gameplay activities were combined with
the lessons from research on cognition and gaming in education to develop the
epistemic platform for science learning with a computer game using the content of
fundamental nanoscience and nanotechnology, by using nanomaterial in particular. To
facilitate this kind of learning, an active learning approach called Learn to Play and Play
to Learn approach (LPPL) was developed by the researcher. The LPPL is grounded in
four currently influential learning theories: constructivism, situated learning, activity, and
scaffolding theories. As a result, the epistemic platform for science learning with a
computer game in learning fundamental nanoscience and nanotechnology, using
nanomaterial in particular, consists of two main parts which are: 1) a computer game
program and associated materials, and 2) Learn to Play and Play to Learn learning
approach to be used in science teaching and learning activities of the epistemic
plattorm. The developing ideas resulted in the conceptual framework of the study

shown as follows:



/ The Epistemic Platform \

Nano X
Project
Game

. /

LPPL
approach

ﬁearning Outcome \

- Science learning achievement
o Conceptual
understandings
- Attitude towards science
- Thinking skills
o Strategic problem-solving
ability
End user opinion
- Students’ opinion towards the
epistemic platform
- Teacher’s opinion towards the

\ epistemic platform /

FIGURE 1 the Conceptual Framework of the Study

17



CHAPTER 2
REVIEW OF THE LITERATURE

This chapter is dedicated to review the literature that is relevant to the purposes of
research and the circumstances in which they are explored. It aims to identify the various
exemplary perspectives of science education and digital game technologies that can be
used to explain: 1) practices in science teaching and learning, 2) the potential roles of
educational technology in science education, 3) digital game technologies and their
implication for science teaching and learning, 4) active learning approach to science
learning and assessment in digital game-based learning, and 5) nanoscience and
nanotechnology education in secondary science.

This literature review frames the context for this study and shows how this study
grounded in related theories. In addition, this also shows how the research questions posed

were built upon the past research.

SECTION 1: Practices in Science Teaching and Learning

Central to science education is the notion of its purposes. There are four
arguments its purposes for science education (Layton. 1973; Millar. 1996; Milner. 1986;
Thomas; & Durant. 1987). These are called the utilitarian argument, the economic
argument, the democratic argument and the cultural argument. One out of the four is the
economic argument which is accepted that science education is an important contributor to
establishing economic development (Drori. 2000: 28). From this perspective, school
science provides a pre-professional training and acts essentially as a sieve for selecting the
chosen few who will enter academic science, or follow courses of vocational training.
Coles’s analysis (1998) of scientists and their work, their job specifications and other
research summarizes the important components of scientific knowledge and skills needed
for employment as: general skills knowledge of explanatory concepts, specific skills,
application of explanatory concepts, concepts of evidence, manipulation of equipment,
habits of mind, e.g. analytical thinking, and, knowledge of the context of scientific work.

Coles’ findings suggest that the skills developed by opportunities to conduct investigative
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practical work, such as that mentioned in national science curriculum- the ability to
interpret, present and evaluate evidence, the ability to manipulate equipment, and an
awareness of the scientific approach to problems — are outcomes which are to be valued as
much as any factual knowledge of science. Theses skills can be developed through the
iterative cyclic process namely called “scientific inquiry”.

In science classroom practices, science learning involves problem-solving
activities, or called scientific inquiry process, which require students to: 1) engage in asking
question, 2) make prediction, 3) build hypotheses, 4) make observation and measurement,
5) manipulate variables to inform those hypotheses, 6) evaluate and interpret the results
they have gained from those measurements and observation, and 7) feed those observation
back into their original hypotheses to refine and modify their ideas. As such, this scientific
inquiry is considered as sitting in the heart of science teaching and learning.

Currently, science curriculum at all level is still driven by the agenda of the
professional scientific community with a well-established pedagogy which is primarily based
upon transmission of predefined, value-free content knowledge. (Osborne J.; & Hennessy S.
2003: Online). Thus, active roles in this kind of learning setting are placed on teachers who
function as a giving machine while students play a role as a receiving one. However, the
demands for change embodied in new curricula such as 21st Century Science require
teachers to adapt and adopt a different set of pedagogic practices. Its goal of fostering
‘scientific literacy’ involves developing a knowledge not only of the broad explanatory
themes of science but also of some of the discourse and practices of scientists, including
the processes of theory construction, decision making and communication, and the social
factors that influence scientists’ work, albeit highly simplified. This implies that students have
to play active roles in knowledge acquisition. Unfortunately, there are still some problems in
affording to do so. School shortage of resources, such as laboratory instruments, is one of
the main problems across the globe including Thailand (TIMSS. 1999). Moreover, many
teachers are struggling with implementing bunches of science content in limited science
class time. These result in some shortages in science education. One of the key forces for

pedagogic change in science education is the new mode of inquiry afforded by computer-
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based tools and resources, now known collectively as Information and Communication

Technologies (ICT).

SECTION 2:The Potential Roles of Educational Technology in Science Education

The advent of this educational technology, and its more widespread access in
schools, potentially has an important part to play in re-shaping the curriculum and
pedagogy of science. These technologies offer potential enhancement to each stage of the
essentially iterative scientific inquiry learning model. ICT-based interventions can either be
used to enhance the practical investigation or as a virtual alternative to real practical work
where a simulation supports exploration of the investigative model through a computerized
representation of the phenomena under study.

To integrate ICT into science classroom and utilize its benefit, we have to carefully
define what it is and how it functions in particular. UNESCO (2003: Online) has given the
definition of ICT, which stands for Information and Communications Technology - or
Technologies, that ICT is the term used to describe the tools and processes to access,
retrieve, store, organize, manipulate, produce, present and exchange information by
electronic and automated means. In the boarder view of ICT, the term is defined as an
umbrella term that includes any communication device or application, encompassing: radio,
television, cellular phones, computer and network hardware and software, satellite systems
and so on, as well as the various services and applications associated with them, such as
videoconferencing and distance learning. From this view, it seems that our daily lives have
been involving any kind of ICT, even in classroom as learning facilitators.

ICT is often spoken of in a particular context, such as ICT in education, health care,
or libraries. In this context, ICT is referred to as various forms of technology and their
associated applications in education, namely educational technology, in science education
in particular. In the practices of science classroom, ICT offer many crucial roles in facilitating
science learning and teaching. As a communication tool, for example, ICT offers easy
access to a vast array of the Internet resources and other new tools and resources that
facilitate and extend opportunities for empirical inquiry both inside and outside the

classroom. Access to secondary resources and data, however, places greater emphasis on
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the need to provide a science education which gives pre-eminence, as its ultimate goal, to
developing the higher order cognitive skills of evaluation and interpretation of evidence
requiring critical assessment of the validity of theories and explanations. Such an education
would seek to support and develop students’ scientific reasoning, critical reflection and
analytic skills.

Osborne J. and Henessy S. (2003: Online) reviewed the impact of ICT use on
science curriculum, pedagogy and learning. They focused on the role of ICT in transforming
science teaching and learning, particularly that envisioned by the current trend in science
education that seeks to develop scientific literacy. As scientific inquiry is being regarded as
central to science teaching and learning, various forms of ICT used to facilitate learning are
placed to each particular stage. In their review, Osborne and Henessy summarize the
various forms of ICT use in scientific inquiry that are shown as follows:

1. Tools for data capture, processing and interpretation (e.g. data logging
systems, data analysis software, databases and spreadsheets (e.g. ‘Excel’), calculators,
graphing tools, modelling environments)

2. Multimedia software (for simulation of processes and carrying out virtual
experiments, - CD-Roms, DVDs (e.g. ‘Science Investigations 1’, ‘Chemistry Set’, ‘Multimedia
Library for Science’,))

3. Information systems (CD-Roms (e.g. Encarta), internet, intranet Publishing
and presentation tools (e.g. Word, PowerPoint) Digital recording equipment — still and video
cameras)

4. Computer projection technology (interactive whiteboards, data projector +
screen, external monitor or TV)

Drawing on some prominent examples of recent research, they examine the forms
of ICT which can potentially enhance both the practical and theoretical aspects of science
teaching and learning, and explore the uses of ICT in the school science. They conclude
that the potential contribution of technology use to science teaching and learning is:

+ expediting and enhancing work production; offering release from laborious
manual processes and more time for thinking, discussion and interpretation,

* increasing currency and scope of relevant phenomena by linking school
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science to contemporary science and providing access to experiences not otherwise

feasible,

* supporting exploration and experimentation by providing immediate, visual

feedback,

« focusing attention on over-arching issues, increasing salience of underlying
abstract concepts,

« fostering self-regulated and collaborative learning,

 improving motivation and engagement.

Accordingly, McFarlane (2000: 221) proposes a model of cyclic process of science
that can be used to structure experience of science at school level with some examples of
current use of ICT. The model is based on the premise that the approach to science is
essentially investigative, with students learning about both scientific theory and process

simultaneously. The model is shown as follows:

Using IT in prior
research on a topic,
e.g. CD-ROM, WWW

Word-processing or
desk-top publishing
in presenting an
investigation or
writing up

{i) Ask
questions,

predict and
hypothesise

T Word-processing
in planning

Simulations
and madels

(ii) Observe,

measure and

manipulate
variables

|

WWW Organising, presenting Data-logging
and recording results,
e.9. spreadsheets,
data-logging, software,
database

{iii) Interpret
their results and

evaluate scientific
evidence

FIGURE 2 A model of cyclic process of science with use of ICT
Source: McFarlane A. E. (2000). The Impact of IT. p. 221.
Given various forms of ICT use, ICT offers the opportunity to greatly enhance the
quality of presentation, incorporating the use of movement, light, sound and color rather

than static text and images, which is attractive and more authentic. Above all, using ICT
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can increase students’ persistence and participation through enhancing the appeal of
laboratory activity, not only in terms of novelty and variety, but by providing immediate,
accurate results and reducing the laboriousness of work. Students are also observed to be
more motivated to participate in science activity and discussion when using tools such as
interactive whiteboards, modelling and simulations which permit active engagement and
offer students a degree of control over their own learning.

One out of the latest form of ICT use in science classrooms is simulation. Using ICT
simulations in the school laboratory are well documented (see Scaife & Wellington. 1993;
Baggott. 1998). As a result of early work which demonstrated that students were able to
engage in investigations that were not only impossible to replicate in a school laboratory,
but also above the mathematical abilities of the learners, (Papert. 1980; Kurland; & Pea.
1983; Cox. 1984; CERI. 1987), a substantial number of simulation and modelling
programmes have been developed and evaluated. To distinguish the two, there is a basic
difference between these. Bliss; et al. (1992:Abstract) distinguished simulations as the
exploration of existing models, and modelling as the expression of learners’ ideas but
constructing their own models. Mellar; et al. (1994:Abstract) demonstrated that students
were able to investigate much more complex models if they were provided in simulations
than if they had to build their own. Margaret Cox (2000: Abstract) has reviewed research
carried out over the past two decades on the educational use of ICT-based simulations and
modelling, and concluded that the main contribution made to student understanding of
science was through the acquisition of investigative skills and improved understanding of
some scientific concepts and processes. Using ICT in science, students develop novel
strategies for problem solving by building models and creating new rules, (Boohan. 1994:
Abstract). They are able to complete tasks of greater cognitive complexity, than they would
be able to without the scaffolding effect of the software (Wideman; & Owston. 1988).
Students are able to test their own hypotheses by making informed predictions (Linn; &
Songer. 1993). They develop higher-order thinking skills (Cathcart. 1990), and are able to
engage in complex causal reasoning (Mellar. 1994). They have been shown to use more

exploratory language to arrive at choices through discussion (Wild & Braid. 1996).
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The simulation and modelling activities allow for both expressive and exploratory
learning activities (Mellar; & Bliss. 1994). Exploratory learning activities involve the learner in
exploring ideas about a topic presented by someone else (a teacher or expert), where these
ideas may often be quite different from the learner’s. Expressive learning activities involve
learners in expressing their own ideas. Drawing from those research findings mentioned
above, using simulation in science teaching and learning shows positive impact on student
learning in science.

However, much educational simulation tends to be organized in the way that mirror
traditional forms of instruction which sometimes is not relevant to real world experiences
important for students in their future living. What science teachers or educators have to
achieve is to design effective instruction that provides students with the kind of social and
material experiences necessary to make sense of that content, and to make it meaningful

and useful for them in science learning activities.

SECTION 3: Digital Game Technologies and Their Implications for Science
Teaching and Learning

A new mode of ICT use in learning, commonly called digital game-based learning, is
emerging as alternative vision for digital age of learning. It is believed that computer/video
game pedagogies bear considerable potential for science education in particular and the
larger field of education more generally. It is also believed that digital game technology can
provide students with the real world experiences in authentic situations where they are
motivated and engaged to learn in meaningful learning environment. In digital game based
learning, learners, or namely players, are required to play an active role to complete various
kinds of puzzle and task to accomplish the goal of that game and their own goal of
gameplay. Given puzzles and tasks in gameplay, particularly in project creation or
management games, players are required to use higher order thinking skills (Bell; Davis; &
Linn. 1996; Schlechy. 1990) and develop various strategies to reach the goal. In this
section, current digital game technologies and their impact on culture are addressed and
previous research on the use of digital game technologies in education, especially in

science education, is discussed as well as how this study is formed on previous research.
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3.1 A Digital Game and Its Associated Technologies

When looking at digital game in social and cultural aspects, it is clear that digital
games have been growing as a part of our culture; the global market is worth billions of
dollars, related activities range from published magazines to spontaneous internet
communities, and the impact of games play on young people has attracted significant
interest from the popular media. Three quarters of children play regularly — is this harmful or
beneficial, are they learning as they play, and if so what? These questions are worth
studying. In this research study, the researcher tries to investigate the potential aspects of
digital game-like learning environment designed by combining strategies used by
commercial games and current lessons from research on gaming and learning.

What do we mean by the word “game”? For some, games are activities to be
undertaken for pleasure and are explicitly designed to not to be real. According to Salen
and Zimmerman (2004: 80),“ a game is a system in which players engage in artificial
conflict, defined by rules, that results in a quantifiable outcome.” By this definition, there are
four main features that constitute a game: system, rules, artificial conflict, and quantifiable
outcome. Gee (2004: 2) suggests that a game is a complex system which is an emergent
property of the rules that the designer has built into the game and the interactions of the
players with this rule system. In this study, the researchers try to define the word “game” by
looking at the current form of popular games, namely digital games, played by several
thousands people across the world. There is a wide variety of definitions of digital games
across the range of academic, the Internet, and media writing. The terminology also varies
between authors and over time, and is often interchangeable. For example, the phrases
video game and computer game are often used interchangeably. Typically, there is a
screen (television, monitor, LCD display) through which the game is viewed. Input devices
vary depending on the game and hardware, but usually involve a controller, joystick,
keyboard or keypad.

According to John Kirriemuir (2002) Such a game is:

- playable using a television set. The game software is accessed via a games

console, to which input devices such as joysticks or controllers are attached; or
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- playable using a television set, with the game being accessible or
downloadable through a satellite or digital subscription-based system; or

- playable on a PC or Macintosh; or

- housed inside a cabinet with a built-in screen and input device such as a
joystick. These are typically found in arcades; or

- found on small, portable games machines, of which the most well-known is
the Game Boy; or

- increasingly found in consumer electronic devices, such as mobile phones
and handheld PCs.

Essentially, most video games can be viewed as simulations of some forms.
Realism-based simulations include contemporary car racing games, business simulations,
sports, combat and civilization development games. More abstract simulations involve
adventure, fantasy, and space battle games, although realistic graphics and physics-based
effects are used in many of these games. Other simulations include puzzle games such as
Tetris, and conversions of traditional games such as Scrabble, Monopoly and crosswords.

Drawing from the perspectives mentioned above, for the purposes of this study, the
researchers define a digital game as one that:

* provides some visual digital information or substance to one or more players
* takes some input from the players

* processes the input according to a set of programmed game rules

« alters the digital information provided to the players.

Accordingly, the researchers here also define digital games as programs that
operate on the following platforms:

« hardware, known as video game consoles (e.g., the Sony Playstation series,
Microsoft Xbox and Nintendo GameCube), which are operated through a television,

* personal computers,

* mobile devices, e.g., phones and dedicated gaming machines such as the

Nintendo GameBoy Advance.
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The definition of the current popular form of game, namely digital game, given here
is to be used as the term for this study in particular. The term is primarily intended to mean

to computer games.

3.2 Simulation and Digital Games in Educational and Training Purpose

Digital games are not restricted to the entertainment sector. The business sector
has long used games and simulations to train staff in developing fiscal, economic and
trading skills. The military sector uses simulation-based games (due partially to advances in
graphical and A.l. realism) in combat training, while the health/medical sectors are
increasingly using similar realism techniques and technologies to those used in games.
Aircraft pilots, and "drivers" of other vehicles, often use simulations in the early stages of
training and equipment familiarization.

Digital games and its association are the latest technology that has received
attention from educators (Gilbert. 2004: 9). Accordingly, many learning scientists are also
now increasingly turning to computer and video games as tools for learning (Squire K. 2003:
Online).

In order to answer the question “Why Games ?”, Shaffer and his colleagues argue
that for a particular view of games—and of learning—as activities that are most powerful
when they are personally meaningful, experiential, social, and epistemological all at the
same time (Shaffer; et al. 2004: abstract; Gee. 2003; 2005). They further point out that video
games are good for learning because they present players with simulated worlds: worlds
which, if well constructed, are not just about facts or isolated skills, but embody particular
social practices (Shaffer; et al, 2004: abstract). In the view of social activities, video games
thus make it possible for players to participate in valued communities of practice and as a
result develop the ways of thinking that organize those practices. In addition, Gee (2005)
argues that games are good for learning because, they have the following features: 1) they
can create an embodied empathy for a complex system, 2) they are action-and-goal-
directed preparations for, and simulations of embodied experience, 3) they involve

distributed intelligence via the creation of smart tools, 4) they create opportunities for cross-
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functional affiliation, 5) they allow meaning to be situated, 6) they can be open-ended,
allowing for goals and projects that meld the personal and the social.

Gee’s (2003) discussion in his book “What Video Games Have to Teach Us About
Learning and Literacy”, using such exemplary popular games as Deus EX, Tomb Raider,
Half-life, etc., suggests the following 36 learning principles in good video games:

1. .Active, Critical Learning Principle

All aspects of the learning environment (including the ways in which the semiotic
domain is designed and presented) are set up to encourage active and critical, not passive,
learning.

2. Design Principle

Learning about and coming to appreciate design and design principles is core to
the learning experience.

3. Semiotic principle

Learning about and coming to appreciate interrelations within and across multiple
sign systems (images, words, actions, symbols, artifacts, etc.) as a complex system is core
to the learning experience.

4. Semiotic Domains Principle

Learning involves mastering, at some level, semiotic domain, and being able to

participate, at some level, in the affinity group or groups connected to them.
5. Meta-level Thinking about Semiotic Domain Principle
Learning involves active and critical thinking about the relationships of the semiotic
domain being learned to other semiotic domains.
6. “Psychosocial Moratorium” Principle
Learners can take risks in a space where real-world consequences are lowered.
7. Committed Learning Principle

Learners Participate in an extended engagement (lots of effort and practice) as

extensions of their real-world identities in relation to a virtual identity to which they feel some

commitment and a virtual world that they find compelling.
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8. Identity Principle
Learning involves taking on and playing with identities in such a way that the
learner has real choices (developing the virtual identity) and ample opportunity to mediate
on the relationship between new identities and old ones. There is a tripartite play of
identities as learners relate, and reflect on, their multiple real-world identities, a virtual
identity, and a projective identity.
9. Self-Knowledge Principle
The virtual world is constructed in such a way that learners learn not only about the
domain, but about themselves and their current and potential capacities.
10. Amplification of Input Principle
For a little input, learners get a lot of output.
11. Achievement Principle
For learners of all levels of skill there are intrinsic rewards from the beginning,
customized to each learner’s level, effort, and growing mastery and signaling the learner’s
ongoing achievements.
12. Practice Principle
Learners get lots and lots of practice in a context where the practice is not boring
(i.e., in a virtual world that is compelling to learners on their own terms and where the learner
experience ongoing success). They spend lots of time on task.
13. Ongoing Learning Principle
The distinction between learner and master is vague, since learners, thanks to the
operation of the “regime of the competence” principle listed next, must, at higher and higher
levels, undo their routinized mastery to adapt to new or changed conditions. There are
cycles of new learning, automatization, undoing automatization, and new reorgamnized
automatization.
14. “Regime of Competence”Principle
The learners get ample opportunity to operate within, but at the outer edge of, his or

her resources, so that at those points things are felt as challenging but not “undoable.”
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15. Probing Principle
Learning is a cycle of probing the world (doing something); reflecting in and on this
action and, on this basis, forming a hypothesis; reprobing the world to test this hypothesis;
and then accepting or rethinking the hypothesis.
16. Multiple Routes Principle
There are multiple ways to make progress or move ahead. This allows learners to
make choice, rely on their own strengths and styles of learning and problem solving, while
also exploring alternative styles.
17. Situated Meaning Principle
The meanings of signs (words, actions, objects, artifacts, symbols, texts, etc., are
situated in embodied experience. Meanings are not general or decontextualized. Whatever
generality meanings come to have is discovered bottom up via embodied experiences.
18. Text Principle
Texts are not understood purely verbally (i.e., only in terms of the definitions of the
worlds in the text and their text-internal relationships to each other) but are understood in
terms of embodied experiences. Learners move back and forth between texts and
embodied experiences. More purely verbal understanding (reading texts apart from
embodied action) comes only when learners have had enough embodied experience in the
domain and ample experiences with similar texts.
19. Intertextual Principle
The Learner understands texts as family (genre) of related texts and understands
any one such text in relation to others in family, but not only after having achieved embodied
understandings of some texts. Understandings a group of texts as family (genre) of the
texts is a large part of what helps the learners make sense of such texts.
20. Multimodal Principle
Meaning and knowledge are built up through various modalities (images, texts,

symbols, interaction, abstract design, sound, etc.) not just words.
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21.”Material intelligence” Principle
Thinking, problem solving, and knowledge are “stored” in material objects and the
environment. This frees learners to engage their minds with other things while combining
the results of their own thinking with knowledge stored in the material objects and the
environment to achieve yet more powerful effects.
22. Intuitive Knowledge Principle
Intuitive or tacit knowledge built up in repeated practice and experience, often in
association with an affinity group, counts a great deal and is honored. Not just verbal and
conscious knowledge is rewarded.
23. Subset Principle
Learning even at its start takes place in a (simplified) subset of the real domain.
24. Incremental Principle
Learning situations are ordered in the early stages so that earlier cases lead to
generalizations that are fruitful for the later cases. When learners face more complex cases
later, the learning space (the number and type of guesses the learner can make) is
constrained by the sorts of fruitful patterns or generalizations the learner has found earlier.
25. Concentrated Sample Principle
The learner sees, especially early on, many more instances of fundamental signs
and actions than would be the case in a less controlled sample. Fundamental signs and
actions are concentrated in the early stages so that learners get to practice them and learn
them well.
26. Bottom-up Basic Skill Principle
Basic skills are not learned in isolation or out of context; rather, what counts as a
basic skill is discovered bottom up by engaging in more and more of the game/domain or
game/domains like it. Basic skills are genre elements of a given type of game/domain.
27. Explicit information On-Demand and Just-in-Time Principle
The learner is given explicit information both on-demand and just in time, when the
learners needs it or just at the point where the information can best be understood and used

in practice.
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28. Discovery Principle
Overt telling if kept to a well-thought-out minimum, allowing ample opportunity for
the learner to experiment and make discoveries.
29. Transfer Principle
Learners are given ample opportunity to practice, and support for, transferring what
they have learned earlier to later problems, including problems that require adapting and
transforming that earlier learning.
30. Cultural Models about the World Principle
Learning is set up in such a way that learners come to think consciously and
reflectively about some of their cultural models regarding the world, without denigration of
their identities, abilities, or social affiliations, and juxtapose them to new models that may
conflict with or otherwise relate to them in various ways.
31. Cultural Models about Learning Principle
Learning is set up in such a way that learners come to think consciously and
reflectively about their cultural models of learning and themselves as learners, without
denigration of their identities, abilities, or social affiliations, and juxtapose them to new
models of learning and themselves as learners.
32. Cultural Models about Semiotic Domain Principle
Learning is set up in such a way that learners come to think consciously and
reflectively about their cultural models about a particular semiotic domain they are learning
without denigration of their identities, abilities, or social affiliations, and juxtapose them to
new models about this domain.
33. Distributed Principle
Meaning/knowledge is distributed across the learner, objects, tools, symbols,
technologies, and the environment.
34. Dispersed Principle
Meaning/Knowledge is dispersed in the sense that the learner shares it with others

outside the domain/game, some of whom the learner may rarely or never see face-to-face.
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35. .Affinity Group Principle
Learners constitute “affinity group,” that is, a group that is bonded primarily through
shared endeavors, goals, and practices and not shared race, gender, nation, ethnicity, or
culture.
36. Insider Principle

The learner is and “insider,” "teacher,” and "producer” (not just a “consumer”) able
to customize the learning experience and domain/game from the beginning and throughout
the experience.

The 36 learning principles in good video games mentioned above are reflected
from social context and gameplay of the current forms of digital game technologies which
are highly advanced in graphic and interactive design. As games differ depending on the
game genre, these learning principles may vary and be employed for particular kind of
learning setting. Gameplay offers player opportunities to deal with various kinds of problem
and situation. Depending on the genre and individual game, players may be required to
analyze, synthesize, and use critical thinking skills in order to play and execute moves.
According to the McFarlane et al. (2002) TEEM report, teachers and parents recognized that
games play can support valuable skill development such as: 1) strategic thinking,
2) planning, 3) communication, 4) application of numbers, 5) negotiating skills, 6) group
decision-making, and, 7) data-handling. Significantly, the experience of game play seems
to be affecting learners’ expectations of learning activities. Preferred tasks are fast, active
and exploratory, with information supplied in multiple forms in parallel. Traditional school-
based learning may not meet these demands. Thus, it is worth investigating game
components that can be incorporated into existing science curriculum.

In learning perspective, when looking at particular elements of game for learning,
we found that the most interesting games are those in which what unifies the different
aspects is some overriding narrative through which the various components, rules, and
interactions take on meaning. Salen and Zimmerman (2004: 35) suggest that meaningful
play occurs when the relationships between actions and outcomes in a game are both
discernable and integrated into the larger context of the game. Gee (2003) suggested that

the real power of digital games is bound up in their potential to establish the third identity
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through which one can develop embodies empathy for the complex system. A well-
designed game immerse players in a rich network of interactions and unfolding storylines
through which she solves problems and reflects on the workings of design of the game
world, as well as the design of both real and imagined social relationships and identities in
the game and non-game world. As thus, in the view of learning experience, science
teachers may see that helping students develop a personal empathy for the entirety of
complex system is one of the educational potentials of games that hold much promise for

science education.

3.3 Current Research on Gaming in Education

Over the past few years, several research projects, organizations centers, grants,
books, and studies have emerged exploring new visions for game-based technologies in
learning (Game-To-Teach Team. 2003). Educational research on academic learning
through computer games has uncovered a few successful implementations which employ
commercial games in classroom (e.g., Squire. 2004: on Civilizations) and some interesting
examples of games explicitly designed to support learning (e.g., Jenkins; Squire; & Tan.
2004, on Supercharged), and has discussed contexts that situate game play as part of a
larger educational agenda, such as the Fifth Dimension project (e.g., Nicopoloulou; & Cole.
1993). However, many games and their forms of use have relatively little impact on school
curriculum, especially when contrasted with the prevalence of commercial videogames
outside the school setting (Gee. 2003; Squire. 2005). The reason why is that most
commercial videogames are produced for entertainment purpose only and many of them
lack of integrating learning principles and theories into its design. In this study, the
researcher tries to review and discuss the use of game in education in general and in
science education in particular. Some research findings show positive results of using
game in learning. Cordova and Lepper (1996: Abstract) found that students learning with
instructional games in mathematics classrooms outperformed students in more traditional
settings and that context, challenge, control, and curiosity increased motivation. McFarlane,
Sparrowhawk, and Heald (2002: Abstract), as part of a teacher evaluation research

experiment found that computer games provided a forum in which learning arises as a result
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of tasks stimulated by the content of the games, knowledge is developed through the
content of the game, and skills are developed as a result of playing the game. Moreover,
survey studies suggest that game experiences are changing a generation’s attitude toward
work and learning (Beck, J.; & Wade. 2004: Abstract). To get more sense of the notion that
game is a powerful tool for learning, this part is dedicated to review the current direction of
research on gaming in education which consists of three main areas: 1) research on the use
of commercial games in education, 2) research on the design and development of
educational games, and 3) research on the use of compelling elements of game for
designing effective learning.

Research into the use of commercial computer games in education is relatively
novel, but growing rapidly. In the recent years, there have been a number of studies of the
use of commercial computer games in schools, intended to explore whether these games
can have any role in supporting current educational objectives. Squire K. (2003), for
example, investigated the use of a commercial historical computer strategy game
Civilization Il in formal learning environments of social study course. He implemented three
naturalistic case studies in which Civilization I/l was used as the basis for a unit on world
history in urban learning environments. He examined how the game engaged players, the
social interactions that occur, how understandings emerge, and what role game play serves
in mediating students’ understandings. The results of the study show that in all three cases,
engagement was a complex process of appropriation and resistance, whereby the
purposes of game play was negotiated among students’ identities, classroom goals, and the
affordances of Civilization Ill. Civilization /Il engaged each student in unique ways, and this
engagement affected the kinds of questions students asked of their games, the kinds of
conceptual understandings that arose through gameplay, and the interpretations they made
about history. History and geography became tools for game play and successful students
developed conceptual understandings across world history, geography, and politics. These
cases suggest the potential for using simulation games in world history education, but also
the significant, unsolved challenges in integrating such a complex game within classroom
settings. In the views of science education, this study suggests implication for the use of

digital games in science classroom. However digital games for science learning are very
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few in number with respect to the prevalence of commercial games. In addition, many of
those are lacks of integrating learning principles into their design. As thus, there are a few
of initiative groups developing games for education. Specifically, the next discussion
focuses on developing games for science education.

Dede and Ketlehut, for example, (2003) have been developing and researching
River City, which uses a Multiuser Virtual Environment Experiential Simulator (MUVEES) to
introduce an engaging multi-user virtual environment that teaches science concepts in a
way that draws on curiosity and play (http:/ /www.virtual.gmu.edu/muvees). Similarly, Quest
Atlantis (QA) is a learning and teaching project that uses a 3D multi-user environment to

immerse children, ages 9-12, in educational tasks (http://questatlantis.org). This project is

built on strategies from online role-playing games, QA combines strategies used in the
commercial gaming environment with lessons from educational research on learning and
motivation (Barab; et al. 2003). The series of research investigating the effects of these
kinds of learning environment are still being undertaken. Some released show positive
results of engagement and meaningful learning. By taking a closer look at this project
study, it is found that this project integrates principles underlying the development of
entertaining games (play, challenge, curiosity, and control) into the design of a learning
environment, a practice frequently absent from textbooks and school-based activities. The
project also entails a rich meta-game context through which children perceive their
participation as meaningful and engaging.

Another example of research on gaming in science education is the work by Kurt
Squire and his colleagues (Squire; Barnett; Grant; & Higginbotham. 2004; see also Jenkins;
Squire; & Tan. in press; Squire. 2003) who have worked on a computer game called
“Supercharged!” to help students learn physics. Supercharged! is an electromagnetism
simulation game developed in consultation with MIT physicist John Belcher by the Games-

to-Teach project at MIT (run by Henry Jenkins, see www.educationarcade.org). In this

gameplay context, players use the game to explore electromagnetic mazes, placing
charged particles and controlling a ship which navigates by altering its charge. The game
play consists of two phases: planning and playing. Each time players encounter a new

level, they are given a limited set of charges that they can place throughout the
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environment, enabling them to shape the trajectory of their ship. The goal of the game is to
help learners build stronger intuitions for electromagnetic concepts based on perceptual
and embodied experiences in a virtual world where these concepts are instantiated in a
fairly concrete way. Squire, Barnett, Grant, and Higginbotham (2004) report some results
that are part of a larger design experiment examining the pedagogical potential of
Supercharged in three urban middle school science classrooms with a good deal of cultural
diversity. The results show that the experimental group outperformed the control group on
conceptual exam questions. Post-interviews revealed that both experimental and control
students had improved their understanding of basic electrostatics. However, there were
some qualitative differences between the two groups. The most striking differences were in
students’ descriptions of electric fields and the influence of distance on the forces that
charges experience. In the report, they concluded that these initial findings suggest that the
primary affordances of games as instructional tools may be their power for eliciting students’
alternative misconceptions and then providing a context for thinking through problems. An
adept game players appropriate game representations as tools for thinking, which were
later taken up in solving other physics problems (p. 510).

These exemplary findings show positive result of developing educational games.
However, in the context of gameplay, it is vital that social interaction happening around
gameplay need to be taken into consideration for creating an effective learning environment.
From the findings of research into the use of Supercharged game in classroom
implementation, it is very important for the use of game in education to have a well-
integrated combination of embodied immersion in rich experience (the game wherein the
learner virtually enters an electromagnetic field) and scaffolding and guidance, both through
the design of the game itself as a learning resource and through teachers making the game
part of a larger coherent learning activity system. Therefore, learning process in gameplay
context is not for games in and of themselves, but as part and parcel of a well-designed
learning activity system. As such, how to establish a platform for academic play space that
engages science learning is focus of our work. In the study, the focus was being tried to
balance the space between play and academics, creating epistemic platform for science

learning experience with game technologies. To achieve this goal, investigation into the
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design and strategies used in the development of the current forms of digital games and
their associated technologies is needed in order to set up the framework for the design of
the epistemic platform of the study. Thus, the next few paragraphs are dedicated to review
literature and research regarding compelling elements of game design that can be
incorporated into the design of science learning environment.

To go in depth into game and understand more about what constitutes gameplay
context, game anatomy and categorization are discussed. For game anatomy, Avedon and
Sutton-Amith (1981), in their article “The Structural Elements of Games”, suggest the
following elements of game: 1) purpose of the game, 2) procedure for action, 3) rules
governing action, 5) number of required participants, 6) roles of participants, 7) results or
pay-off, 8) abilities and skills required for action, 9) interaction patterns, 10) physical setting
and environmental requirements, and, 11) required equipment. Accordingly, Owen’s
discussion of an anatomy of games (2004) suggests that game generally consists of:
1) game aims which compose of fantasies and narrative, objectives, and pieces, 2) location,
3) obstacles, hazards and attrition, 4) language, 5) making progress and surprise and
6) putting it all together. In this study, the researchers try to analyze the specific game
components that can be used for designing a new academic play space for secondary
science students.

Although the primary purpose of games is entertainment, the underlying design
employs a variety of strategies and techniques intended to engage players in "gameplay."
Strategies of design that lead to engagement may differ depending on the game genre, but
may include role playing, narrative arcs, challenges, and interactive choices within the
game, as well as interaction with other players. In this study, the researcher considers not
only the power of engagement of games, but also other educationally potential elements
that can be used to construct an epistemic platform for science learning. Prensky's (2001)
arguments about the value of integrating games in learning, coupled with those of Rieber
(1996), indicated that embedded in the design of popular games are methods and
strategies worth investigating. Much of research focuses on how educational games may
enhance existing curriculum and materials (see Frye; & Frager. 1996; Miller; Dhaika; &

Groppe. 1996; Miller- Lachmann; Jones, Stone-Farina; DeLaoch; & Kloten. 1995; Pahl. 1991;
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Teague; & Teague. 1995). Despite the lack of significant research into design aspects of
games, studies by such diverse researchers as Bruckman (1993; 1997), Turkle (1995),
Rieber (1996), Prensky (2001), Malone (1981a, 1981b), Bowman (1982) and Provenzo
(1991) indicated that many of the strategies, tactics, and methods employed in popular
gaming environments may also provide compelling strategies for the design of educational
media and interactive learning environments.

Both Bowman's (1982) and Provenzo's (1991) research investigated the design of
popular games and how game design might inform instructional design. Bowman's study
described the motivational support found in the then popular video game, Pac-Man and the
implications of extending those motivational supports into classroom learning. According to
Bowman, extrinsic supports in the form of visual and aural feedback and accomplishments
(i.e., the devouring of dots and attaining medals of achievement) do not adequately explain
the appeal of the game. Bowman applied Csikszentmihalyi and Lawson's (1980) "flow state
interaction" to explain the gameplay experience. The condition of flow or flow activities
involves "deep concentration, high and balanced challenges and skills, and a sense of
control and satisfaction" (Csikszentmihalyi. 1990: 83). Bowman argued that the popularity of
Pac-Man could be attributed to inducing a flow state during gameplay because the game
offers clear goals and immediate unambiguous feedback. Bowman asserted that this
underlying design of motivational support in Pac-Man could be adapted for classroom
instruction by supplying learners with a clear task, identification of roles and responsibilities,
learners' choice, and a balance of learner skills with progressive challenges. Provenzo's
(1991) research into various design aspects of video and computer games revealed that
some of the appeal of games may be attributed to the fact that most are goal oriented with
relatively few negative consequences for risks taken. As with Bowman, Provenzo also
proposed that the underlying design of popular games might be adapted for educational
use, and like Bowman, Provenzo also looked to motivation in the design of games to explain
the appeal. Provenzo relied on Malone's (1981a, 1981b) study of intrinsic motivation to
explain the appeal of Super Mario Bros.2™ . Malone's research identified the elements of
challenge, fantasy, and curiosity present in successful games that could be incorporated

into educational environments. Provenzo (1991) further elaborated on these elements by
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deconstructing Super Mario Bros. 2™ and comparing the game to the elements identified by
Malone's study of preferences of popular computer games (1981a, 1981b). Bowman's
(1982), Provenzo's (1991), and Malone's (1981a; 1981b) studies reveal commonalities of
game design that include clear goals and tasks, reinforcing feedback, and increasing
challenge. Each study also reveals aspects of design that are contextual among individual
games, such as fantasy and curiosity. However, the games Bowman and Malone reviewed
are nearly two decades old. Games have grown increasingly sophisticated in design.
The simple one-screen mazes of Pac-Man have evolved into three-dimensional online
multiplaying gaming environments with a full cast of both human and nonhuman players.
Whereas research into intrinsic motivation might explain the appeal of such games as Pac-
Man, Super Mario Bros., and even current gaming genres such as action adventure and
role-playing games, these studies may not suffice to explain the popularity of games such
as /\/lystTM, Riven™, and even S/mC/tyTM. The arguments both Bowman (1982) and Provenzo
(1991) presented for recasting game design elements into classroom instruction are
revealing for the then current level of game design; however, game design has evolved, and
now incorporates narrative, role playing, multiplayers, representations of three dimensional
spaces, and interactive elements beyond the limits of games represented in the previous
studies. Games are becoming increasingly social environments, both in the design of
massively multiple online games (MMOGs) and through Web-based gaming communities.
Additionally, learning theories and paradigms have evolved. Thus, in developing the
epistemic platform for science learning with a computer game in this study, compelling
components of the design of current popular games were considered by looking at
particular types of such games as simulation, strategy, role-playing games.

In order to better understand what aspects of what kind of games that can be used
in designing learning environments to support science learning, teachers and educators
should also know game categorization. As games have become more complex, in terms of
graphics, complexity, interaction and narration, so a variety of genres have increasingly
come to dominate the market. There is, however, no standard categorization of such
games; different stakeholders in the games industry, e.g., game outlets, developers,

academics, web review sites, use a taxonomy appropriate to their own audience.
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Such categorizations are discussed in Orwant (2000), who also illustrates the system
employed by Herz (1997) which closely resembles that used by many in the contemporary
games industry. The Herz system presents these major categories:

1. Action games - these can be sub-categorized into shooting games, ‘platform’
games (so called because the players’ characters move between onscreen platforms) and
other types of games that are reaction-based,

2. Adventure games - in most adventure games, the player solves a number of
logic puzzles (with no time constraints) in order to progress through some described virtual
world,

3. Fighting games - these involve fighting computer-controlled characters, or
those controlled by other players,

4. Puzzle games - such as Tetris,

5. Role-playing games - where the human players assume the characteristics of
some person or creature type, e.g., elf or wizard,

6. Simulations - where the player has to succeed within some simplified
recreation of a place or situation e.g., mayor of a city, controlling financial outlay and
building works,

7. Sports games- such as football, basketball, etc.,

8. Strategy games - such as commanding armies within recreations of historical
battles and wars.

For the purpose of improving education by employing the current form of game and
its associated technologies, teachers and educators may consider every facet of game
design and social activities occurring around gameplay. Structure and strategies of game
design would be one of interesting point for teachers and educators to find compelling
aspects that can be integrated into teaching and learning. These aspects or elements of
games are useful for teachers, educators and instructional designers in using them as a
framework for developing engaging learning environment. However different kinds of game
have different kinds of elements that constitute gameplay and activities, teachers and
educators must look at particular kinds of games and particular key features of those

games. In the broad view, it is believed that the current form of game and its associated
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technologies hold some educationally potential components that can be integrated into
existing science curriculum. In the view of science educator, the researcher looks at
particular elements of game in order to integrate them into science teaching and learning.
By considering the main goal of science teaching and learning that focus on enhancing
students’ problem solving and thinking skills, the researcher found that the goal can be
reached by teaching and learning strategies that incorporate the compelling elements of the
three kinds of games: role-playing, simulation and strategy games. In this study, the
researcher analyzed the compelling elements of the three games mentioned previously, and
then set the framework to develop a novel epistemic platform for science learning with a

computer game, developing a computer game and active learning approach.

Simulation, Role-Playing, and Strategy games as a Model of the Development
of the Epistemic Platform for Science Learning of the Study

In this study, the researcher analyzed and then employed compelling components
of the three games to design and develop the epistemic platform for science learning with a
computer game. These three kinds of game are discussed separately. However, simulation
and simulation game are more stressed than the other two games because they were the
majority use in developing the epistemic platform.

Simulation and simulation game are slightly different in term of definition but they
hold some common aspects. As this study involves computer based game technologies,
this part is dedicated to review the only kinds of computer-based simulation.

The term “simulation” is defined in various perspectives from different disciplines.
In general, a simulation is defined as an imitation of some real thing, state of affairs, or
process. The act of simulating something generally entails representing certain key
characteristics or behaviors of a selected physical or abstract system. Thus, a computer
simulation is generally defined as program that contains a model of a system (natural or
artificial; e.g., equipment) or a process, or as the technique of representing the real world by
a computer program. A simulation should imitate the internal processes and not merely the
results of the thing being simulated. Hausman (1992: online) noted that a computer

simulation is any computer-implemented method for exploring the properties of



43

mathematical models where analytic methods are unavailable. From the definition of
simulation, a simulation game, or sim game, (also known as a game of status or mixed
game) is thus a game that contains a mixture of skill, chance, and strategy to simulate an
aspect of reality, such as a stock exchange. In computer games, simulation games is a
wide super-genre covering titles such as MS Flight Simulator, SimCity, Civilization and The
Sims. Some simulation games are intended to simulate the real world; others are intended
to simulate a fictional world; still others are designed to be able to do both.

In discussing types or genres of simulation, there are many different criterions that
are used to categorize simulations. However, to accord to the study, the researcher only
mentions the kind of computer-based simulations. Aldrich (2005: 4-5) proposes four
traditional genres of computer-based simulations that are perceived across corporations
and universities. The simulation genres are shown as follows:

1) Branching stories

In branching stories, students make multiple-choice decisions along an ongoing
sequence of events around what to say to another person in a given situation. The decisions
impact the evolution of the story, ultimately terminating in either successful or unsuccessful
outcomes.

2) Interactive spreadsheets

Interactive Spreadsheets focus on abstract business school issue such as supply
chain management, product life cycle, accounting, and general cross functional business
acumen.

3) Game-based model

In game-based model, students engage familiar and entertaining games with

important pieces of linear or task-based content replacing trivia or icons.
4) Virtual labs/Virtual Products

Virtual labs and virtual products focus on equipment, as straightforward as a
camera, as complicated as human body, or as immersive as a smoking car pulling into
dealership.  With virtual products, students interact with visual, selectively accurate
representations of actual product without the physical restrictions of the reality. The interface

aligns with the real function of objects represented. Clicking the graphical on switch results
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in the lights turning on. Virtual Labs forsake some of the fidelity of virtual products. They
focus instead on the situation where product is being used.

According to To Jong and van Joolingen (1998: 180), computer simulations can be
broadly divided into types: simulations containing “conceptual models.” and those based on
“operational models”. Conceptual models hold principles, concepts, and facts related to
the (class of) system(s) being simulated. Examples on conceptual models can be found in
economics and in physics (e.g., electrical circuits). On the other hand, operational models
include sequences of cognitive and non-cognitive operations (procedures) that can be
applied to the (class of) simulated system(s). Operational models can, for instance, be
found in radar control task and flight simulator.

For the purpose of this study the researcher used the aspects and forms of
simulation, in developing the computer game that were used in the study. Conceptual
model will be used for scientific conceptual understanding, e.g., chemical reaction model,
and operational model were used for procedural knowledge of scientific process, e.g.,
scientists’ work operation in labs (virtual Labs and virtual products).

The other two types of game are briefly given their definitions respectively.
Role playing games are the game in which players control a character or team of characters
that combat, or complete tasks and gain skills over time. They can have embedded puzzles
(Quinn, Clark N. 2005: 42). Strategy games are games in which the story line requires
prioritizing and allocating resources to gradually grow and conquer. The games are often
set in historic lands or in space. They may require negotiation and navigation skills, as well
as planning (Quinn, Clark N. 2005: 42).

It is believed that the three games mentioned above hold some educationally
potential components that can be used or integrated in developing engaging and
meaningful science learning. The discussions in the next few paragraphs focus on game
elements that could be used in developing the epistemic platform for science learning in the
study.

In analyzing potential elements of game by looking at particular aspects of game
both game design devices and gameplay elements that can be used to support engaging

learning, various research findings show promise for science education in particular and in
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the large system of education in general. Jones et al. (1994) and Schlechty (1997) found
that engaging and effective learning could be achieved by incorporating compelling
elements of games into the design of learning experience for learners. The elements of
engaging learning are as follows: 1) focused goals, 2) challenging tasks, 3) clear and
compelling standards, 4) protection from adverse consequences for initial failures,
5) affirmation of performance, 6) affiliation with others, 7) novelty and variety, 8) choice, and
9) authenticity. The focus of this kind of learning is on completing challenging tasks that are
typically complex and are sustained over a period of time. These tasks typically require
students to stretch both cognitive and social skills. Within the context of completing the
assigned task, students play the role of explorer as they both discover concepts and
connections and interact with the material and resources. The focus of teaching in
promoting engaged learning is on creating activities and environments that allow learners to
become engaged in meaningful activities. Teachers act both as a facilitator in creating the
tasks and environment, and as the guide and co-investigator to helping scaffold student
learning (Hall. 1998; Jones; et al., 1994). The benefit of engaging learning is that this design
promotes student collaboration and fosters students taking an active role in their learning.
It is the interactions with other learners and the materials that allow students to analyze,
synthesize, evaluate, and employ critical thinking skills as they make decisions and
determine the course of their actions. The characteristics of engaging learning are not only
desirable, but also a necessary component for education in today's world. It is important to
continually seek methods, strategies and exemplars for designing these environments.
Bowman's (1982), Malone's (1981a; 1981b), and Provenzo's (1991) research
revealed some key aspects of design that support motivation. All three noted the presence
of a clear task or goal, progressive balance or hierarchy of skills and challenge, and
immediate feedback. Provenzo also stated that there are relatively few negative
consequences for risk taking, and Bowman noted the importance of choice. These
elements are also the aspects of engaging learning. Although the notion of engaging
learning is somewhat elusive in the literature of instructional design, its underlying concept
is that learners can become meaningfully engaged in the learning environment by being

provided with both authentic activities and opportunities for interacting with other learners
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(Jones; Valdez; Norakowski; & Rasmussen. 1994; Kearsley; & Shneiderman. 1999;
Scardamalia; Bereiter; McLean; Swallow; & Woodruff. 1989; Shneiderman. 1992). Learners
play an active role in the creation and development of projects, which requires them to use
higher order thinking skills (Bell; Davis; & Linn. 1996; Schlechty. 1990).

As discussed above, compelling elements of game are diverse as game
categorization. Drawn on the notions of the research analyzing game elements mentioned
previously, the researcher will employ the game elements to design and develop the
epistemic platform for science learning with a computer game. Using those elements as a
framework for analyzing the elements that constitute the three games: simulation, strategy
and role-playing games. The compelling elements of these three games will be used in
designing and developing both the computer game software and the approach to science
learning activities. As a result, the educationally potential elements of the three kinds of
game are obtained as the followings:

- Character and identity development,

- The trajectory of player positioning,

- Clear and focused goals,

- Challenging tasks/ well ordered problems,
- Learning through Doing,

- Strategic thinking and Problem-solving,

- On demand information and Immediate Feedback,
- Graphic and Sound,

- Narration and Interaction,

- Authenticity,

- Collaboration and competition,

- Back-story and Choices, and

- Critical reflection.

With the perspective of game designer and science educator looking at developing
innovation for science teaching and learning, the compelling aspects of game obtained are
considered and set into 2 groups: the educationally potential elements of gameplay

activities and engaging devices of game design. The educationally potential elements of
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gameplay activities were used for developing learning approach and science learning
activities while the engaging devices of game design were used for designing and

developing the computer game program. The game elements and devices proposed are

shown in TABLE 1.

TABLE 1 ANALYSIS OF GAMEPLAY ELEMENTS AND GAME DESIGN DEVICES

Devices of game design Elements of gameplay

for developing the computer game for developing LPPL and learning
activities

1. Story design 1. Clear goal

-Back story & choices 2. Challenging tasks/welled ordered
2. Sound and graphic Problems

- 2D and 3D 3. Learning through doing

3. Narration and Interaction 4. Strategic thinking & problem solving
4. Guiding and feedback 5. Collaboration & competition

6. Critical reflection

7. Authenticity

In this study, the researcher has tried to balance academic content, game
elements, framing narratives and legitimate participation to set up the academic play space
(FIGURE 3) where learners as players feel free and enjoyable to undertake their task or
problems in authentic, meaningful and engaging learning environments. As such, the
researcher fused the ideas of educationally potential elements of gameplay and those of

engaging learning to set up a novel epistemic platform for science learning experience.



48

Epistemic platform

Academic
contents

Framing
Narrative(s)

Game
elements

Academic play
space

Legitimate
participation

FIGURE 3 Core elements of an Academic Play Space

Source: Adapted from Barab, S. et al. 2006, Academic Play Space. P. 6.

In developing the epistemic platform for this study, the researcher used the
framework of epistemic games developed by Shaffer (2005a). Epistemic games (Shaffer.
2005a) are games that simulate the learning practices, or practicum, of a particular
profession. That is, instead of simulating the actual or “ordinary” work practices of a
profession, an epistemic role-playing game lets players experience the process by which
members of a profession are trained. Building on Schon’s (Schon. 1987) work, Shaffer have
argued elsewhere that the participant structures of a professional practicum are designed to
develop the unique epistemic frame (Shaffer. 2005b) of a profession: the values, identity,
and epistemology of a practice that organize the knowledge and skills of the community.
Through the practicum, novices come to see themselves as particular kinds of people,
people who know particular kinds of things, who are able to perform particular kinds of
activities, who judge the success and even importance of their activities based upon

particular values. This work guides the creation of the epistemic platform for science
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learning experiences using digital game technologies and also incorporating game
elements into the design. Interacting with this kind of learning, students will think and work
as real scientists in engaging and meaningful learning environment.

In game based learning, there are some suggestions on time invested in learning.
In the early time of the studies of simulation game in learning, Richard L. Wing (1962: 161-
162) who studied on using computer-based economics games for sixth graders reported
that game-time was considerably smaller than classroom-time. The mean game-time
invested per pupil is approximately only 15 hours, while classroom-time is 30 hours for a
whole set of playing and learning activities. In another recent study, Lauber Erick (2005:
54), who studied on developing educational game entitled Rock and Roll High School that is
used in classroom setting, suggested that as software designed for the classroom must be
much more efficient in what it accomplishes, gameplay must either be integral to the
mastery of the content or, gaming episodes must be very carefully constructed to limit
playing time. Each episode of gameplay can be completed in one 50-minute session.
The game content can be broken into 6 to 12 modules, making it useful for one or two
semester sequence. In the educational system in Thailand, science class time in (upper
secondary) level 4 is normally set to be one-three 50-minute periods each week in one
semester depending on subject matter and learning credit. As a result, in this study, the
researcher set time for completing the whole class gameplay and learning activities to be 12
periods of 50-minute long that were divided into three learning units. Each learning units has

its own game episode.

SECTION 4: An active Learning Approach to Science Learning and Assessment
in Digital Games-Based Learning

In this section, information regarding learning theories in which this study is rooted
in and related research on active learning approach that counts for science learning and
digital game-based learning is provided and discussed. It is our belief that in the context of
game-based learning, learning involves both within  and outside gameplay.
Thus, developing the particular approach for this particular kind of learning is needed.

For this purpose, digital game pedagogy, called the Learn to Play and Play to Learn
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Approach, is developed. The approach is grounded in current learning theories.
As discussed earlier in the previous section, learning through playing digital game based
environment is considered to be consistent with constructivist theory of learning. Moreover,
to get a whole and clear picture of learning through digital game-based learning in term of
learning as activity, three more learning theories, which are situated learning, activity and
scaffolding theories, are also discussed in order to set up the guidance for the development
of epistemic platform for science learning with a computer game in this study. As such, the
constructivism is discussed in the field of educational technology in general and in digital
game base learning in particular and the discussion of the other three learning theories offer

complementary views of this kind of learning.

4.1 Current Perspectives of Science Pedagogy

Since philosophy of science have changed from that science is a body of
knowledge to that science is the way of knowing, science pedagogy has also changed.
This changing and reformed pedagogy provide students with the opportunity to solve
complex problems using the same methodologies and reasoning skills that scientist
researchers use. Such pedagogy has an advantage in that it provides students with
opportunities to develop the long-term strategies of inquiry that sustain and guide practicing
scientists. The philosophical framework post-socratic pedagogy has become known, in
short, as the 3P’s of science education: that is, science and science learning involves
problem posing, problem solving, and peer persuasion (Peterson; & Jungck. 1988).
Hennessy (1993) describes classroom practices where students have opportunities for
discovering, recognize that there may be multiple ways of solving a problem, and believe
that they are able to invent ways to solve problems. In the class that Hennessy describes,
students are explicitly taught heuristics and encouraged and expected to use meta-
cognitive strategies to assess their knowledge and actions through a process of cognitive
apprenticeship. During cognitive apprenticeship, the teachers with expertise in the field
guides the young future scientist to gain an understanding of science knowledge by solving
historically classic problems or types of problems in the discipline. Jungck and Calley’s

post-socratics, 3P’s pedagogy is a type of cognitive apprenticeship that ensures that all
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students have an opportunity to solve new, previously unsolved scientific problems by
explicitly using software to facilitate this process. In successful post-Socretic 3P classes,
the teacher acts as a senior co-collaborator in a research laboratory (the classroom) while
the students function as the junior researchers, thus mirroring the culture of the actual larger
science community.

Hennessy (1993: 2) also describes learning experiences in domain-specific areas
that are authentic to practice in this area as situated cognition. Situated cognition
recognizes the critical role of the social and physical circumstances where students do not
merely mimic what expert does, but are cognitively guided to discover or invent the
strategies and conceptual links that lead to expertise. Situated cognition is,” learning (as) a
process of enculturation or individual participation in socially organized practices, through
which specialized local knowledge rituals, practices, and vocabulary are developed”
(Hennessy. 1993: 2). Situated cognition requires identification of students’ prior knowledge
and use of constructivist approaches to help students build and think critically about their
knowledge and strategies for solving problems. Work in cognitive apprenticeship, or
situated cognition, shows that learning is most successful when embedded in meaningful
and authentic inquiry. In addition, small group collaborative work and classrooms that
require students to articulate and defend their ideas result in higher achievement, more
positive attitudes and better retention particularly in female and minority groups under-
represented in the sciences (Beichner; et al. 1999).

Such theories in science education emphasize how construction of knowledge is a
social process, whereby the learner internally, through correlation to personal observation,
and externally, through discussion with others, negotiates the validity and importance of
knowledge to be stored in short or long-term memory (Simon. 1981). If science (Knorr-
Cetina. 1983; Latour. 1987) and knowledge production (von Glaserfeld. 1989) are socially
based activities, then teaching science in a way that de-emphasizes and neutralizes the
importance of the social setting is literally robbing students of opportunities to construct
deep and lasting knowledge of the biological and physical world through an educational
process that also empower them with an understanding of the process of science as a

powerful and useful epistemological tool. Science educators have argued that if students
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construct knowledge in a social realm, then it is important to provide them with collaborative
experiences that are carefully scrutinized in regards to their role and effect in the learning of
science (Finklel. 1996). The constructivist views held by the educational community unites
the knowledge gained by research in cognitive science with knowledge from educational
psychology. Constructivism is a cornerstone for theories of learning, such as the
conceptual change model (Posner; et al., 1982; Hewson. 1981), theories regarding the
nature of science as a practice (Latour. 1987; 1993), and a philosophical framework for
structuring science learning classrooms that model scientific communities (Peterson; &
Jungck. 1988).

The theoretical framework adopted and adapted from work of cognitive scientists
have been particularly influential in the problem-solving literature in science teaching and
learning. A key difference between problem solving in knowledge-rich task domains and
problem solving task in high school science, is that the answer to textbook problems is
known in advance while in authentic, domain-specific problem-solving tasks, the problem
solving is forward looking because it is an attempt to find an answer to a previously
unsolved problem. Students view problem solving in such situation as part of their everyday
working knowledge

Thus, problem solving in science learning should be arranged in ways that students
are provided with opportunities to face new authentic problem-solving tasks that require
them to use higher order cognitive skills. Problem solving is one of considered higher order
thinking that involves various kinds of other thinking skills.

According to Tsaparlis and Angelopoulos (2000: 131), problem solving is a method
or process in which learners discover new knowledge and skills that they learned or
engaged in a different context or a new situation by using a problem solving process.
Gilhooly (1989) defined problem solving as a process of changing from one situation to
another one that is targeted. The problem solving process is claimed to be one type of
higher order thinking skills that involves learners in analyzing, synthesizing, and generalizing
(Dundis. 2003). Sharan (Marlowne; & Page. 1998: 19; citing Sharan. 1985) suggested that
students could learn best through problem solving activities, particularly in the investigation

process in which they organize and assimilate the experience. Problem solving process is
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considered to help students develop logical and higher-order thinking skills. Problem
solving activities will stimulate students in active learning and solving various kinds of
problem and also enhance creative and critical thinking skills and problem solving skills
(Neo; & Neo. n. d.: 2; citing Tan. 2000). Moreover, the process of problem solving also
requires collaborative work. There are supportive evidences from many research studies
reporting that verbalization of thinking process during problem solving activities can
facilitate in creating solution to problem and learning (Andre. 1986). Thus, problem solving
is an appropriate strategy for science teaching and learning (Brophy. 1998).

Process of problem solving has been proposed by various groups of academic
scholars. For instance, Dewey (1933) introduced a five-step inquiry model for problem
solving which is known as the scientific method. The steps of the method is shown as
follows:

1. Preparation: to define the problem,
Analysis: to formulate tentative hypothesis,

Production: to collect, evaluate, organize, and interpret data,

A w0 N

Verification: to reach conclusions, and

5. Reapplication: to test those conclusion.

Another scholar is Gipps (2001: 1-2) who suggests seven steps of problem solving

in scientific inquiry method. The steps of the method is shown as follows:

1. Selecting a question to investigate,
Defining the problem,
Designing plan or experiment,
Trying out the plan or experiment,
Re-designing the plan or experiment,

Trying out the re-designed plan or experiment, and

A S N R

Finally interpreting the result
For learning and teaching in Thailand, Tissana Khaemanee (2002: 310-311)
proposes five steps of problem solving process shown as follows:
1. Observation: stating problem by searching information,

2. Analysis: analyzing cause and effect of the problem and ordering i,
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3. Selection: selecting strategies or problem solving methods,
4. Exploration: exploring the proper solution to problem, and
5. Conclusion: concluding by analyzing the output of using the solution.

As mentioned previously, in doing problem solving activities, students are required
to use various kinds of thinking process such as analytical thinking in analyzing what the
cause of problem really is, or evaluative thinking in evaluating proper solution to solve the
problem. Such thinking process requires complex and many steps of related thinking.
Strategic thinking is considered to be directly related to problem solving process.
Moreover, this kind of thinking also involves decision-making and planning

In science education, strategic thinking is hardly mentioned in literature.

The researcher thinks that this kind of thinking could facilitate students in their problem
solving activities of learning in science. Kraengsak Charernwongsak (2003: 22) defines
“strategic thinking” as ability to determine optimum or the best way to accomplish the
intended goal under any problematic and uncertain circumstance. Strategic thinking is the
thinking that fully consists of process of finding the best way to solve the problem and
planning step by step to reach the intended goal. This kind of thinking sometime can be
considered as the process of finding strategy to solve the problem by searching for many
alternative ways before solving that problem in real situations (Demorest. 1986). The notion

mentioned before can be pictured as follows:

Problem ——» | Action — | The intended goal
Alternative Alternative Alternative
strategy 1 strategy 2 strategy 3

FIGURE 4 Problem Solving

Source: Adapted from Kraengsak Charernwongsak. 2003. p. 10.
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According to Kraengsak Charernwongsak (2003: 15-18), strategic thinking is

characterized as follows:

1.

> N

6.
7.

Strategic thinking is considered as a process,

Strategic thinking involves analyzing and evaluating,

Strategic thinking involves predicting,

Strategic thinking involves searching alternative ways and evaluating them

before taking on action,

Strategic thinking involves step by step planning,

Strategic thinking is flexible in term of change in situation, and

Strategic thinking is focusing on the intended goal.

From the characteristics of strategic thinking mentioned above, the process of

strategic thinking can be summarized in the Figure 5 below:

Analyzing/ evaluating
environment / situation Searching
alternative —>
Analyzing/ evaluating strategies
strength and weakness / E E ‘\‘
G

Testing/ Evaluating

/N

Planning |- | Doing
Evaluating
K
Failing
Succeeding

Alternative strategies

B el

FIGURE 5 Process of Strategic Thinking

Source: Adapted from Kraengsak Charernwongsak. (2003: 23).
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According to the FIGURE 5, the seven main steps of strategic thinking process are
shown as follows:
1. Selecting the intended goal,
Analyzing and evaluating the situation,
Searching alternative strategies,
Planning strategy,
Planning the parallel strategy,
Testing in simulated situation

Taking action, and
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Evaluating the whole process.
For science teaching and learning, it is believed that strategic thinking is a powerful
tool in helping students in problem solving process of science learning, especially in a

computer game-based science learning in this study.

4.2 An Active Learning Approach to Science Learning in Digital Game Based

Learning

Given those perspectives of science pedagogy mentioned previously, it is believed
that digital game based learning can fit well with this current form of science pedagogy.
Besides that, this kind of learning needs a particular approach in order to reach an
effectiveness of science learning. Therefore, the Learn to Play and Play to Learn (LPPL)
Approach is developed. In developing the epistemic platform and designing science
learning experiences with a computer game in this study, LPPL is grounded in four main
influential learning theories which are as follows: constructivism, situated learning, activity,

and scaffolding learning theories. These theories are discussed respectively.

Constructivism

Educational theories have always influenced work in educational
technology, including digital game based learning. From the mid-sixties, the instructivist
approach to designing learning situations was popular. However, constructivism has been
the dominant paradigm in learning theories for the past 20 years (Kim Issroff & Eileen

Scanlon. 2002: 8). Its focus on considering how knowledge is developed by learners
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through experience has been a source of inspiration for educational technologists in the
design of appropriate learning experiences. As one of the emerging fields of educational
technologies, digital game based learning is set the constructivist view to be central to
designing learning experience for learners. In digital game based-learning, it is his/her role
in playing an active role to construct his/her own knowledge by getting help from teacher or
guiding systems of game programming.

Constructivism is the influencing notion on learning. Its main idea is that
learning is construction of knowledge. It emphasizes an explorative learning process
through which learners relate new knowledge to their previous knowledge and beliefs,
modifying their ingrained concepts and changing their own understanding. The next few
paragraphs review the primary components of most constructivist learning philosophies that
are used to be a guide in building a constructivist digital game-based science learning
environment for this study.

The writings of Piaget are considered to be the foundation for constructivism
(Phillips. 1995; Smith; & Ragan. 1999). Piaget's genetic theory based on principles of
evolutionary biology was the basis for his theory of cognitive growth. For Piaget, it is in the
nature of the organism (and the student) to be active (Fancher. 1990). Pedagogically, this
view “focuses on the interactive, dialogic relationship between the learner and the learning
environment, including the material presented by the teacher” (Doll. 1993: 81). Piagetian
ideas are also credited with leading to the characterization of the child as a problem-solver,
emphasizing learning as active invention (Bruner. 1986). Piaget also assumes that there will
be a certain inertia in students that makes it likely that they will “continue in past patterns as
long as possible” (Doll. 1993: 83). Thus, the environmental (i.e., learning environment)
conditions must be such to invoke a “deeply felt” (Doll. 1993: 83) disequilibrium. For Piaget,
the teacher’s job was both to foster a deep sense of disequilibrium while at the same time
constraining it to manageable levels so that the student does not get overwhelmed.
Vygotsky, the 20th Century Russian educational theorist, provided a foundation for socio-
cultural theories of learning that have become part of the constructivist tradition. Vygotsky
considered that cognitive development was “inherently integrated with social and emotional

development” (Forman; & McPhail. 1993: 215-216). Vygotsky’s central theoretical concept
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was the notion that socially shared activities are transformed into individual mental
processes and cognitive development (John-Steiner; & Mahn. 1996; Vygotsky. 1978). This
expands on Piaget’s view of the importance of learning in interaction with the environment to
stress the central role of the cultural context in which that learning takes place.
Interpersonal social interaction of a learner with his or her peers and with the teacher is
considered a key pedagogical strategy to facilitate learning.

Other constructivist strains have grown out of Vygotsky's ideas linked with
anthropological and cognitive theories. Anthropological research in the early 1990s on
problem solving within cultural groups outside of the institutions of school (e.g., Lave; &
Wenger. 1991; Rogoff. 990) led to the notion of situated learning where cultural and
contextual clues supported the learner in the context of realistic activities. For instance,
children in some cultures were shown to have facile computational skills for money
changing in the context of selling in spite of their lack of knowledge of school-based
arithmetic. Such contexts are considered more “authentic” because the nature of the task
(e.g., exchanging money) grows out of some more basic need than simply a need to know
arithmetic. The notion of situated learning will be discussed in details in the next part of this
section.

From the respects mentioned above, it could be summarized that the main
pedagogical components commonly associated with constructivism. First, a cognitively
engaged learner who actively seeks to explore his or her environment for new information.
Second, a constructivist pedagogy often includes a hands-on, dialogic interaction with the
learning environment. So, for example, manipulating unifix cubes in early mathematics
would be considered critical to learning early math concepts. Or, for another example,
actually designing software is preferred to simply being told how to design software. In this
case, the “dialogic” nature of the task is the learner struggling with the constraints of the
design environment. Third, a constructivist pedagogy often requires a learning context that
creates a problem-solving situation that is authentic in nature. Another way of saying this is
that the learner is placed into a context in which the environment itself provides a context in
which the information to be learned or applied makes sense as a satisfaction of a

reasonable learning goal. Such situations can be, for example, a design context where the
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solutions are constrained by the materials, tools and processes available. Fourth,
constructivist environments typically include a social component often interpreted as actual
interaction with other learners and with mentors in the actual context of learning. While some
have argued that a learner’s interaction with cultural artifacts (e.g., a software program) can
be counted as “social”, it is safe to say that most constructivists consider human-to-human
interaction primary. Over the last four decades educational learning theory has evolved
from behaviorism through cognitive information processing to the current emphasis on
constructivism. An example of a pedagogical strategy arising from a behaviorist tradition is
including practice and repetition as a fundamental part of the learning process. Cognitive
information processing theories hold that there are fundamental principles guiding how
people learn and those principles can be derived from how they process information.
For instance, a familiar information processing principle holds that people cannot handle
more than seven plus or minus two items comfortably at any one time. Such a principle
leads directly to an instructional design strategy that suggests presenting from five to nine
items at any one time to the learner. Both the behaviorist and the information processing
views typically consider that there are domains of knowledge and the teacher’'s (or
instructional designer’s) job is to transmit the facts and concepts of the domain to the
learner through lectures, recitations, or planned instructional sequences. Further, instruction
should provide for review and practice until the learner has mastered these facts and

concepts.

Situated Learning Theory

One of the most significant trends of the past 10 years has been an
appreciation of the role of context and social processes in learning. In the late 80’s a
seminal paper in educational research, Brown, Collins and Duguid (1989) outlined the
assumptions of the situated learning approach. Even more recently, there has been
increased attention paid to the role of social interaction in learning, largely based upon the
work of Vygotsky, with an emphasis on the role of language and therefore dialogue. The
implications of this shift have been well explored for educational technology in Jones and
Mercer (1993). Littleton and Hakkinen (1999) in their review of current research on

collaborative learning explain the extent to which the dialogic view of knowledge
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construction has had an impact on research methodologies and data interpretation in this
area. They conclude that studies influenced by Vygotskian theory have advanced our
understanding of collaborative learning, but that to make progress, we need to integrate a
fuller understanding of the cultural context of the learning situations.

Situated Learning was an important issue in American educational psychology
during the late 80s and early 90s. Situated Learning attracted the attention of the academic
world when Brown, Collins & Duguid (1989) worked on the discussion on situated cognition
and situated learning. Brown, Collins, & Duguid (1989) and Lave & Wenger (1991) define
situated learning theory as embedded within and inseparable from participating in a system
of activity (Chaiklin;& Lave.1993; Lave.1988) deeply determined by a particular physical and
cultural setting. The unit of analysis is neither the individual nor the setting, but instead the
relationship between the two, as indicated by the student’s level of participation in the
setting (Barab;& Plucker.2002). As such, at this time knowledge was considered to be
constructed and learning was better to occur in realistic situations.

The formation and meaning of knowledge is elucidated from the perspective of
learning by doing and practical intelligence. According to Collins (1989), the view of
situated learning provide teachers with the following benefits:

1. Learners learn to use the knowledge they gained in various situations.

2. Learning in various situations enhances the learners’ creativity.

3. Learners learn how to use the knowledge they have gained.

4. Various situations generate knowledge with a range of applications.

Studies of apprenticeship in “communities of practice” (moving from newcomer to
expert within a sociocultural structure of practices) which are a central construct for situated
learning (McLellan. 1996; Kirshner & Whitson. 1997; Wenger. 1998; Wenger; McDermott; &
Snyder. 2002). Brown, Collins and Duguid (1989), in their study, proffer the graduate
student experience as an example of apprenticeship in a community of practice
(FIGURE 6). As part of their academic program, graduate students evolve from pupils to
researchers through a series of learning activities embedded within a specific community of
practice. In essence, situated learning requires authentic contexts, activities, and

assessments coupled with guidance based on expert modeling, situated mentoring, and
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legitimate peripheral participation. For example, graduate students may work within the
laboratories of expert researchers, who model the practice of scholarship. These students
will interact with experts in research, as well as with other members of the research team
who understand the complex processes of scholarship to varying degrees. While in these
laboratory settings, students gradually move from novice researchers to more advanced
roles, with the skills and expectations for them evolving (legitimate peripheral participation).
In contrast to courses, students learn the knowledge and skills expected of them in their
future research careers through modeling, mentoring, and legitimate peripheral
participation. For secondary science education, the theory implies that science experiences
for students should be arranged in such a way that students should be provided with
various opportunities to work with experts and manipulate variables with the help from

experts whom they work with. The experts mentioned here are expected to be teachers.

Community: Learning as

Belonging

Practice: Learning as Identity: Learning as

Doing/Playing Becoming

Meaning: Learning as

Experience

FIGURE 6 Community of Practice

Source: adapted from Wenger. 1998.

Activity Theory

Conceptualizing practice conceived broadly enough to capture the
individual’'s goals and intentions, the tools, and resources employed in practice, and the
social organization and institutions that mediate practice — all within empirically grounded
cases, is challenging. Restated, how can one theoretical framework account for both the

moment-to-moment interactions that constitute gameplay (including the player’s goals and
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intentions) while also accounting for the broader socio-cultural contexts that situate the
activity?

Over the past decade, socio-cultural psychologists have been struggling with
this issue, and proposed Activity Theory as one theoretical framework for understanding
how human activity is mediated by both tools and cultural context (Engestréom. 1987; 1993).
For an Activity theorist, the minimal meaningful context is the dialectical relations between
human agents (subjects) and that which they act upon (objects) as they are mediated by
tools, language, and socio-cultural contexts (Engestrom. 1987; 1993). A generic activity
theory system is portrayed in FIGURE 7. Subjects are the actors who are selected as the
point of view of the analysis. Objects are that "at which the activity is directed and which is
molded or transformed into outcomes with the help of physical and symbolic, external and
internal tools" (Engestrom. 1993: 67). As such, objects can be physical objects, abstracted
concepts, or even theoretical propositions. Tools are the concepts, physical tools, artifacts
or resources that mediate a subject’s interactions with an object. The community of a
system refers to those with whom the subject also shares transformation of the object; the
cultural-historical communities in which a subject's activity is situated. Communities

mediate of activity through division of labor and shared norms and expectations.

Tools

Subject Object

— Oultcome

AR

- B

Division of
Labor

Rules Connmmity

FIGURE 7 Visual Depiction of an Activity System

Source: Engestrom, Y. (1993). Developmental Studies of Work as a Test Bench of

Activity Theory: The Case of Primary Care Medical Practice. p. 66.
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Understanding the basic components of an activity system can be a useful way
of mapping and categorizing key components of experience. However, for Activity
Theorists, it is not the presence of these components in isolation that make for meaningful
analysis, but rather, the interactions within among these components. Engestrom (1993)
refers to such relations as primary and secondary contradictions. Primary contradictions
are those that occur within a component of a system (e.g. tools), while secondary
contradictions are those that occur between components of a system (e.g. subjects and
tools). In a situation where Civilization /Il is used in formal learning environments, one might
imagine tensions between winning Civilization I/l and learning social studies as the object of
an activity system, depending on whether the student or the teacher is the subject of the
activity system. Predicated on Hegelian / Marxist philosophy, activity theory suggests that
the synthesis and resolution of such contradictions brings change and evolution to the
system, and activity theorists argue that characterizing the tensions of an activity system
can help participants understand and react to changes in the system.

Activity theory offers a theoretical framework with strong intuitive appeal for
researchers in examining educational games and creating game-like or game-based
learning. Growing out of Vgotsky’s discussion of the mediating role of artifacts in cognition
(1978), activity theory provides a theoretical language for looking at how an educational
game or resource mediates players’ understandings of other phenomena while
acknowledging the social and cultural contexts in which game play is situated. Learning is
conceptualized not as a function of the game itself - or even a simple coupling of the player
and game; rather, learning is seen as transformations that occur through the dynamic
relations between subjects, artifacts, and mediating social structures.

Drawn on the activity theory, creating a game-like science learning should be in
such ways that learning activities provide learners with opportunities to interact with tools,
manipulate change and communicate with others in community of learning. In fitting this
digital game-based learning into the current form of science teaching and learning, the
researcher assumes that there is particular approach to this kind of learning with digital
game. As such, a Learn to Play and Play to Learn learning Approach (LPPL) is developed

for this purpose. In this study, the LPPL is considered as an active learning approach to this
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digital game-based science learning. In term of learning as active activity, LPPL is set to
facilitate learning by embracing the view of activity theory. Using activity theory as a guide
for setting the interaction in the social context in and out of gameplay, the researcher looks
at game based learning as a whole picture of the two main phases: 1) gameplay activities
and 2) social context around gameplay activities. Students will play active roles involved
with both two phase of learning while teachers play roles as experts in gameplay and as
facilitators in social context out of gameplay. In the views of teacher-student interaction
happening in this game based learning activity, scaffolding theory is used to explain what

kind of learning happens in this learning context.

Scaffolding theory
The term "scaffolding" was initially introduced by Vygotsky (1989) as tutoring
or other assistance provided in a learning setting to assist students with attaining levels of
understanding impossible for them to achieve without assistance (Brush; & Saye. 2001).
Scaffolds are tools, strategies, and guides that support students in attaining a higher level of
understanding (Hannafin; et al. 1999; Vygotsky. 1989). According to Vygotsky (1989),
scaffolding is helping learners develop their own evolving knowledge through interactions
with other people. Vygotsky (1989) viewed scaffolds as personal aid provided by a teacher
or peer to help with the learning process. Vygotsky believed that learners construct their
knowledge by interacting with other members of society and cannot be understood apart
from the cultural settings. This theory suggested that teachers need to do more than just
arrange the environment for students in order to discover on their own. This means that
teachers should assist or guide students’ learning rather than transmit knowledge to them.
Assisted learning requires scaffolding, which is the support for learning and problem
solving.
According to Vygotsky (1989), there is a zone between what learners can do by
themselves and with assistance. The zone of proximal development (ZPD) is a phase at
which a learner can master a task if given appropriate help or support (Woolfolk. 2001).

As the definition by Wertsch and Resnick (1991), the zone of proximal development is an
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area where the learner cannot solve problems alone, but can be successful under adult
guidance. This is the area where instruction can succeed, because real learning is possible.

Recently, the concept of scaffolding has been broadened to include a multitude
of different tools and resources that can be used by students to assist them with
instructional activities (Brush, & Saye. 2001). According to Rosenshine and Meister (1992),
assisted learning includes: (a) adapting materials or problems to students’ current levels, (b)
demonstrating skills or thought process, (c) walking students through the steps of a
complex problem, (d) doing part of the problem, (e) giving detailed feedback and allowing
revisions, and (f) asking questions that focus on students’ attention.

Drawn on the four learning theories discussed above, an active learning
approach to science learning with a computer game, called Learn to Play and Plat to Learn

learning approach (LPPL). LPPL is developed and shown in the following FIGURE 8.

Science learning experiences

Learn to Play Play to Learn

Active problem solving,

Researching, Reasoning,

Reflecting Abstract

conceptualization

SOCIAL CONTEXT

GAMEPLAY

FIGURE 8 The Learn to Play and Play to Learn learning Approach (LPPL)

The Learn-to-Play and Play-to-Learn Learning Approach (LPPL) is an active
learning approach developed for use in the game-like science learning environment that

students will construct their own understandings through performing tasks /solving problems.
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The approach consists of two main inter-switchable phases including learn to play phase and
play to learn phase.

In the Learn to Play phases, this phase is considered as a social process that
occurs outside the gameplay activities. This phase consists of three main steps: researching,
reasoning, and reflecting. Before playing any kind of games, players need to know and
understand whom they are, what they are going to do in gameplay, what knowledge and skills
they have to acquire before entering gameplay. Thus, this phase is set for player orientation and
preparation. In order to accomplish the task or solve the problem, students as players will be
oriented before entering the gameplay phase. Students will plan and determine what
knowledge and skills needed, such as setting up the goals, developing characters in gameplay,
etc. After that, they will be seeking out information they needed by researching, reasoning, and
reflecting both individually and collaboratively. In short, in this phase, students have to find the
way to play the game, such as developing identity for gameplay or modeling gameplay activities
by (1) researching information about knowledge and skills needed for the next phase of
gameplay, (2) reasoning to understand the relationship among information for identifying
possible solutions and eliminating the impossible solutions and (3) critically reflecting on what
they know and how they know by discussing with peer along with facilitators (teachers).

In the next step, the Play to Learn phase, this phase involves active problem
solving and abstract conceptualization. In this gameplay phase, students as players will
encounter with various kind of situations that can be problems or tasks for them to accomplish.
They will perform the tasks by connecting what they have learned from the learn to play phase to
new knowledge in this phase. In addition, students will employ various kinds of strategies to
accomplish the goals of gameplay. For this purpose, they may use inquiry method to solve
some problem or accomplish the tasks. After they finish the first task, they begin working on the
next related problems or tasks.

These two phases of the LPPL approach are inseparable in term of dynamic
learning process. Each stage in both phases is switch to one another depending on
student's/player’s preferences and problem solving or tasks management. This can be shown

as follows:
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FIGURE 9 Details of the process of the LPPL
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It is our belief that in this study, this learning approach will be fit very well with the

game-like science learning. It is expected that this learning approach can help students learn

effectively in this engaging and meaningful learning experience.

4.3 Science Assessment in the Context of Game-Based Learning

According to change in philosophy of science, resulting in change in the way of

science teaching and learning, science assessment evolves consistently. As thus, authentic

assessment is one of emerging methods that can fit very well with this kind of paradigm

shift. In game-based learning environment, learning through context of gameplay activities

is considered as authentic problem solving. Therefore, performance assessment should be

in consistency with this kind of science learning.
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Performance Assessment

Science reform efforts (American Association for the Advancement of
Science (AAAS). 1993; National Research Council (NRC). 1996) have called for changes in
practice of science learning and teaching in a way that students should be more involved in
their own learning based on learning philosophy that student understanding is facilitated by
active involvement. As such, change in science assessment is required. The science
reforms have required that students must be assessed on their scientific reasoning and
understanding rather that only their discrete scientific knowledge. Performance assessment
is in the line with the kind of reform. This type of assessment may be problematic to define.
Champange and Kouba (2000: 226) address that the term “performance assessment “ is
abundant in alternative definition. They also state that performance assessment involves
data such as student writing being analyzed” not only on the scientific accuracy of writing
but also on the quality of the reasoning “. According to Stenmark’s (1991: 13) definition of
performance assessment,” this type of assessment involves presenting students with a task,
project, or investigation, then observing, interviewing, and looking at their product to assess
what they actually know”. Shavelson, Baxter and Pine (1992) propose that performance
assessment is characterized by students performing concrete, meaningful tasks scored on
the reasonableness of the procedure not simply on achieving the correct answer. Thus, this
implies that using student performance to assess understanding of scientific process and
concepts is the proper way of assessment that fits very well with the new mode of learning in
constructivist learning such as game-based learning. Well-designed assessment tasks not
only assess student understanding but also teach concepts and require them to explain and
communicate their solution (Darling-Hammond; & Folk. 1997; Shepard. 2000).

According to Shepard; et al. (1998), performance assessment is advantageous
because it provides the opportunity to examine the process as well as the product and
represents a full range of learning outcomes by assessing student writing, products, and
behavior. In addition, this type of assessment allows teachers to assess higher order
thinking skills and deeper understandings. (Firestone; Mayrowets; & Fairman. 1998). Kelly
and Kahle (1999: Abstract) found that science students who carried out performance

assessment tests were better able to explain their reasoning and conceptions than students
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who took traditional tests. This implies that working through performance assessment tasks
can lead students to deeper understanding. Accordingly, performance assessment can
also be used to assess students’ strategic thinking reflected in problem solving process.
As gameplay activities involve learning through doing, performance assessment is perfectly
suited to the digital game-based science learning in this study. In the epistemic platform of
the study, the tasks/problems of the gameplay activities are designed for learners as players
to perform various kinds of task that required them to work collaboratively within their group
and competitively between groups to reach their final work. As thus, incorporating
performance assessment strategies into this kind of learning is seemed to be in line with the
efforts of reforms of science education. Besides the performance assessment, the

researchers will also examine students’ attitude toward science learning.

SECTION 5: Nanoscience and Nanotechnology Education in Secondary Science

As a sequence of the fast growing studies of the cutting edge nanoscience and
nanotechnology which have been impacting on our daily lives and a very little
understanding of these core concepts public has, there are different ideas people have in
whether or not we should develop these ideas. This can be very useful for better lives in the
near future as well as very dangerous and risky for public health and our environment.
This ambiguity can be blurred by developing our understanding of basic science concepts
of nanoscience and nanotechnology. Thus, it is required that the educational community
has to have a commensurate response in increasing students' understanding of core
concepts in the field. Whereas numerous nano-scale science and engineering programs
exist at the undergraduate and graduate levels, there is a strong need for nanoscience and
nanotechnology education in earlier grades, both to increase students' scientific literacy and
to prepare them for further study in the field.

Including nanoscience education in the high school curriculum would do more than
bring nanoscience concepts "down" to the high school level. It would also introduce a much-
needed interdisciplinary element into the disjoint high school curriculum, since nanoscience
brings together concepts from physics, chemistry, and biology, as well as related areas

such as materials science and engineering. It would provide a way to revisit the core



70

concepts from these domains and view them through a different lens. Nanoscience and
nanotechnology education can support understanding of the interconnections between the
traditional scientific domains, reflecting the unity in nature and providing compelling, real-
world examples of science in action.

In designing learning experiences for students, it is not just to develop the content
of the core concepts of nanoscience and nanotechnology but also to design learning
activities that make them understand the core concepts easily in a meaningful learning
environment. In so doing, it is, however, very hard to bring every real learning materials
needed for introducing students to nanoscience and nanotechnology. For example,
bringing Scanning tunneling microscope (STM) to class and buying real nanomaterials for
learning activities in class is very expensive for school and teachers. But there is an
alternative way for students to be exposed to the experience like that. It is a virtual and
simulated world created by computer that can immerse students into learning environment
where they can make meaning easily in a meaningful learning environment. Moreover,
using computer, we can design learning setting to get students into interactive environment
where they can do learning activities, complete the tasks which can lead them to successful
learning. Computer offers various kinds of E-learning. One of the latest forms of E-learning
is computer game which, if well- designed, provide students with good learning experience.
Thus, putting students in learning environment that is very meaningful for them can lead
them to successful learning. Using compelling features of computer games and lesson from
research on science teaching and learning, the researcher will design science learning
environment that motivate and engage students to learn nanoscience and nanotechnology
in the way that students can control themselves in learning. In this study, the development
of epistemic platform for science learning with a computer game can be thought as the
frames that are similar to computer game-based learning environment. Students will learn in
the real world problems and complete the tasks that can develop their understandings and
thinking skills necessary for daily life activities.

In designing this kind of learning, it is necessary to start with analyzing the content
and setting up the goals and learning objectives. In this research study, the researcher

analyze the core concepts of nanomaterials and its applications that are currently used and
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presented in market to design the epistemic platform, a game like learning. By looking in
particular at the unique properties of 4 main kinds of nanomaterials including nano Ag, nano
TiO,, nano Zn0O,, and carbon nanotube, the researcher will design and develop the
epistemic platform where students can develop science process, thinking skills and learn
new science concepts of nanomaterial that are in line with the Thai national science
curriculum standards.

In fitting nanoscience and nanotechnology into high school science, the thing that
has to be taken into consideration is national science curriculum standards that are
prescribed for teachers in implementing science teaching and learning at all levels. When
analyzing basic science concepts of nanoscience and nanotechnology, by comparing the
concepts of nanomaterial in particular to national science curriculum standards, it is found
that there is the alignment between both of them. The basic science concepts of

nanoscience and nanotechnology address the standards are shown below:

National science curriculum standards

Sub-strand 3 :Matters and Properties of Matters

Standard Sc 3.1 :The student should be able to understand properties of matters,
relationship between properties and structures and forces among particles, have
skills in investigative processes and possess a scientific mind, communicate

acquired knowledge and make positive applications of knowledge.

Standard Sc 3.2 :The student should be able to understand the principles and
nature of change of states of matters, formation of solution, chemical reaction,
master investigative processes and possess a scientific mind, communicate

knowledge acquired and apply it positively.

In analyzing the concepts of nanomaterial, the basic science concepts of

nanoscience and nanotechnology are obtained and set as follows:
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1) the idea of nano-scale is set in the unit 1 of the emergence and development
of nanoscience and nanotechnology

2) physical, biological, and, chemical properties of nanomaterials,

3) synthesis of nanomaterials and other fabrication methods,

4) nanoproduct production and development, e.g., nanoclothings
Topic 2), 3) and 4) are set in the unit 2 of fabrication and application of
nanomaterial,

5) nanoscience and nanotechnology ethics is set in the unit 3 of impact of The
impact of nanomaterial use on human, society and environment.

When considering the national science curriculum standards and looking at the
content of nanoscience and nanotechnology, the researcher found that basic science
concepts of nanomaterials are in consistency with the national science curriculum standards
in sub-strand 1) living things and living processes, sub-strand 2) life and environment, sub-
strand 3) matters and properties of matters, sub-strand 4) force and motion, and sub-strand
8) nature of science and technology. This study focus on sub-strand 3) matters and
properties of matters.  The comparative table featuring the consistency of the scientific
concepts of nanomaterials and the national science curriculum standards is shown as the

following TABLE 2.
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TABLE 2 NANOSCIENCE AND NANOTECHNOLOGY AND THE NATIONAL SCIENCE

CURRICULUM STANDARDS

Nanoscience & nanotechnology

The Standards it can address

The idea of “Nano” — being small

Physical, biological, and,

chemical properties of nanomaterials,

Synthesis of nanomaterials and

nanofabrication (e.g., TiO,)

Nanomaterial and its application

for nano product production process

There is plenty of room at the bottom”.

Richard P. Feynman’s talk,

Nanotechnology and Science Ethics

Structure of Atoms, kind and

number of elementary particle of atom

Structure and properties of matter,

Chemical Reactions

Chemical Reactions

Science as a human endeavor, Nature of

scientific  knowledge, Historical perspective

Science and technology in local, national,
and global challenges, Science as
a human endeavor, Natural and
human-induced hazards,

Population Growth, Personal and

Community Health and impact on environment

From the TABLE 2, the main concepts of nanomaterial are chosen for secondary

science and shown as the followings:

1. the historical perspective — nature of science,

2. the ideas of nano scale- Structure of Atoms, kind and number of elementary
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particle of atom,

3. the exemplary nanomaterials- nano Ag, TiO,, ZnO, C nanotube,

4. nanomaterials and nanofabrication- chemical and physical synthesis,
chemical reaction,

5. nanomaterials and its properties- physical, biological and chemical
properties,

6. nanomaterials and its application — chemical synthesis, chemical reaction,

7. the impact of using nanomaterials on human, society and environment.

The main concepts of nanomaterail used for the study can be described as a

concepts mapping diagram shown below.

Historical perspectives

-Richard P. Feynman’s the study of atoms, molecules, and objects
stiinnina lectiire having size on the nanometer scale (1 - 100
V\ nanometers )
developed from is
N P

Nanoscience and Nanotechnology |- .o pe —»| Promise and risk

result in diverse related fields such as Promise Risk
\ 4
2. Nanobiotechnology 4. Nanodevice etc
A 4 A 4 '
1. Nanoelectronics 3. Nanomaterial 5. Nanochemistry

FIGURE 10a Concept Map of the Content of Nanoscience and Nanotechnology Used for the
Study.
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FIGURE 10b Concept Map of the Content of Nanoscience and Nanotechnology Used for

The Study. (continued from FIGURE 10a)

CONCLUSION

The use of constructivist multimedia, such as digital game technologies, to coach

or facilitate science learning and the provision of scaffolding to guide learners toward active

participation and learning in the game like learning environment enable learners to integrate

their knowledge and skills to perform various kinds of complex problem solving which

resulting in successful learning. This research employs multiple methods as a part of the
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larger design based research as suggested by Collins (1992), Brown (1992) and Laurel
(2004). The work is divided into 2 main phases:

Phase | Development of an epistemic platform for nanoscience and nanotechnology
with a computer game and,

Phase Il Implementation of the epistemic platform.

The two main phases are divided into 5 stages: Analysis, Design, Development,
Implementation, and Evaluation. The first three stages are set into Phase | and the last two
stages are set into phase Il. The holistic view of the structure of research is shown as

follows in the next page.

Research Procedure

/
ANALYSIS
Phase | Developﬁent —J - Theoretical
| Underpinnings:
DESIGN -
Research Constructivism,
Tools/Techniques: Situated Learning,
1. Questionnaire for Activity theory,
students DEVELOPMENT Scaffolding theory
2. Questionnaire for K
teachers Q ;
3. Focus group discussion
4. Questions for Interview IMPLEMENTATION Research targets
5. Observation forms
@ Upper secondary
I | EVALUATION science students
Phase 1l Implementation

Result Analysis

Attitude towards Learning Strategic problem Teacher Student

science Achievement solving Opinion

[Conclusion ][Suggestion ]

FIGURE 11 The Structure of Research Study



CHAPTER 3
METHODS

This chapter is dedicated to describe the research methods of the study by
providing information regarding all instruments and tools that were used as well as research
procedures. In addition, design based research as a framework for the study is described.
The research methods of the study are described in an overview of the research and five
parts as follows:

An overview of the research
Population and samples,
Research instruments and tools,
Research procedures,

Data collection, and

Data analysis.

1. An Overview of the Research

The intent of the study was to develop and investigate an epistemic platform for
science learning with a computer game to motivate and engage students in learning basic
concepts of nanoscience and nanotechnology, using the concepts of nanomaterial.
In developing the epistemic platform, the researcher employed strategies used by
commercial game and lessons from current learning theories, research on learning, and
gaming in education. The epistemic platform was developed and set as the curriculum unit,
consisting three learning units, for level 4 students.

As the study involved an innovative development for science teaching and learning,
design-based research was employed as a large framework of the research method. The
study used design-based research (Brown. 1992; & Collin. 1992) as a large framework of
research methods, resulting in the use of both qualitative and quantitative data collection
methods. Data collection consisted of science learning achievement pre-post testing,
strategic problem solving ability pre-post testing, attitude towards science measure before

and after the instruction, students’ opinion towards the curriculum unit questionnaire after
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the instruction, a question set for focus group discussion and individual interview after the
instruction, classroom observation form during the instruction, and the teacher’s opinion
towards the curriculum unit interview form after the instruction. In addition, all document
work from gameplay and learning activities were also taken into consideration. For data
analysis, various kinds of statistics were used. Descriptive statistics such as mean and
standard deviation was used to analyze correspondence of all components in the learning
unit according to the experts’ opinion. These were calculated by the SPSS program. The
statistical technique of I0C (Index of Iltem-Objective Congruency) was used for checking
content validity of the research instruments and tools. Cronbach’s alpha was used to
measure the internal consistency reliability of the attitude towards science measure.

The Kuder-Richardson 20 (KR-20) was used to calculate internal consistency reliability of
the science learning achievement test and the strategic problem solving ability test.

The difficulty index and the discrimination index were used to determine item difficulty and
item discrimination of the science learning achievement test and strategic problem solving
ability test. Statistics of paired sample t-test and one-sample t-test analyses was used for
testing hypotheses. In addition, other related descriptive statistics such as mean and
standard deviation were used to analyze pre-and post-test scores of the students' science
learning achievement test, the students' strategic problem solving ability test and the
students' attitude towards science measure. SPSS software for window was used to analyze

the obtained quantitative data.

2. Population and Samples

The population

The population of this study were the students studying in science program in level
4 (Matayomsuksa 4-6), and already completed two semesters of biology, physics, and
chemistry, at the Demonstration School of Naresuan University (Mathayomsuksa) in
Phitsanulok, Thailand. The school site is equipped with microcomputers with the Internet

connection.
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The samples

The samples of this study were the students who were studying in science program
in level 4 (Matayomsuksa 4-6), and already completed two semesters of biology, physics,
and chemistry, at the Demonstration School of Naresuan University in Phitsanulok, Thailand.
The samples were the students who are interested in attending the curriculum unit of the
epistemic platform. As thus, the samples of 32 students from grade 12" were obtained and
set for the main implementation study students

However, as using design-based research as a framework for the study, other 42
participating students were also set for the research study. These were divided into two
main groups. The first group of nine students was set for first trial study and the second

group of 33 students was set for second trial study.

3. Research Instruments and Tools

As researching and developing an innovation for science teaching and learning by
employing the so called design based research framework for the study, the researcher
used various kind of research tools for collecting both qualitative and quantitative data.
For the research instruments, the researcher has developed the curriculum unit consisting of
three learning units. The curriculum unit of the epistemic platform of the fundamental
nanoscience and nanotechnology and any related learning materials and documents were
developed and considered as the research instruments of the study. The research
instruments were used for science teaching and learning activities, while the research tools
were used for data collection. The processes of developing the instruments and tools are

detailed as follows:

3.1 Research instruments and their development process:

Research instruments that were used in this study are: 1) the computer game
program and its related materials of the curriculum unit such as the lesson plans/ learning
activity management plans, student activities’ materials, 2) science learning achievement

assessment test that are conceptual understanding test, 3) strategic problem-solving test,
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and 4) attitude toward science measure, and the development processes of each
instrument are detailed respectively.

3.1.1 The computer game program entitle” Nano X Project” and its
related materials of the curriculum unit

Digital game technologies are now rapidly advanced in story, graphic and
interactive design. Many popular commercial games use game engine, the core software
component of a computer or video game or other interactive application with real-time
graphics, in their development. These games using highly advanced game technologies
require different group of people and a lot of money for their development. Because of the
complexity of development process, developing one game may take at least two years and
millions baht. In developing computer and video games, there is a number of game
creation software. Among those are Panda3D, Python, DarkBasic and the Adobe Flash.
In term of cost and ease in use, Adobe Flash is cheaper and easier.  Thus, the researcher
used Adobe Flash for developing the computer game program of the study. For this
purpose, the researcher reviewed some information regarding the software program and the
information is given as follows:

Adobe Flash CS3 (adobe.com), formerly Macromedia Flash and before that
FutureSplash, or simply Flash, refers to both the Adobe Flash Player and to a multimedia
authoring program used to create content for the Adobe Engagement Platform (such as web
applications, games and movies). The Flash Player, developed and distributed by Adobe
Systems (which bought Macromedia in 2005), is a client application available in most
dominant web browsers. It features support for vector and raster graphics, a scripting
language called ActionScript and bi-directional streaming of audio and video. Strictly
speaking, Adobe Flash is an integrated development environment (IDE) while Flash Player is
a virtual machine used to run, or parse, the Flash files, but in contemporary colloquial terms
"Flash" can refer to the authoring environment, the player or the application files. Since its
introduction in 1996, Flash technology has become a popular method for adding anima the
core software component of a computer or video game or other interactive application with
real-time graphics tion and interactivity to web pages; several software products, systems,

and devices are able to create or display Flash. Flash is commonly used to create
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animation, advertisements, various web-page components, to integrate video into web
pages, and more recently, to develop rich Internet applications. The Flash files, traditionally
called "Flash movies", have a .swf file extension and may be an object of a web page,
strictly "played" in a standalone Flash Player, or incorporated into a Projector, a self-
executing Flash movie. Initially focused on animation, early versions of Flash content
offered few interactivity features and thus had very limited scripting capability. More recent
versions include ActionScript, a scripting language which has syntax similar to JavaScript
and so supporting JSON syntax (a variation on ECMA), but a much different programming
framework and set of class libraries. ActionScript is used to create almost all of the
interactivity (buttons, text entry fields, pick lists) seen in many Flash applications.

New versions of the Flash Player and authoring tool have strived to improve on
scripting capabilities. Flash MX 2004 introduced ActionScript 2.0, a scripting programming
language more suited to the development of Flash applications. As seen in the image to the
right, it's often possible to save a Iot of time by scripting something rather than animating it,
which usually also retains a higher level of editability. Of late, the Flash libraries are being
used with the XML capabilities of the browser to render rich content in the browser.
Since Flash provides more comprehensive support for vector graphics than the browser and
because it provides a scripting language geared towards interactive animations, it is being
considered a viable addition to the capabilities of a browser. This technology, which is
currently in its nascent stage, is known as Asynchronous Flash and XML, much like AJAX,
but with possibly greater potential.

ActionScript is an ECMAScript-based programming language used for scripting
Adobe Flash movies and applications. Since both ActionScript and JavaScript are based
on the same ECMAScript syntax, fluency in one theoretically translates easily to the other.
However, while JavaScript's DOM is browser window-, document- and form-centric, the
ActionScript DOM is movie-centric, which may include animations, audio, text and event
handling.

This game creation software program is considerably easier than any other

game creation software in term of use but excellent in using for developing interactive media
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for education. Therefore, the researcher used adobe flash CS3 as the main software in
developing the computer game program for the study.

The process of designing and developing the computer game software is
detailed step by step shown as follows:

1. The researcher studied and analyzed the national science curriculum
standards to manage science content for level 4 students.

2. For constructing the learning content, the researcher studied and framed
science content, here using fundamental nanoscience and nanotechnology, nanomaterial in
particular, which consists of basic science concepts of chemistry, physics, and biology.

3. After framing science content of fundamental nanoscience and
nanotechnology and learning objectives, the researcher consulted with and had the experts
checked the content correction.

4. The researcher wrote the script of the computer game scenarios— writing
about the details of content, words, sequence of scene, e.g, narrative or interactive parts,
dialog, sound and graphic and any other effects. After that the researcher developed the
story broad — writing the structure of content and all gameplay events that show at the
interface of the computer game and detailing the sequence of activity events of the
gameplay. After all pre- production document were finished, the researcher had the
dissertation committee checked the designed game scenarios and then improved,

5. When getting all information and the improved scripts and story board, the
researcher consulted with and had the experts checked the content and the designed game
interface.

6. The researcher and flash programmer team developed the computer game
program using Adobe Flash CS3 software, then testing in small scale group of six non-
sampled students to check design and usability of the developed program and then
gathered feedback and result to re-design and develop the program.

7. When the computer game program were finished, the researcher developed
all related learning materials and documents such as Teacher use book, lesson plans,

students’ documents and practices, etc. All the curriculum unit materials were proposed to
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to the committee and then the researcher improved the curriculum unit materials under the
feedback and recommendation from the committee.

8. The improved curriculum unit materials were proposed to and evaluated by
the three experts. After getting all feedback and recommendations from the experts, the
researcher re-developed and improved all the materials. The curriculum unit was used in the
first trial study with a group of nine participating students to get initial data on design,
usability and possibility of the curriculum unit.

9. All the materials of the curriculum unit were improved through considering
data from the first trial stage. The researcher prepared and set all the improved materials
for the second trial study for the checking all materials and then improved again before

using in the implementation stage.

3.1.2 Science Learning Achievement Test

The science learning achievement test was mainly intended to examine the
conceptual understandings, consisting of knowledge, comprehension, application of
scientific concepts and process, and analysis. This test was set as the summative
assessment. In addition, learning practices and exercises of the three learning units were
also developed and set as the formative assessments which inspected students’
performances during the instructional process.

The science learning achievement test consists of 40 multiple choices test
items, each of which has four choices with only one correct answer. The procedures for
constructing the learning achievement test are listed as follows.

1. All information regarding measurement and assessment of science were
studied.

2. The researcher studied and analyzed the science content and learning
objectives in order to develop conceptual understanding test,

3. The draft of the science learning achievement test was created and then
proposed to the dissertation committee in order to get feedback for improving.

4. After improving the test documents, the researcher had the expert

checked the test document to examine and verify content validity, questioning, choices,
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correspondence between questions and measured behaviors, and wording by the three
experts. Item Objective Congruence (IOC) was considered from a three-point rating scale
assessment form consisting of 1 = corresponding, 0 = not sure and -1 = not corresponding.
Items with the IOC index above 0.50 were selected and it was then revised again by
applying comments and suggestions from the experts.

5. The science learning achievement test was used in the second trail with
33 participating students in 12" grade (Matayomsuksa 6) at the Demonstration School of
Naresuan University to test difficulty (p) and item discrimination (r). The items with the p
index between 0.20-0.80 and the r index above 0.20 were selected.

6. To determine internal consistency reliability of the science learning
achievement test, the Kuder-Richardson 20 was used.

7. The science learning achievement test with reliability and validity was

used in the implementation.

3.1.3 The Strategic Problem Solving Ability Test

The students’ strategic problem solving ability in science learning was
assessed by the strategic problem solving ability test developed by the researcher. The
strategic problem solving ability test developed by adapting and modifying Sudarat’s
Problem Solving Test (2010) and also incorporating the ideas of Kraengsak
Charernwongsak strategic thinking (2003: 15-18). The strategic problem solving ability is
ability to determine optimum or the best way to accomplish the intended goal under any
problematic and uncertain circumstance. The four steps of the strategic problem solving
ability are: 1) Analyzing and identify the problem, 2) Searching solution and alternatives,
3) Analyzing, evaluating and making decision to choose the best solution, and 4) Checking
and inspecting the results of the selected solution. For the test, problematic situation was
given and the following four step questions were asked to students to assess their abilities in
each step. Each of the four steps question consisting of four test items and there is only one
correct answer. The strategic problem solving ability test consists of five main problematic
situations. Each of situation questions consists of four choice items. In short, the test

consists of 20 multiple choices. The test was used before and after implementing the three
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learning units of the epistemic platform. The test development processes are detailed as
follows.

1. The researcher studied and analyzed the science content of
nanomaterial fordeveloping the problematic situation to setting up questions of the
strategic problem solving test.

2. The draft of strategic problem solving test was created and then
proposed to the dissertation committee in order to get feedback for improving.

3. After improving the test documents, the researcher had the experts
checked the test document to examine and verify content validity, questioning, choices,
correspondence between questions and measured behaviors, and wording by the three
experts. Item Objective Congruence (IOC) was considered from a three-point rating scale
assessment form consisting of 1 = corresponding, 0 = not sure and -1 = not corresponding.
Items with the I0OC index above 0.50 were selected and it was then revised again by
applying comments and suggestions from the experts.

4. The strategic problem solving test was used in the second trail with 33
participating students in 12mgrade (Matayomsuksa 6) at the Demonstration School of
Naresuan University to test difficulty (p) and item discrimination (r). The items with the p
index between 0.20-0.80 and the r index above 0.20 were selected.

5. To determine internal consistency reliability of the strategic problem
solving test, the Kuder-Richardson 20 was used.

6. The strategic problem solving test with reliability and validity was used in

the implementation.

3.1.4 Attitude towards Science Measure

Students’ attitude towards science was assessed using the attitude towards
science measure which was implemented before and after using the curriculum unit.
This measure was adapted from Natthapong Charoenpit (2542: 130) attitude towards
science measure by using Likert framework. It aimed to examine 1) the students’ cognitive
and emotional feelings of the curriculum unit, 2) active participation in science learning

activities, and 3) value of the curriculum unit. The attitude towards science measure
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consists of 30 items which are five-point rating Likert Scale consisting of: 1= strongly
disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree.
The test development processes are detailed as follows:

1. The researcher studied the information regarding research tools and
then developed the draft of the attitude towards science measure,

2. The draft measure was proposed to the dissertation committee in
order to validate the draft. After that, the draft of attitude towards science measure was
improved by applying comments and suggestions from dissertation committee.

3. The attitude towards science measure was used in the second trail with
33 participating students in 12" grade (Matayomsuksa 6) at the Demonstration School of
Naresuan University to determine internal consistency reliability of the measure using
Cronbach’s alpha (Q).

4. The attitude towards science measure with internal consistency reliability

was used in the implementation.

3.2 Research Tools and Their Development Processes:

Research tools that were used in this study are: 1) the experts’ curriculum unit
evaluation form, 2) the participating teacher opinion towards the curriculum unit interview
form, 3) the classroom observation form, 4) the questionnaire of students’ opinion towards
the curriculum unit, 5) the question set for focus group discussion and individual interview.

The processes of the research tool development are detailed as the followings.

3.2.1 The experts’ curriculum unit evaluation form

The curriculum unit evaluation form was developed for examining and verifying
the curriculum unit on the basis of its content validity, appropriateness, and consistency of
all components (e.g., background and rationale, goals of the learning unit, grade level,
contents, learning activities, instructional materials, and assessment and evaluation). This
form was used by the group of three experts consisting of a nanotechnology educator, a
specialist from educational technology and an experienced chemistry teacher. The experts’

evaluation form aimed to examine: the curriculum unit's validity, appropriateness and
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qualities. The part one of the evaluation form is to examine the internal consistency of all the
curriculum unit materials. In this part, a questionnaire consists of three-point rating scale
consisting of 1 = corresponding, 0 = not sure and -1 = not corresponding. The part one
questions end with a comment and suggestion section spaces from the experts. For the
part two of the form, the questions were set to examine the curriculum unit's
appropriateness and quality in the views of the experts. The part two questions are five-
point rating Likert Scale measures consisting of: 1= strongly disagree, 2 = disagree, 3 =
neutral, 4 = agree and 5 = strongly agree. The appropriateness and quality questions end
with a comment and suggestion section. The developmental processes of the experts’
curriculum unit evaluation form are detailed as the followings.

1. The researcher studied and determined elements for evaluating the
curriculum unit and the related materials.

2. The evaluation form draft was developed according to the determined
elements.

3. The evaluation form draft was proposed to the dissertation committee to
validate elements in the draft.

4. After received the draft from the dissertation committee, the evaluation
form was improved by applying comments and suggestions.

5. The curriculum unit evaluation form was used after the curriculum unit

materials were completely developed.

3.2.2 The participating teacher’s opinion towards the curriculum unit interview
form

The participating teacher’s opinion towards the curriculum unit was assessed
by the teacher’s opinion towards the curriculum unit interview form. The interview form
consists of 10 open-ended questions. This form was used by the researcher to interview the
participating teacher after implementation of the whole the curriculum unit to collect data
about using the curriculum unit, problems and suggestions. The developmental processes

of the form were detailed as follows:
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1. The researcher studied and determined elements for interviewing the
participating teacher’s opinion towards the curriculum unit.

2. After that, the interview form draft was developed and then proposed to
the dissertation committee to validate the elements of the interview form.

3. The researcher improved interview form draft applying comments and
suggestions from the dissertation committee.

4. The improved interview form draft was proposed to the three experts and
the improved the draft again by applying the experts’ comments and suggestions.

5. This form was used by the researcher to interview the participating
teacher after implementation of the whole the curriculum unit to collect data about using the

curriculum unit, problems and suggestions.

3.2.3 Classroom Observation Form
In order to get in-depth data on how students learn in terms of all kinds of action
and interaction occurring in the classroom, the classroom observation form was develop to
find out the mechanisms and dynamics of the classroom activities. To find out how learning
occurred in this kind of game like science learning, the classroom observation form was
employed by the researcher to get qualitative data. The classroom observation form
consists of six open-ended questions. The question focused on the computer game and
student interactions, student and student interactions, student and teacher interaction,
classroom learning activity mechanisms and dynamics, classroom atmosphere, and
students’ key actions during the learning activities. The form was used by the researcher
during the implementation. The developmental processes of the form were detailed as
follows:
1. The researcher studied and determined elements for classroom
observation form.
2. After that, the classroom observation form draft was developed and then
proposed to the dissertation committee to validate the elements of the form.
3. The researcher improved classroom observation form draft by applying

comments and suggestions from the dissertation committee.
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4. The classroom observation form draft was proposed to the three experts
and then improved the draft again by applying the experts’ comments and suggestions.

5. This form was used by the researcher during the implementation

3.2.4 The Questionnaire of Students’ Opinion towards the Curriculum Unit

To examine the curriculum unit in term of the targeted users’ perspective,
questionnaire of students’ opinion towards the curriculum unit was used to collect both
quantitative and qualitative data. The questionnaire was intended to find out students’
opinion towards the curriculum unit while they performed during the curriculum unit
implementation such as curriculum content, computer game program, instructional
activities, instructional materials, and overall of the curriculum unit. The questionnaire
consists of 15 items which are five-point rating Likert Scale consisting of: 1= strongly
disagree, 2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree.

The developmental processes of the questionnaire were detailed as follows:

1. The researcher studied and determined elements for the questionnaire.

2. After that, the questionnaire draft was developed and then proposed to
the dissertation committee to validate the elements of the questionnaire.

3. The researcher improved the questionnaire draft by applying comments
and suggestions from the dissertation committee.

4. The questionnaire draft was proposed to the three experts and then
improved the draft again by applying the experts’ comments and suggestions.

5. The questionnaire of students’ opinion towards the curriculum unit was
used in the second trail with 33 participating students in 12" grade (Matayomsuksa 6) at the
Demonstration School of Naresuan University to check the ambiguity in the language of
questionnaire’s questions. The gathered data from second trail study were used to
revise the questionnaire and also to improve the curriculum unit for using in the curriculum
implementation study phase.

6. This questionnaire was used with all participating students after the

implementation.
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3.2.5 The Question Set for Focus Group Discussion and Individual Interview

The question set for focus group discussion and individual interviews was
developed to collect qualitative data for getting in-depth understandings about students’
learning process, active interaction, environment and learning activities that impact on
students’ science learning achievement. The question set was used in four rounds: In the
first step of the study, the question set was used in the pre production while conducting with
six non sampled students to check the design and usability of the first version of the
computer game. This question set was also used in the first trial with nine students, the
second trial study with 33 students and the implementation with 32 students. In each round
of data collection using the question set, the obtained data were used to inform the
curriculum unit improvement and development. The question set consists of seven open-
ended questions. This question set was used by the researcher to run focus group
discussion with three groups of four students and to interview with the three selected
students according to their performance in science learning achievement test score.

The developmental processes of the form were detailed as follows:

1. The researcher studied and determined elements of the question set

2. After that, the question set draft was developed and then proposed to the
dissertation committee to validate the elements of the question set.

3. The researcher revised the question set draft by applying comments and
suggestions from the dissertation committee.

4. The revised question set draft was proposed to the three experts and then
improved again by applying the experts’ comments and suggestions.

5. This question set was used by the researcher to run the focus group
discussion with three groups of four students and the three selected students in the second
trial and implementation. It was also used in the pre production of the study and the first
trial study.

To make the research study valid and reliable, the researcher proposed the
committee to appoint the group of the experts for checking the quality and validity of the
research instruments and tools. As the study involved developing a kind of educational

technology for science teaching and learning, the experts were diverse in such discipline as
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scientist, science teacher, computer scientist or programmer, faculty from university in
department of curriculum and instruction and educational technology. The list of experts
was detailed as follows:

1. An expert of nanoscience and nanotechnology content,

2. An expert of educational media design or educational technology,

3. An expert of science teaching, i.e., experienced science teacher with at
least 5 year teaching experience

This group of the experts was set for considering and checking all research

instruments and tools that were used in the study such as considering the content validity
using 10C, the assessment form, science learning achievement test, strategic problem
solving ability test, etc. In addition, the researcher also consulted with the three experts

along the research study.

4. Research Procedures

Brief Description of Research Procedures

The epistemic platform for nanoscience and nanotechnology with a computer game
was developed and considered as the curriculum unit for level 4 science students.
The curriculum unit was divided into the three science learning units. The learning
management strategy for using the curriculum unit in classroom instruction is the Learn to
Play and Play to Learn learning approach (LPPL) developed by the researcher. As the main
purpose of the study was to develop and investigate an innovation for science teaching and
learning, the researcher employed design based research (Brown.1992; & Collin. 1992) as a
large framework for the research study. Barab and Squire (2004) clarifed that design
based-research involves introducing innovations into the booming, buzzing confusion of
real-world practice, not as that in laboratory context, and examining the impact of those
designs on learning process. The DBR collective (2003) suggested that design based
research approach is the continuous cycle consisting of design, enactment, analyses and

redesign. This cycle is shown as follows:
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Design _— Enactment
Redesign <«—— | Analyses

FIGURE 12 Design-based Research

Source: Adapted from DBR Collective. (2003) Design-Based Research: An

Emerging Paradigm for Educational Inquiry.

As a result, the researcher used multiple methods, both qualitative and quantitative,
as a part of a larger design-based research study. From the framework of design-based
research mentioned previously, the research procedure was derived and set into the two
main phases. Phase I: development of the epistemic platform for science learning with a
computer game, the curriculum unit, and phase II: implementation of the epistemic platform.

The whole research procedure is depicted as the following:



Research Procedure

Phase | Development of the curriculum unit of the epistemic

platform for science learning with a computer game

Studying, designing the curriculum unit

Developing the first version of game computer program and

then conducting initial study for checking design and usability

Developing all the curriculum unit materials and research

instruments and then having the three experts checked them

using the curriculum unit evaluation form

Conducting the first trail study with nine students and

checking the design, possibility and usability of the whole

curriculum unit

Developing all research instruments and tools and checking

their validities

Conducting the second trial study with 33 students to check

all the instruments and tools

Phase Il Implementation of the curriculum unit of the

epistemic platform

Conducting workshop with the participating teacher

implementing the curriculum unit
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Pre-testing science learning achievement test, strategic problem

solving test and attitude towards science measure

Implementing the three learning units of the curriculum unit

for 12 hours, using class observation form

- Post-testing science learning achievement test, strategic problem

solving test and attitude towards science measure

- Students’ focus group discussion and individual interview,
students’ opinion questionnaire

- Teacher’s opinion interview

Analyzing all data

- Science learning
achievement

- Strategic problem solving
ability

- Attitude towards science

- Users’ opinion

FIGURE 13 PROCEDURES OF THE RESEARCH STUDY
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According to the structure of the research study mentioned previously, the research
study consists of two main phases:

Phase | Development of the epistemic platform for science learning with a
computer game, the curriculum unit,
Phase Il Implementation of the epistemic platform.

In phase [, the innovative computer game program and its related materials were
developed under consulting with game designers, gamers, science teachers,
nanoscientists, nanotechnologists and specialists in the field of curriculum and instruction
and educational technology. Throughout the implementation of phase Il, the researcher
documented the effects of the curriculum unit by evaluating impact of the epistemic platform
on learning including students’ science learning achievement, strategic thinking in problem
solving in term of strategic problem solving ability, attitude toward science, and students’
and teachers’ opinions toward the epistemic platform.

Research Design

In this study, One Group Pretest-Posttest Design was used as the experimental

design.

Pretest Treatment Posttest

Experimental Group OE1 X OE2

Research Procedures

In this part, the two main phases of research procedures are detailed respectively.
As depicted in the FIGURE 12, the two main phases are divided into 5 stages: Analysis,
Design, Development, Implementation, and Evaluation. The first three stages are set into
Phase | and the last two stages are set into phase Il. Each phase is described in step by
step and shown as follows:

Phase | Development of the epistemic platform for science learning with a
computer

In this phase, there are three stages in developing the epistemic platform and it
related materials. These are stage1) Analysis, stage 2) design, and stage 3) development of

the epistemic platform and each of them are detailed as follows:
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Stage 1) In the analysis stage, the researcher started with brainstorming with the
two participating experienced teachers. The researcher studied and framed science
content, here using fundamental nanoscience and nanotechnology, including nanomaterial.
The researcher also then studied and analyzed the national science curriculum standards to
manage science content and learning objectives for level 4 students. In the next step, the
researcher continued to study about designing and integrating computer and computer
game technologies for learning science. In each of this step, the researcher documented
and consulted with experts and specialist from different disciplines. In developing
nanoscience and nanotechnology content, the researcher selected and analyzed the
important concepts of nanomaterial and then had the experts in field of nanoscience or
nanotechnology checked for the correction of the concepts. After that, science learning
objectives of the curriculum unit were developed and divided into three different science
learning units under consulting with experts in this field. The results of this stage were the
main concepts of fundamental nanoscience and nanotechnology, including nanomaterial,

and learning objectives.

Stage 2) In this step, the researcher worked closely with gamers and game
designers in order to design a computer game and its related material for science learning
activities of the epistemic platform. The process of game design and development consists
of many steps: story design, graphic design, narrative design, and interactive design.
In designing story, to engage students with compelling story, the researcher chose the
scenarios of research competition of the project management in developing nano-
superclothes for military purpose. From the game designer perspectives, learners are put
into the state of a player to play a role as a research project team leader to develop the
superclothes for protecting future soldiers by utilizing the unique properties of nanomaterial
for this purpose. In the process, the researcher then developed the graphic, narrative and
interactive system of game interface simultaneously. After that the researcher proposed the
framework to dissertation chairman and committee to get feedback. The result of this stage
was the plan of computer game development that are: script and story broad of the game

scenarios and related learning materials.



96

Stage 3) After getting all kinds of information, the researcher created the game
program by working with computer programmers. Using Adobe Flash™ CS3 software, the
computer game program was obtained to engage students in simulated real world practice
which is authentic and meaningful for them in science learning. Along with the computer
game program, the researcher also developed related learning materials as well as
research instruments and tools that are previously described in the section of research
instruments and tools.

The back-story of game scenarios is described below.

The Description of Back-Story of the Game

The story design of the computer game used in this study was set as scientific
research competition scenarios. The two research teams, one of those were leaded by
students as players, role-play, and another team was computerized, were selected from the
agents of the Ministry of Military to develop superclothes for soldiers’ use in the future war
using nanomaterials.

In the scenarios of computer game, players as a leading scientist are called to
apply for joining the special research project call” the X Project” of military research center.
Students as a player need to compete with others to be the leader of the team to study and
use new material that can be used for military purpose. Players need to form their team by
selecting computerized agents who could help and consult with throughout the game. In
the project, students as a player needed to think carefully and planed everything about this
to get their job done right on time. At the same time, the government also has another team
do the same thing as a player team has. This means that the government assigns the same
project to two development teams. Therefore, both teams have to compete with each other
to win the contract from the government. For the project management of developing
superclothes using nanomaterial for military purpose, players have to work smartly to
compete with another team. As such, students as players need to think strategically and
creatively for their final product to convince the government to select them as the winner.

Throughout the epistemic platform for science learning with a computer game,

students encounter various kinds of problem which require them to use various kinds of
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problem solving strategy, knowledge and thinking skills. As thus, they also simultaneously
develop their conceptual and procedural knowledge through interaction with computer
agents, their peers, and teachers who play a role as a facilitator both in gameplay and
social context outside the gameplay.

The curriculum unit of the epistemic platform consists of three science learning
units: 1) the fundamental concepts of nanoscience and nanotechnology, 2) the basic
concepts of nanomaterial, 3) Nanosafety. The learning units of the curriculum unit are set

and shown as the following TABLE 3.

TABLE 3 LEARNING UNITS OF THE CURRICULUM UNIT

Unit Topic Time Game scenarios
(Period)
1 The fundamental concepts of 4 Simulation, role-playing

nanoscience and nanotechnology

2 The basic concepts of 6 Strategy, role-playing and
Nanomaterial simulation
3 Nanosafety 2 Role-playing and simulation

In order to check the readiness before implementation, the research instruments
and tools were tried out in two trial studies. Before that, the initial study was conduct with six
non-subject students in the pre production phase to check the design and usability of the
first version of computer game program and related learning materials. In addition, there
were two more stages for the trial studies. The first trial study was set with nine students to
check design, possibility and usability of the all three science learning unit. After that,
the improved three science learning units and all related research instruments and tools

were used in the second trial study with 33 students to check all readiness and qualities
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before being used in the implementation. From the trial studies, feedback and data was
obtained to improve and develop the curriculum unit and also to check the validities. These
feedbacks and data informed about how to re-design and re-develop the curriculum unit of
the epistemic platform. Before implementing the curriculum unit, the researcher had the
experts evaluated the curriculum unit. After that all materials of the curriculum unit were
improved before implementing in classroom setting.

Phase Il Implementation

In the class implementation phase, a group of 32 students was set as the targeted
group for the implementation study. The curriculum unit of the epistemic platform consists of
three learning units and was set as 12 period long activities. The curriculum unit was
implemented in classroom setting on every Monday and Tuesday of the period of November
8-9, 15-16, and 22-23, 2010. The learning activities were conducted two hours each day for
three weeks, collectively 12 hours. In the implementation stage of the curriculum unit, before
the curriculum unit implementation, the participating teacher did the workshop with the
researcher to understand the learning activities and processes and how to run all materials
and science learning activities. During the periods of implementation the researcher
followed and evaluated the curriculum unit implementation using various kinds of research

instruments and tools, detailed in the data collection section.

5. Data Collection
Quantitative data collection
Quantitative data collection methods are described as the followings:
1. Pre-testing students with the science learning achievement test, strategic
problem-solving test and attitude towards science measure.
2. Implementing the curriculum unit,
During science learning activities, the classroom observation form was used.
The document work and product of gameplay tasks on the computer game produced by
students during learning activities were taken into consideration.
3. Post-testing students with the same research instruments and tools as the

pre-testing ones.
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4. Administering the questionnaire of students’ opinion towards the curriculum

unit to all participating students after the implementation.

Qualitative data collection
Qualitative data collection methods are described as follows:
1. The researcher had individual interview with the teacher who implemented
the curriculum unit to examine the teacher’s opinion towards the curriculum unit.
2. The classroom observation form was used by the researcher during the
science learning activities of the curriculum unit
3. The researcher used the question set to have focus group discussion with the
selected three groups of four participating students, 12 in total, after implementing the
curriculum unit.
4. The researcher used the question set to interview with three selected

participating students according to their performance on science learning achievement test.

6. Data Analysis

As the researcher used multiple methods, both qualitative and quantitative, as a
part of a larger design-based research study, various kinds of data analysis methods were
employed. For qualitative data, all data from classroom observation form, focus group
discussion and individual interview with three selected students and the participating
teacher were analyzed and interpreted logically in term of a descriptive report. While

quantitative data were analyzed using statistics detailed as follows:

6.1 Basic Statistics

The basic statistics such as mean, standard deviation and percentage were
used to analyze the score from the science learning achievement test, the strategic problem
solving test, attitude towards science measure, and the questionnaire of the students’
opinion toward the curriculum unit. These were calculated by the SPSS for Window

program.
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6.2 Statistics for Testing Materials
The statistics for testing materials that were used in the study are: 1) The Index of

ltem Objective Consistency (IOC), 2) Cronbach’s Alpha (Ql), 3) The Kuder-Richardson 20

(KR-20), 4) The Difficulty Index, and 5) the Easiness Index and the Discrimination Index.

Each statistic is detailed as follows:

6.2.1 The Index of Item Objective Congruence (IOC)

The Index of ltem Objective Congruence was used to analyze correspondence
of all components in the curriculum unit, and objective correspondence of the science
learning achievement test and the strategic problem solving test. The Index of Item

Obijective Congruence was calculated from the following formula:
I . * > R
N

IOC is Index of Item Objective Congruence

Where
R is Rating scores

N is Number of cases in the set of scores

6.2.2 Cronbach’s Alpha (Ol)
Cronbach’s alpha was used to measure the internal consistency reliability of the

attitude towards science measure. Formula for calculating the Cronbach’s alpha is as

follows (Kerlinger; & Lee. 2000: 656).

k 2V,
o= (1 =)

Where a is The Cronbach’s alpha

k is The number of items on the test

V. is The variance of the each score

V, is The variance of the total scores



6.2.3 The Kuder-Richardson 20 (KR-20)

KR-20 was used to calculate internal consistency reliability of the science
learning achievement test and the strategic problem solving ability test. Formula for

calculating the KR-20 is as follows (Kerlinger; & Lee. 2000: 656).

k V,- zpiqi
)

Where r, is Reliability of the test
k is The number of items on the test
is The variance of the total scores
p, is The proportion of test takers who answer item-i correctly

q, is The proportion of test takers who answer item-i incorrectly

6.2.4 The Difficulty Index (p)
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In analyzing the test items difficulty (p) of the achievement test, the Difficulty

Index was used. The Difficulty Index formula is shown (Taweerat. 1997: 129) as follows:

p=R

N

Where p means the item difficulty
R means the number of students who answered the item correctly

N means the total number of students who answered the item

6.2.5 The Discrimination Index (r)

In analyzing the test items of discrimination (r) of the science learning

achievement and strategic problem solving ability tests, the discrimination index was used

and computed by using the following formula ((Saiyod; & Saiyod. 2000: 199-201):
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Where r  is Discrimination index
S, is Sum of scores in the Top group
S, is Sum of scores in the Bottom group
N is The number of students in the Top group or the Bottom group
X, IS The student’s highest score

X..., Is The student’s lowest score

6.3 Statistics for Testing Hypotheses
There are two main kinds of statistics used for testing the hypotheses.
The statistics are 1) paired sample t —test and 2) one sample t-test detailed as the

followings:

6.3.1 Paired sample t-test dependent statistic
The students’ science learning achievement pre-post test scores, the students’
strategic problems solving ability pre-post test scores and attitude towards science
measure before and after intervention score were used in paired sample t-test dependent
statistical analysis to find out the difference between before and after intervention of the
curriculum unit. The formula of paired samples t-test dependent statistic (Taweerat, 1998:
176) was shown as follows:
>D
t :\/nz D’ - (Y. D)’
n-1

Where t means t- Distributions
D means post-pre test score difference
Z D means sum of post-pre test score difference
Z D’ means square of sum of post-pre test score difference

n means number of students
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6.3.2 One sample t-test statistic

The students’ opinion towards the curriculum unit scores was used to examine
the effect of curriculum unit in term of users’ opinions. The scores were used in testing with
the one sample t-test statistics. The formula of one sample t-test statistic (Ferguson. 1976:

152) was presented as follows:

r— i
S

r = 2
N

t means the t distribution

X means the sample mean

K means the determined criteria

S means the standard error of mean
N  means the number of the students

6.3.3 The basic statistics of mean and standard deviation
The level of the students’ attitude towards science and opinion towards the
curriculum unit of the epistemic platform was evaluated by comparing mean score of the
students’ opinion towards science with the criteria of 3.51 categorized in five levels as
follows.
The mean score 4.51 - 5.00 interpreted as the highest level
The mean score 3.51 - 4.50 interpreted as the high level
The mean score 2.51 - 3.50 interpreted as the medium level
The mean score 1.51 - 2.50 interpreted as the low level

The mean score1.00 - 1.50 interpreted as the lowest level



CHAPTER 4
RESULTS OF THE STUDY

This chapter is dedicated to describe the results and findings from the study.
The data obtained from various phase of the study are presented, analyzed and discussed.
As this research study was to develop the epistemic platform for science learning with a
computer game on the content of fundamental nanoscience and nanotechnology and to
examine the effect of the epistemic platform on level 4 students (Matayomsuksa 4-6), the
chapter starts with the results and findings from phase | of the development of the epistemic

platform and then follows by phase Il of Implementation of the epistemic platform.

1. PHASE | the Development of the Curriculum Unit of the Epistemic Platform

In developing the curriculum units of the epistemic platform, there are three main
steps consisting of 1) analysis, 2) design, and 3) development of the epistemic platform as
described in the chapter 3. The products from this phase are three learning units on the
contents of fundamental nanoscience and nanotechnology along with computer game
software and other related teaching and learning materials.

In analysis step, the researcher studied and analyzed all related information and
documents consisting of National Science Curriculum Standards of the BEC 2001,
nanoscience and nanotechnology books and relevant websites to develop the contents of
fundamental nanoscience and nanotechnology, learning objectives, and assessment
methods. After that, the researcher studied and developed learning strategies, using
computer game technologies, and learning approach that fits properly with this kind of
science learning. Besides, the researcher also designed and embedded strategic problem
solving activities within the learning units and planed to assess students’ ability of strategic
thinking in problem solving in term of strategic problem solving abilities.

As getting all information needed, the researcher designed and developed the
computer game program called” Nano X Project”. The computer game program was set
and divided into three episodes consisting of: episode | used in the learning unit one on the

content of fundamental nanoscience and nanotechnolgy, episode Il used in the learning unit
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two on the content of basic concepts of nanomaterials, and episode Il used in the learning
unit three on the content of nanosafety.

In fitting nanoscience and nanotechnology into high school science, the thing that
has to be taken into consideration is national science curriculum standards that are
prescribed for teachers in implementing science teaching and learning at all levels. When
analyzing basic science concepts of nanoscience and nanotechnology, by comparing the
concepts of nanomaterial in particular to national science curriculum standards, it is found
that there is the alignment between both of them. The basic science concepts of

nanoscience and nanotechnology address the standards are shown below:

National science curriculum standards

Sub-strand 3 :Matters and Properties of Matters

Standard Sc 3.1 :The student should be able to understand properties of matters,
relationship between properties and structures and forces among particles, have
skills in investigative processes and possess a scientific mind, communicate

acquired knowledge and make positive applications of knowledge.

Standard Sc 3.2 :The student should be able to understand the principles and
nature of change of states of matters, formation of solution, chemical reaction,
master investigative processes and possess a scientific mind, communicate

knowledge acquired and apply it positively.

In analyzing the contents and concepts of nanomaterial, the basic science
concepts of nanoscience and nanotechnology are obtained and set as follows:
1) The idea of nano-scale and other fundamental nanoscience and
nanotechnology concepts, set in the learning unit one of the emergence and development
of nanoscience and nanotechnology

2) Physical, biological, and, chemical properties of nanomaterials,
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3) Synthesis of nanomaterials and other fabrication methods,
4) Nanoproduct production and development, e.g., nanoclothings
Topic 2), 3) and 4) are set in the learning unit two of nanomaterial,
5) Nanosafety as nanoscience and nanotechnology ethics, set in the
learning unit three of the impact of nanomaterial use on human, society and environment.
From the ideas mentioned previously, the fundamental concepts of nanomaterial

were chosen for secondary science and shown as the followings:

1. the historical perspective — nature of science,
2. the ideas of nano scale- Structure of Atoms, kind and number of
elementary particle of atom, size-dependent properties of nanomaterials
3. the exemplary nanomaterials- nano Ag, TiO,, ZnO, C nanotube,
4. nanomaterials and nanofabrication- chemical and physical synthesis,
chemical reaction,
5. nanomaterials and its properties- physical, biological and chemical
properties,
6. nanomaterials and its application — chemical synthesis, chemical
reaction,
7. nanosafety, the impact of using nanomaterials on human, society and
environment.
From the synthesized contents and concepts of fundamental nanoscience and
nanotechnology, these can be assigned and set into three science learmning units of the
curriculum unit. The three science learning units of the curriculum unit are presented as the

following table.
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TABLE 4 CONTENTS AND GAME ACTIVITIES OF THE CURRICULUM UNIT

Learning Units Computer game program | Learning activities

1. Fundamental concepts [Nano X Project episode 1 In gameplay- getting task

of nanoscience information, applying to the project
and nanotechnology writing the project plan/ proposal
2. Introductory Nano X Project episode 2 Performing research topic1
nanomaterial and 2 in developing battlesuit

using nanomaterials, strategic

problem solving activites

3. Nanosafety Nano X Project episode 3 realizing the impact of
Nanosafety, analyzing and constructing

regulation plan

As a game-like science learning that uses computer game as the central part of the
learning activities, the specific learning approach was developed and used for the science
learning activities. The so called” Learn to Play-Play to Learn Approach, previously
presented and detailed in chapter 2, was used in all the three learning units.

When the all research instruments and tools were finished, the researcher
conducting the study using a large framework of design based research to collect various
kinds of data to re-design and re-develop the curriculum unit of the epistemic platform. In
this phase, the results and findings from the curriculum unit evaluation by the experts, the
first trial study with nine students, and the second trial study with 33 students are analyzed

presented and initially discussed.

1.1 The Results from the Curriculum Unit Evaluation by the Experts
The curriculum unit of the epistemic platform for science learning with a computer

game was evaluated by the three experts to check its consistency and qualities. In term of
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the curriculum unit consistency the data were calculated and are presented in the TABLE 5

as follows:

TABLE 5 THE CURRICULUM UNIT CONSISTENCY EVALUATION

The considered items N=3 Interpretation
IOC S.D.
1. The curriculum unit goals with the society need 1.00 0.00 consistent
2. The curriculum unit goals with the LPPL approach 1.00 0.00 consistent
3. The curriculum unit goals with learning outcomes 1.00 0.00 consistent
4. The curriculum unit goals with the contents 1.00 0.00 consistent
5. The curriculum unit goals with lesson plan 1.00 0.00 consistent
6. The curriculum unit goals with the assessment .00 0.00 consistent
7. The curriculum unit goals with the computer game .00 0.00 consistent
8. The contents with the learning activities 1.00 0.00 consistent
9. The curriculum unit with students’ pre knowledge D.67 0.58 consistent

From the above TABLE 5, the results of Index of ltem Objective Consistency (I0C)
showed mean scores between 0.67 -1.00, indicating that every component of curriculum
unit evaluated by the three experts is consistent with one another. However, it was noticed
that the evaluated item 9 was lower than the others. This could be the reason that this kind
of content is very new and mostly found in the university levels and not found in the national
science curriculum standards. As thus, the curriculum unit was designed and developed to
suitable to high school students in term of the design of a game computer, science learning
activities, and related learning materials.

In term of the qualities of the curriculum unit, the second part of the expert’s
evaluation form was set for rating scale of quality level for checking. The mean score,

standard deviation and quality level of the curriculum are presented in the TABLE 6.
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TABLE 6 CURRICULUM UNIT QUALITIES EVALUATION

The evaluated items N=3 Quality Level

Mean S.D.

1. Over all of the Curriculum unit

1.1 The contents

1.1.1 The content correctness 4.00 0.00 High
1.1.2 Language suitability and clarity 3.67 0.58 High
1.1.3 Learning objective consistency 4.00 4.00 High
1.1.4 Suitability of contents in each unit 4.00 0.00 High
1.1.5 Suitability of content ordering 3.67 0.58 High
1.1.6 Suitability to learner 3.67 0.58 High

1.1.7 Content structure clarity and pre-new knowledge relation4.00 | 0.00 High

1.2 The Learn to Play-Play to Learn Approach
1.2.1 Suitability to the contents and the computer game 1.00 0.00 High
1.2.2 Consistency with theoretical underpinnings 1.00 0.00 High
1.2.3 Suitability to Learner .00 0.00 High

1.2.4 Suitability to and consistency with learning objective .00 0.00 High

1.3 Integration of Strategic problem solving technique
1.3.1 Suitability to contents and the learning approach 1.33 0.58 High
1.3.2 Supporting and developing student’s B.67 0.58

problem solving and higher ordered thinking

1.4 Science Learning Activities and Related Teaching-
Learning Materials

1.4.1 Suitability and consistency among learning activities ~ #.00 0.00 High

and learning activity ordering

1.4.2 Suitability among Learning material and learner .00 0.00 High
1.4.3 ease in use of learning material B.67 0.58 High
1.4.4 Teacher use guide’s correctness .00 0.00 High
1.4.5 ease in use of teacher use guide .00 0.00 High

1.4.6 Lesson plan correctness and suitability 4.00 0.00 High
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TABLE 6 (continued)

The evaluated items N=3 Quality Level

Mean S.D.

1.4.7 Learning activity duration 4.00 0.00 High

2 The Computer Game entitled” Nano X Project
2.1 Game Interface Design

2.1.1 Suitability, ease in use, 4.00 0.00 High

2.1.2 Clarity and ease to read of 3.67 0.58 High

color and alphabet

2.1.3 Meaningfulness and content consistency 4.00 0.00 High

of static and motive graphics

2.1.4 Beauty of static and motive graphics 4.00 0.00 High

2.2 Game Representation

2.2.1 Interesting content presentation 4.00 0.00 High
2.2.2 Flow and consistency of story driving 4.00 0.00 High
2.2.3 Learning motivation of Representation 4.33 0.58 High
2.2.4 Interest 4.33 0.58 High
2.2.5 Guiding information provided 4.33 0.58 High

2.3 Game Interactive Design
2.3.1 Ease in use and Understandability 3.67 0.58 High
2.3.2 Suitability of Interactivity 4.00 0.00 High

2.3.3 Consistency of the contents and Interactivity [4.33 0.58 High

3. Science learning Assessment

3.1 Test item clarity 4.00 0.00 High
3.2 Suitability of Amount of ltems 4.00 0.00 High
3.3 Coverage of practice and test 4.00 0.00 High
3.4 Consistency to the contents 4.00 0.00 High

3.5 Suitability to learner 4.00 0.00 High
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From the TABLE 6, the mean score of 3.67 to 4.33 indicates that the curriculum unit
is suitable and has high quality. As the results, it is implied that the curriculum unit is
appropriate in terms of content, the learning approach, Integration of strategic problem
solving technique, teaching and learning activities, the game computer and related learning
materials, and science learning assessment.

However, there are some notions on the computer game Nano X Project used for
science learning activities. Its mean score was low compared to other components of the
curriculum unit. This was taken to consideration of the game design and then re designed
and developed. In addition, the mean score learning activity duration was also low. This
was considered to be adjusted time duration to be longer. Overall, it was revealed that the
qualities of the curriculum unit were well prepared and interesting.

As thus, the curriculum unit can be used for high school students.

In addition to quantitative data, the three experts’ suggestions for improving the
curriculum unit were presented and discussed. In term of the computer game design and
learning activities were a little bit complicated to use. In addition, the document work should
be modified to be suitable to high school student level. This should be improved and
revised to make it more suitable. As the experts’ comments and suggestions, the game
computer was redesigned and redeveloped, along with the related learning materials. All

the curriculum unit materials were to be used in the first trial study.

1.2 Results from the First Trial Study

Before conducting the first trial study, the researcher did develop the first version of
the game computer Nano X Project and relating materials. The developed game computer
and relating materials were used with six non subject students, but had the required
characteristics for the research study. This initial study was to check the design and
usability of the game computer and relating learning materials. In this study, the science
learning achievement test draft was used to check students’ increment of conceptual
understandings of the fundamental nanosciene and nanotechnology. In addition, focus
group discussion and interview with three selected students were used to reflect and get in-

depth data to check the design and usability. From the study, it was found that the
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epistemic platform for science learning with a computer game is positive in term of students’
conceptual understanding increment and motivation. It is also found that the ability to
engage in inquiry in an authentic setting was powerful for students. However, some
modifications were needed on computer game design. The provided useful data from the
initial study were used to re-design and develop the computer game and surrounded
learning activities along with other learning materials. These were set and used in the first
trial study.

In the first trial study, all the developed curriculum unit materials were used with
nine participating high school students. The nine high school students from grade 12"
(Matayomsuksa 6) in the first academic year of 2010 at the Demonstration of Naresuan
University, Phitsanulok, were chosen by volunteering and screened by interviewing in term
of characteristics of the sample. The curriculum unit was used in the periods of students’
self study which was four hours each week: two hours on Tuesday and other two on
Thursday. The nine students were randomly divided into three group of three and
performed the learning activities in periods of time shown as follows: The learning unit 1
was set and run on June Tuesday 15" and Thursday 17", 2010, the learning unit 2 was set
and run on June Tuesday PO%, Thursday 24" and Tuesday 29" 2010 and the learning unit 3
was set and run on July 1%,2010. In this study, the employed research tools were science
learning achievement test, and the question set for focus group discussion and individual
interview.

As data collection, science learning achievement tests were used to all students
before and after intervention of the curriculum unit. For focus group discussion, six students
were randomly chosen. Individual interview technique was used with three selected
students according to their performance on the test: top, middle and lowest scorers. The

data were presented and described respectively as follows:

Students Science Learning Achievement

The science learning achievement test scores were calculated and are

presented in the TABLE 7.
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TABLE 7 THE COMPARISON OF SCIENCE LEARNING ACHIEVEMENT MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE FIRST TRIAL STUDY

Score N df M S.D. t. 0
Pre-Test 9 8 8.33 1.41
16.867 0.05
Post-Test 9 8 21.33 4.24
Tioos, ar = 2:306  df = N-1

The results from the TABLE 7 show that the mean score are significantly
different at the 0.05 level. This indicated that students’ learning achievement post-test
scores are higher than the pre-test ones. As a result, it was confirmed that the curriculum
unit effect on students learning is positive in term of conceptual understanding increment.

To get data for redesign and redevelop the curriculum unit, the researcher
examined the participating students’ opinion towards the curriculum unit using the question
set for focus group discussion and individual interview. The data obtained from the focus
group discussion and individual interview were inductively analyzed and presented as the
followings.

There were some suggestions on the computer game program and it related
learning materials from qualitative data of focus group discussion and individual interview.
There were some modification needed to be fixed on the computer game interfaces and
interaction design. For the computer game interface, there were incorrect words in the
dialogue and the message boxes were too big and the sentences were too long. These
suggestions and comments were taken to consideration to adjust and redesign and
redevelop the computer game program according to the comments. For the computer
game interaction, there was a need to place more guiding system for users to help them get
along with the story line of the game. The document work papers in gameplay, such as

game proposal form, were too long and the words were too complicated for students to
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understand. These comments inform the researcher to modify the game proposal form and
simplify the words and messages in the form.

As a result, the game computer was re-designed and developed in order to be
used in the next round of the study. In addition, its related materials were also improved

and ready to be used in the next round of the study.

1.3 Results from the Second Trial Study

In the second trial study, all the developed curriculum unit materials were used with
33 participating high school students to check their qualities before being used in the
implementation study. The 33 high school students from grade 12" (Matayomsuksa 6) in
the first academic year of 2010 at the Demonstration of Naresuan University, Phitsanulok,
were set in the classroom setting.  All were screened by interviewing in term of
characteristics of the sample. The curriculum unit was used in the periods of students’ self
study which was four hours each week: two hours on Tuesday and other two on Thursday.
The 33 students were randomly divided into groups of three and performed the learning
activities in periods of time shown as follows: The learning unit 1 was set and run on August
Tuesday 17" and Thursday 19", 2010, the learning unit 2 was set and run on June Tuesday
24m, Thursday 26”, and September 8" 2010 and the learning unit 3 was set and run on
September 9%, 2010. In this study, the employed research tools were science learning
achievement test, the strategic problem solving ability test, the attitude towards science
measure, the questionnaire of students’ opinion towards the curriculum unit, the question set
for focus group discussion and individual interview. These research tools were used to
check their validity and quality before being used in the main study of implementation.

As data collection, science learning achievement tests and the strategic problem
solving ability tests were used to all students before and after intervention of the curriculum
unit. Moreover, the questionnaires of students’ opinion towards the curriculum unit and the
attitude towards science measure were also used to all students after the intervention. For
focus group discussion, nine students were randomly chosen. Individual interview

technique was used with three selected students according to their performance on the test,
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top, middle and lowest scorers. The data were presented and described respectively as
follows:

1.3.1 Science Learning Achievement

The students’ learning achievement test was designed using 50 items of
multiple-choice questions .This test was verified using the IOC between test items and
learning objectives by the three experts to examine the consistency of items and learning
objectives. After checking and revising some test items for wording according to their
suggestions, the students’ science learning achievement test was used before and after the
intervention of the curriculum unit. The students’ science learning achievement test scores
after intervention of the curriculum unit were used for testing the items difficulty (p) and the
items-discrimination index (r). To select the test items for the achievement test, the 40 test
items were chosen by considering the p value and the r value for using in the curriculum unit
implementation. The reliability of the selected science learning achievement test by KR-20
is 0.76.

The science learning achievement test scores in the second trial study were

calculated and are presented in the TABLE 8.

TABLE 8 THE COMPARISON OF SCIENCE LEARNING ACHIEVEMENT MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE SECOND TRIAL STUDY

Score N df M S.D. t. o
Pre-Test 33 32 9.45 2.68
9.834 0.05
Post-Test 33 32 22.24 4.24
T =2.0369 df =N-1

(0.05, df 32)
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The results from the TABLE 8 show that the mean score are significantly different at
the 0.05 level. This indicated that students’ learning achievement post-test scores are
higher than the pre-test ones. As a result, it was confirmed that the curriculum unit effect on
students learning is positive in term of conceptual understanding increment. This result

similarly confirms the results from the first trial study.

1.3.2 The Strategic Problem Solving Ability Test

The strategic problem solving ability test is a multiple choice test with four
alternatives. The test consists of five main items and each item consists of four sub-ordered
question items, totally 20 items. For the test, the problematic situation and information is
given and the following four step questions were asked to students to assess their abilities in
each step. Each of the four steps question consisting of four test items and there is only one
correct answer. The strategic problem solving test consists of five main problematic
situations. This test was verified the IOC between test items and learning objectives by the
three experts to examine the consistency of items and learning objectives. After checking
and revising some test items for wording according to their suggestions, the students’
strategic problem solving ability test was used before and after the intervention of the
curriculum unit. The students’ strategic problem solving ability test scores after intervention
of the curriculum unit were used for testing the items difficulty (p) and the items-
discrimination index (r). The researcher developed eight main items of the strategic
problem solving ability test, totally 32 items. The researcher chose only five main items,
totally 20, by considering the p and the r value. The selected test items were used in the
implementation study. The reliability of the test by KR-20 is 0.60.

The strategic problem solving test scores in the second trial study were

calculated and are presented in the TABLE 9.
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TABLE 9 THE COMPARISON OF STRATEGIC PROBLEM SOLVING ABILITY MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE SECOND TRIAL STUDY

Score N df M sD. t .
Pre-Test 33 32 4.91 1.61
14.649 0.05
Post-Test 33 32 13.42 4.67
T(o.05, df32) 2.0369 df = N-1

From the TABLE 9, the result shows that the students’ strategic problem solving
post test mean score is significantly higher than that of the pre test one at 0.05 level.
This means that the students learning through the curriculum unit have a significantly
improvement in term of strategic problem solving ability in science learning. This result is to

confirm the positive effect on the students’ thinking ability of strategic problem solving.

1.3.3 The Students’ Attitude towards Science

The Students’ attitude towards science measure consists of 16 items. These
items are five-point rating Likert Scale: 1= strongly disagree, 2 = disagree, 3 = neutral, 4 =
agree and 5 = strongly agree. The measure also has the blank space for students writing
their comments. The measure was used before and after the intervention of the curriculum
unit. The measure’s reliability is 0.89.

To examine the effect of the curriculum unit on the students’ attitude towards
science, the students’ attitude towards science pre and post test mean scores were

calculated and presented in TABLE 10.



118

TABLE 10 THE COMPARISON OF ATTITUDE TOWARDS SCIENCE MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE SECOND TRIAL STUDY

Score N df M S.D.. t o
Pre-Test 33 32 3.37  0.31
4.461 0.05
Post-Test 33 32 424  0.25
T =2.0369 df =N-1

(0.05, df 32)

As shown in the TABLE 10, the result shows that the students’ attitude towards
science post test mean score is significantly higher than that of the pre test one at 0.05
level. This means that the students learning though the curriculum unit have a significantly

improvement in term of attitude towards science.

1.3.4 The Students’ Opinion towards the Curriculum Unit

The guestionnaire of the students’ opinion towards the curriculum unit consists
of 15 items. These items are five-point rating Likert Scale: 1= strongly disagree, 2 =
disagree, 3 = neutral, 4 = agree and 5 = strongly agree. The questionnaire also has the
blank space for students writing their comments at the end of the form. The questionnaire

was used after the intervention of the curriculum unit.

TABLE 11 THE OVERALL RATING LEVEL OF STUDENTS’ OPINION TOAWARDS THE
CURRICULUM UNIT FROM THE SECOND TRIAL STUDY

Score N criteria Mean S.D. t 0

Overall of the 33 3.51 4.12 0.68 11.08 0.05

Curriculum unit
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The students’ opinion toward the curriculum unit mean score is significantly
higher than the criterion of 3.51 at the 0.05 level of significance. This indicates that the

students have positive opinions towards the curriculum units.

1.3.5 Classroom Observation Form

The classroom observation form consists of 6 open-ended descriptive data
items developed by the researcher. The form was ready to be used without any comment
from the experts. The form was used during the learning activities in the implementation
study.

1.3.6. Teacher’s Opinion towards the Curriculum Unit Interview Form

The teacher’s opinion towards the curriculum unit interview form consists of 10
open-ended questions developed by the researcher. The form was ready to be used without
any comment from the experts. The form was used with the participating teacher after the

intervention of the curriculum unit in the implementation study.

2. PHASE Il the Implementation of the Curriculum Unit of the Epistemic Platform
From the initial, the first trial, and second trial studies, all the curriculum unit
materials and research instrument and tools were verified and ready to be used in the
implementation study. Before the implementation, the participating teacher named” miss
Parnsiri Moonsri, personal information detailed in the Appendix, was in the mini training
workshop with the researcher to study and practice with the curriculum unit materials. In the
implementation study, all the developed curriculum unit materials were used with 32
participating high school students to examine the effect of the curriculum unit on the
students’ science learning achievement, strategic problem solving ability, attitude towards
science, opinion towards the curriculum unit and the participating teacher’s opinion towards
the curriculum unit. The 32 high school students from grade 12" (Matayomsuksa 6) in the
second academic year of 2010 at the Demonstration of Naresuan University, Phitsanulok,
were set and run in the classroom setting. All were screened by interviewing in term of
characteristics of the sample. The curriculum unit was used in the periods of students’ self

study which was four hours each week: two hours on Tuesday and other two on Thursday.
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The 32 students were randomly divided into groups of three and performed the learning
activities in periods of time shown as follows: The learning unit 1 was set and run on
November Monday 8" and Tuesday 9m, 2010, the learning unit 2 was set and run on
November Monday 22" Tuesday 23", and Monday 29" 2010 and the learning unit 3 was
set and run on November Tuesday 30", 2010. However, as there were some technical
problems with the participating students for entering the class on November Tuesday 30",
2010, the backup periods on December Monday 13 and Tuesday 14, 2010 were re-set and
re-run to accomplish the implementation. In this study, all the verified curriculum unit
materials were used and the employed research tools were science learning achievement
test, the strategic problem solving ability test, the attitude towards science measure, the
questionnaire of students’ opinion towards the curriculum unit, the question set for focus
group discussion and individual interview with selected students, classroom observation
from and the participating teacher’ opinion towards the curriculum unit. The data, both
quantitative and qualitative, from the implementation study were presented and described

respectively,

2.1 Student’s Science Learning Achievement

For examining the effect of the curriculum unit, the students’ science learning
achievement improvement was inspected by using pre-and post test scores from the
science learning achievement tests employed before and after the intervention. The data

were calculated and shown in the following table.
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TABLE 12 THE COMPARISON OF SCIENCE LEARNING ACHIEVEMENT MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE IMPLEMENTATION STUDY

Score N df M S.D. t. 0
Pre-Test 32 31 8.815 3.07
12.834 0.05
Post-Test 32 31 21.00 4.63
T =2.0345 df =N-1

(0.05, df 31)

From the TABLE 12, the result shows that the students’ science learning
achievement post test mean score is significantly higher that of the pre test one at 0.05
level. This means that the students learning though the curriculum unit have a significantly

improvement on science learning achievement.

2.2 Students’ Strategic Problem Solving Ability

Besides the science learning achievement improvement in examining the effect of
the curriculum unit, the students’ strategic problem solving ability improvement was also
inspected by using pre and post test scores from the strategic problem solving ability tests
employed before and after the intervention. The data were calculated and shown in the

following table.
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TABLE 13 THE COMPARISON OF STRATEGIC PROBLEM SOLVING ABILITY MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE IMPLEMENTATION STUDY

Score N df M S.D. t o
Pre-Test 32 31 4812 1.59

9.844 0.05
Post-Test 32 31 12.09 4.09

Toos arzny = 2.0345  df = N-1

From the TABLE 13, the result shows that the students’ strategic problem solving
post test mean score is significantly higher than that of the pre test one at 0.05 level. This
means that the students learning though the curriculum unit have a significantly

improvement in term of strategic problem solving ability in science learning.

2.3 Students’ Attitude towards Science
To examine the students’ attitude towards science improvement, the attitude
towards science mean score was used to inspect another aspect of the curriculum unit

effect. The data were calculated and presented in the TABLE 14.

TABLE 14 THE COMPARISON OF ATTITUDE TOWARDS SCIENCE MEAN SCORE
BETWEEN BEFORE AND AFTER INTERVENTION OF THE IMPLEMENTATION STUDY

Score N df M S.D.. t o

Pre-Test 32 31 3.23 040

4.246 0.05
Post-Test 32 31 4.01 0.56
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Toos arzny = 2.0345  df = N-1

As shown in the TABLE 14, the result shows that the students’ attitude towards
science post test mean score is significantly higher than that of the pre test one at 0.05
level. This means that the students learning though the curriculum unit have a significantly
improvement in term of attitude towards science.

In addition to the quantitative data, the qualitative ones were also provided clearer
view of the students. Most of the students expressed that they would like to learn more
about cutting edge science like nanotechnology. They wanted to continue studying

nanotechnology.

2.4 Students’ Opinion towards the Curriculum Unit

As using design based research as a large framework of the research study, main
data from the students’ opinion towards the curriculum unit were vital to the study for
redesigning and redeveloping the curriculum unit. In the implementation study, these data
were used to confirm the effect of the curriculum unit. In addition, the data were also used
to inform any further improvement for the future use by interested teachers and students.
The data were calculated and presented as follows:

Overall, it could be concluded that the student’s have positive opinion towards the
curriculum unit. However, as to confirm the effect of the curriculum unit, the statistic of one

sample t-test analysis was used. The data was calculated and presented in the TABLE15.

TABLE 15 THE OVERALL RATING LEVEL OF STUDENTS’ OPINION TOAWARDS THE
CURRICULUM UNIT FROM THE IMPLEMENTATION STUDY

Score N criteria Mean S.D. t o

Overall of the 32 3.51 4.16 0.57 9.45. 0.05

Curriculum unit
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From the TABLE 15 the mean score and the criteria were used for the calculation. It
is shown that the students’ opinion mean score toward the curriculum unit was significantly
higher than the criterion of 3.51 at the 0.05 level.

Moreover, the qualitative data on the students’ opinions expression at the
end of questionnaire were used to assess their impression and suggestions. The data were
analyzed using logical induction and presented in the way of descriptive report as follows.

1. The content of the curriculum unit are cutting-edge and very interesting for
the students. It is exciting for the students to learn and experience the new content of
nanoscience and nanotechnology. It was implied that the content of nanoscience and
nanotechnology could interest the students.

2. As of the computer game used in the curriculum unit, the students expressed
that it is such a new kind of science learning that they never saw before. The learning
experiences the students had help them related the knowledge to the real world. As a result,
it was implied that the computer game and its related materials are engaged and powerful
for the students.

3. As of the computer game tasks given during the gamplay, the students
showed their impression on the research team building task in the Nano X Project episode
1. They had opportunities to acquire new knowledge along the game interface interaction.
As a result, this was implied that gameplay activities and game interaction were positive in
term of student and the computer game interactions.

4. For the learning activities of the learning unit 2, the Nano X Project running,
the strategic problem solving technique was incorporated. The students expressed that the
strategic problem solving technique was interesting and could be used in other situation in
their real life. However, in the practicing with the paper work, the students suggested that it
was too hard for them to get the idea of the strategic problem solving technigue to be used
in the problematic situation. This implied that the incorporating strategic problem solving
technique into science learning activities is interesting but it is needed to consider the
content and context of problematic situations.

5. For the problems of the learning activities, the students suggested that the

sequences of the gameplay tasks were confused to them. As thus, they need more
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information from the game or the teacher to perform the task smoothly. It was implied that

the learning activities should be modified and simplified for the students.

2.5 The Results of Qualitative Data from Focus Group Discussion and Individual
Interview

In the implementation study, the question set was used for focus group discussion
and individual interview. For the focus group discussion, the nine students were randomly
chosen and divided into three groups of three. Each group was given the question and
leaded by the researcher. For the individual interview, the three students were selected
according to their performance on the science learning achievement test score. The
qualitative data were used to confirm the effect of the curriculum unit on the students and
also for redesigning and redeveloping the curriculum unit for the future development and
application. The data were collected by note taking and audio recording and then analyzed
by logical induction. From the eight questions in the question set used to ask the selected
students to response, all data were logically summarized and described. As thus, the
results are presented in the way of descriptive report as follows.

For the students’ response to the question 1, it was inductively summarized that the
students enjoyed the learning activities through various kinds of interaction such as
interaction with their peers, interaction with the computer game, interaction with the teacher.
They had learnt the way the scientists work and think in science process.

For the students’ response to the question 2, it was inductively summarized that
students preferred this kind of learning activities because they had chances to plan and
freely look for pieces of information for their own learning. As compared to the traditional
method, the learning activities of the curriculum unit were provided them of authentic
learning experiences that can lead to the in depth understandings.

For the students’ response to the question 3, it was inductively summarized that the
students mostly preferred the interaction with the computer game to find the information
needed for the assignment task in the gameplay. Some preferred working within the group
during the gameplay on the game interface. This implied that student preferred working on

the interaction with the game computer.
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For the students’ response to the question 4, it was inductively summarized that
even though most of the students in the focus group discussion and individual interview
preferred the interaction with the computer game, there were some parts of the game
interface needed to be fixed and some guiding frame or hint boxes needed to be added to
the game interface to guide the students in getting along with the gameplay. In addition, the
messages were too long and needed to shorten and clearer.

For the students’ response to the question 5, it was inductively summarized that the
students had chances to learn real practical work of science research and developed
thinking abilities in the ways science researchers use. They also learned and developed
their own learning abilities.

For the students’ response to the question 6, it was inductively summarized that
nearly all students preferred this kind of learning experiences. They expressed positive
feeling on the science learning activities compared to the traditional teaching method.

For the students’ response to the question 7, there were comments on the activity
duration. The students expressed that some part of the gameplay activities needed more
time to complete and they need more time for learning the nanotechnology content
embedded in the game.

As conclusion, the epistemic platform for science learning with a computer game is
positive in term of the students’ preference and learning ability development. However, the
curriculum unit materials were still needed to be modified. This information was very useful

for further development.

2.6 Teacher’s Opinion towards the Curriculum Unit

In term of end user perspective, the data from the teacher using the curriculum
materials was collected using the question set for examining the teacher opinion towards
the curriculum unit. The teacher named” miss Pharnsiri Moonsri” was asked to join the
curriculum unit implementation. She is a five year experienced chemistry teacher at the
Demonstration School of Naresuan University. The data were collected by note taking and

audio recording and then analyzed by logical induction. These data were personal opinion,
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expressed after using the curriculum unit. The results are presented in the way of
descriptive report as the whole view.

The teacher expressed that she preferred the curriculum unit in overall view.
However, she also commented that the structure and sequences of the learning activities
were a little bit confusing for teacher role and the actions needed to be taken during the
gameplay, off screen, group, and class activities. Even though working closely with the
researcher, she still suggested that teacher need more time to learn and should have
chance to practicing in running the learning activities. For the Learn to Play-Play to Learn
learning approach (LPPL) used in this game like learning, the teacher expressed that she
was not familiar with the approach. As such, she took more time on her own to study more
and consulted with the researcher. However, she expressed that the components and the
structure of the LPPL approach was in consistency with the sequences of the computer
game activities and she preferred the LPPL learning approach. As thus, the LPPL supports
the learning activities with the computer game. In term of science learning assessment, she
informed that she was familiar with the assessment instruments. Thus, there is no problem in
using the test instruments. According to the science learning activities and the LPPL
approach, she informed that she satisfied with the consistency of the two. In term of
redesigning and redeveloping the curriculum unit, the teacher informed some
disadvantages that needed to be improved, such as the computer game interaction and its
scoring system.

In overall view, the teacher expressed her satisfaction with the curriculum unit at
high level. However, to implement the curriculum unit with the confidence, she expressed

that she need to run few more time.

2.7 The Results from Classroom Observation

To examine the mechanism and movement of the science learning with the
computer game, various kinds of interactions and dynamics of learning activities were
probed and inductively analyzed. The key interactions observed consisted of 1) student-
game interaction, 2) student-student interaction, 3) teacher-student interaction, 4) the

dynamics and flow of learning activities, 5) Classroom atmosphere, and the 6) students’ key
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actions during learning activities. The data from classroom observation were summarily
presented as follows.

In term of the student-game interaction, the student spent more than twice in
gameplay activities for trial in the first time and other time for accomplishing the game tasks
and learning the contents on the game interface. The students re-entered to the game for
many times to get the understandings of the game story and gameplay. Some groups of the
students searching around on the computer game interface. During the learning activities,
there were many questions posed during the interaction with the computer game. Some of
the students tried to answer their peer by his/her own understandings. From this kind of
asking and answering actions, students shared and exchanged their understandings of the
task performing. As of teacher-student interaction, during the gamplay activities and off
screen activities, students were provided with help and facilitation from the teacher as
scaffolding technique in terms of guiding question, suggestion, supportive information and
what if question. When the students got problems during the learning activities, they had to
get to the teacher to ask for help then the teacher helped and facilitated with guiding
questions and needed information for performing the game tasks and learning. For the
dynamics and flow of learning activities, as using LPPL approach, the social activities off the
screen, gameplay activities on and off the screen were switched back and forth according
to students’ abilities to accomplish the game tasks. In addition, helps from the teacher
made the learning activities flow smoothly. However, some of the students took time too
long to accomplish the tasks. The teacher needed to go and offer helps. For classroom
atmosphere, the students seriously worked as a group of three. However some groups got
stuck and confused with the game activities and the learning processes. They were offered
helps from the teacher. It seemed that the activities got the students in the stage that they
have to work by taking it too seriously. For the students’ key actions during learning
activities, there were various kinds of key actions. Those were described as the followings.
1) Many of the students’ play and interact with the computer game by not considering the
instruction and guidance, 2) all of them in ever group had discussions about how to perform
the learning activities before and during the activities, 3) all the groups asked the teacher for

helps and needed information, 4) some of the students re- entered the computer game
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program to build up their understandings of gameplay and learning through this kind of
science learning, and 5) during off screen activities, some of the students shared
information between group. These kinds of key actions were considered as some
mechanisms for student learning ability development. The data from classroom observation
informed that this kind of science learning is a kind of an active learner approach. It is also

in consistency with the idea of student-centered science learning.

2.8 The Statistical Testing of the Hypotheses

To confirm the effect of the curriculum unit, various kinds of data and statistic
analyses were used to test the research hypotheses. Each research hypothesis are

presented and described respectively as follows:

2.8.1 Comparison of the Science Learning Achievement Pre and Post Test
Scores

In confirming the learning improvement effect of the curriculum unit on the
students, the pre and post test scores were calculated using paired sample t-test analysis
through the SPSS for window program at the 0.05 level of significance. The results are
previously presented in TABLE 12.

The TABLE 12 shows mean and standard deviation of the students’ science
learning achievement pre-test scores of 8.81 and 3.07 respectively. For the post-test scores,
the mean and standard deviation are of 21.00 and 4.63 1 respectively. In addition, the
comparison of the pre-test and the post-test scores indicated that the students’ science
learning achievement post test mean score after the intervention of the curriculum unit was
significantly higher than that of the before one at the 0.05 level.

As conclusion, the statistic result confirms that the students’ science learning
achievement in the study positively change after performing the science learning activities
of the epistemic platform for science learning with a computer game on nanoscience and
nanotechnology, in the case of nanomaterial, in term of change in post-pretest scores at the
0.05 level of significance. This result supports the research hypothesis 1.

2.8.2 Comparison of the Strategic Problem Solving Ability Pre and Post Test

Scores
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In confirming the learning improvement effect of the curriculum unit on the
students, the strategic problem solving ability pre and post test scores were calculated
using paired sample t-test analysis through the SPSS for window program at the 0.05 level
of significance. The results are previously presented in TABLE 13,

The TABLE 13 shows mean and standard deviation of the students’ strategic
problem solving ability pre-test scores of 4.81 and 1.59 respectively. For the post-test
scores, the mean and standard deviation are of 12.09 and 4.09 respectively. In addition, the
comparison of the pre-test and the post-test scores indicated that the students’ strategic
problem solving ability post test mean score after the intervention of the curriculum unit was
significantly higher than that of the before one at the 0.05 level.

As conclusion, the statistic result confirms that the students’ strategic problem solving ability
improvement in the study has been positively changed. This result supports the research
hypothesis 2.

2.8.3 Comparison of the Attitude towards Science Pre and Post Test Scores

As stated in the hypothesis 3 that Students’ attitude toward science after the
intervention of the curriculum unit is significantly higher than that of the before at 0.05 level,
the result from the TABLE 14 is shown that the calculated statistic value is in consistency
with the hypothesis 3. From the TABLE 14 mentioned previously, it is confirmed that the
students’ attitude towards science mean score after the intervention of the curriculum unit is
significantly higher than that of the before one. In conclusion, this statistical result supports
the hypothesis 3.

2.8.4 The Result of the Students’ Opinion towards the Curriculum unit

As stated in the hypothesis 4 that the students’ opinion score towards the
curriculum unit of the epistemic platform after using the curriculum unit was significantly
higher at the 0.05 level. Accordingly, the result from TABLE 15 confirms that the students’
opinion towards the curriculum unit mean score is significantly higher than the determined
criteria of 3.51. In conclusion, this result supports the hypothesis 4.

2.8.5 The Result of the Teacher’s Opinion towards the Curriculum Unit

As stated in the hypothesis that the teacher who implements the epistemic

platform has highly positive opinions towards the epistemic platform, but there is no
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statistical analysis to confirm the hypothesis. However, from the qualitative data inductively
summarized in the previous session, it is can be inferred that the teacher prefers the
curriculum wunit in term of an active learning tool for students in authentic learning
experiences. As thus, the result from this session does not support the hypothesis but

implies the positive opinion towards the curriculum unit of the participating teacher.

3. Summary of the Research Results

As using design based research as a large framework for the research study,
various kinds of research instruments and tools were employed for collecting both
qualitative and quantitative data. Accordingly, the data collected and analyzed were used
to examine the effects of the epistemic platform of science learning with a computer in
learning fundamental nanoscience and nanotechnology on the participating students in the
study. The studied effects were as follows: the students’ science learning achievement,
strategic problem solving ability, attitude towards science, opinion towards the curriculum
unit, and the teacher’s opinion towards the curriculum unit. In addition, to get in depth
understandings of the effects of the epistemic platform, qualitative data were collected and
analyzed to get the whole views. The results and findings of the study are summarized as
follows:

1) The students had improvement in science learning achievement confirmed
by statistically significant change in the science learning achievement post-pre test scores
at 0.05 level,

2) The students had improvement in strategic problem solving ability in science
learning confirmed by statistically significant change in strategic problem solving ability
post-pre test scores at 0.05 level,

3) The students had improvement in attitude towards science confirmed by
statistically significant change in attitude towards science post-pre test scores at 0.05 level,

4) The students had highly positive towards the curriculum unit of the epistemic
platform confirmed by being statistically higher than the criteria of 3.51 at 0.05 level, and

5) The teacher had positive towards the curriculum unit of the epistemic

platform confirmed by logical inductive qualitative data.
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In addition, the qualitative data shows the positive impact of the epistemic platform
of nanoscience and nanotechnology with a computer game on high school students. This
kind of learning experience supports science learning in both conceptual and procedural
knowledge. However, there are still modifications needed to make the epistemic platform

better for further study and future use and application in other science classes.



CHAPTER 5
CONCLUSIONS, DISCUSSIONS AND RECOMMENDATIONS

This last chapter presents the conclusions, discussions and recommendations of
the study. The summaries as the whole view of the research study are briefly presented.
In addition the results and findings were also discussed and explained in terms of
theoretical explanations and related previous research. The chapter ends with the

recommendations for policy making, applications and further research study.

1. The Conclusion of the Research Study

In comparison with genetic engineering, nanotechnology looks like being the other
big growth area this century. Nanotechnology is the meeting ground of engineering,
biology, physics, medicine, and chemistry. For high school science, nanotechnology is an
exciting scientific area that can stimulate interest in science and engineering while teaching
basic principles of physics, biology and chemistry that fit into the goals for students in the
national science curriculum standards. Therefore, it is useful and helpful for young
generations such as high school students to understand the basic science concepts of
nanotechnology to live their lives happily without fear and for some who want to continue
their study in nanotechnology. Learning basic science concepts of nanoscience and
nanotechnology by investigating properties of nanomaterial through computer game based
science learning is the center of this study.

The research study was to develop and examine the epistemic platform for science
learning with a computer game on the content of fundamental nanoscience and
nanotechnology. In developing the epistemic platform, the researcher employed
educationally potential elements and devices of the current forms of digital games and their
associated technologies by incorporating them into the instructional design for the study.
This resulted in a game-like learning environment that consisted of a computer game and
the Learn to Play and Play to Learn Approach. As a result, the curriculum unit was

developed by employed the ideas mentioned previously. The curriculum unit of the
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epistemic platform for science learning with a computer game in learning fundamental
nanoscience and nanotechnology was developed and divided into the three science
learning units. The three learning units were conducted with high school students,
previously call Level 4 or Matayomsuksa 4-6 in Thailand educational system. The briefs of

the whole research study are presented respectively as follows.

1.1 The Purpose of Research Study
The purposes of this study are summarized as follows:

1) To develop the epistemic platform for science learning with a computer game
on the content of nanoscience and nanotechnology, using nanomaterial in particular,
facilitated by Learn to Play and Play to Learn Approach for level 4 (Upper Secondary)
students, in the previous Thai educational system called Mathayomsuksa 4-6,

2) To examine the effect of the epistemic platform on students’ science learning
achievement, strategic problem solving abilities, and attitude towards science, and

3) To find out whether this kind of learning can be fit into the existing science

curriculum.

1.2 Research Questions and Hypotheses

The main research question of this study is shown as follows:
What are advantages of the use of the epistemic platform for science learning with
a computer game for level 4 (Matayousuksa 4-6) science students in learning fundamental
nanoscience and nanotechnology concepts?
The main research question is diversified into the three sub-questions presented
below:
*What are effects of the epistemic platform on students’ science learning
achievement, strategic problem solving ability, and attitude towards science?
*Is there any advantage in the use of the epistemic platform in the view of
students and teachers?
In order to be consistent to the research questions above, the hypotheses of this

study are obtained as the followings:
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1. The students’ science learning achievement in the study positively change
after performing the science learning activities of the epistemic platform for science learning
with a computer game on nanoscience and nanotechnology, in the case of nanomaterial, in
term of change in post-pretest scores at the 0.05 level of significance.

2. Students who perform the activities of the epistemic platform have strategic
problem solving ability improvement in term of change in post-pre test scores at the 0.05 at
level.

3. Students’ attitude toward science after the intervention of the curriculum unit
of the epistemic platform is significantly higher than that of the before at 0.05 level.

4. The students’ opinion score toward the curriculum unit of the epistemic
platform after using the curriculum unit was significantly higher at the 0.05 level.

5. Teacher who implements the epistemic platform has highly positive opinions

towards the curriculum unit of the epistemic platform.

1.3 Population and Samples

The population

The population of this study was the students who studied in science program
in level 4 (Matayomsuksa 4-6), and already completed two semesters of biology, physics,
and chemistry, at the Demonstration school of Naresuan University (Mathayomsuksa) in
Phitsanulok, Thailand. The school site is equipped with microcomputers or notebook
computer with the Internet connection.

The samples

The samples of this study were the students who studied in science program in
level 4 (Matayomsuksa 4-6), and already completed two semesters of biology, physics, and
chemistry, at the Demonstration school of Naresuan University in Phitsanulok, Thailand. The
samples were students who are interested in attending the curriculum unit of the epistemic
platform. As thus, the samples of 32 students from grade 12" were obtained. The group of

32 students was set for the main implementation study.
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1.4 Research Instruments and Tools
The research instruments used in the study are as follows:
1) The Curriculum unit of the epistemic platform
a. The Computer game “Nano X Project”
b.Teacher use set
c. Student use set
d.Related materials
2) The classroom observation form,
3) The science learning achievement test
4) The attitudes towards science measure
5) The strategic problem solving ability test
6) The experts’ curriculum unit evaluation form
7) The question set for focus group discussion and individual interview.
8) The questionnaire of the students’ opinion towards the curriculum unit
9) The participating teacher’s opinion towards the curriculum unit interview

form

1.5 Research Procedures

The epistemic platform for nanoscience and nanotechnology with a computer
game was developed and considered as the curriculum unit for level 4 science students.
The curriculum unit was developed and set as the three science learning units. The learning
management strategy for using the curriculum unit in classroom instruction is the Learn to
Play and Play to Learn learning approach (LPPL) developed by the researcher. As the main
purpose of the study was to develop and investigate an innovation for science teaching and
learning, the researcher employ design based research (Brown.1992; & Collin. 1992) as a
large framework for the research study. Barab and Squire (2004) clarifed that design
based-research involves introducing innovations into the booming, buzzing confusion of
real-world practice, not as that in laboratory context, and examining the impact of those

designs on learning process.
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As to develop an innovation for science teaching and learning, there were many

steps to find out what happened when the epistemic platform for science learning with a
computer game was used in the high school classroom. In this research study, the two
main phases of the study are briefly described respectively as follows.

Phase 1 The development of the curriculum unit of the epistemic platform for
science learning with a computer game

In this phase, the curriculum unit materials, especially the computer game, were
designed and developed. Before developing the curriculum unit, the initial study was
conducted. The very first version of the computer game was developed and tested for
checking the design and usability with six non sample students. After getting data for
redesigning and redeveloping the initial study, all the curriculum unit materials were
developed accordingly and set for the first trial study. In the first trial study, nine students
joined in running the curriculum unit. The learning unit 1 was set and run on June Tuesday
15" and Thursday 17m, 2010, the learning unit 2 was set and run on June Tuesday 22nd,
Thursday 24", and Tuesday 29" 2010 and the learning unit 3 was set and run on July 1%
2010. Science learning achievement test was used before and after the intervention of the
curriculum unit. In addition, the opinion towards the curriculum unit questionnaire was also
employed along with focus group discussion and individual interview using the question set
after the intervention. As thus, the data obtained from the first trial study were used to
redesign and redevelop the curriculum unit materials and then got ready for the second trial
study with the larger scale, with 33 students from the > grade in the first semester of 2010
academic year at the Demonstration School of Naresuan University in Phitsanulok, Thailand.
The learning unit 1 was set and run on August Tuesday 17" and Thursday 19", 2010, the
learning unit 2 was set and run on June Tuesday 24th, Thursday 26th, and September g"
2010 and the learning unit 3 was set and run on September 9%, 2010.

Before running the curriculum unit in the second trial study, all the curriculum
unit materials along with other research instruments and tools were developed and handed
in to the three experts the check their qualities and validities in terms of the experts’

perspectives.
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In the second trial study, all the curriculum unit materials and research tools
were used for checking their qualities and validities, especially for the research tool such as
the science learning achievement test, the strategic problem solving ability test, the attitude
towards science measure, etc.

After the second trial study was done, all the data were taken to consideration
and calculation in order to check the readiness of the curriculum unit for the implementation
study. As thus, all the ready curriculum materials and research tools were used in
implementation study.

Part 1l the implement of the curriculum unit

In the implementation study of the curriculum unit, the 32 students from the 12"
grade in the second semester of 2010 academic year at the Demonstration School of
Naresuan University in Phitsanulok, Thailand. The learning unit 1 was set and run on
November Monday 8" and Tuesday 9", 2010, the learning unit 2 was set and run on
November Monday 22"d, Tuesday 23th, and Monday 29" 2010 and the learning unit 3 was
set and run on November Tuesday 30", 2010. The science learning achievement test, the
strategic problem solving ability test and the attitude towards science measure were used
before and after the intervention. The students’ opinion towards the curriculum unit
questionnaire was used after the intervention. To get in depth data, the question set for
focus group discussion with three groups of three students, nine in total, randomly selected
and individual interview with three students specifically selected according their
performance in science learning achievement test score; high, middle, and low scorers. To
find out more about advantages of the curriculum unit, classroom observation form was
used to inspect the learning activity dynamics and flows. In term of the teacher's
perspective on the curriculum unit, the teacher's opinion towards the curriculum unit

interview form was used.

1.6 Results of the Study
1.6.1 Results from the Curriculum Unit Evaluation by the Experts
Consistency

The results of Index of Item Objective Consistency (IOC) showed mean scores

between 0.67 -1.00, indicating that every component of curriculum unit evaluated by the
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three experts is consistent with one another. However, it was noticed that the evaluated item
9 was lower than the others. This could be the reason that this kind of content is very new
and mostly found in the university levels and not found in the national science curriculum
standards. As thus, the curriculum unit was designed and developed to suitable to high
school students in term of the design of a game computer, science learning activities, and
related learning materials.

In term of the experts’ perspectives on qualities of the curriculum unit, the mean

score of 3.67 to 4.33 indicates that the curriculum unit is suitable and has high quality.
As the results, it is implied that the curriculum unit is appropriate in terms of content, the
learning approach, Integration of strategic problem solving technique, teaching and
learning activities, the game computer and related learning materials, and science learning
assessment.

However, there are some notions on the computer game Nano X Project used
for science learning activities. Its mean score was low compared to other components of
the curriculum unit. This was taken to consideration of the game design and then re
designed and developed. In addition, the mean score learning activity duration was also
low. This was considered to be adjusted time duration to be longer. Overall, it was revealed
that the qualities of the curriculum unit were well prepared and interesting.

As thus, the curriculum unit can be used for high school students.

In addition to quantitative data, the three experts’ suggestions for improving the
curriculum unit were presented and discussed. In term of the computer game design and
learning activities were a little bit complicated to use. In addition, the document work should
be modified to be suitable to high school student level. This should be improved and
revised to make it more suitable. As the experts’ comments and suggestions, the game

computer was redesigned and redeveloped, along with the related learning materials.

1.6.2 Results from the First Trial Study
The results from the first trial study show that the mean score are significantly
different at the 0.05 level. This indicated that students’ learning achievement post-test

scores are higher than the pre-test ones. As a result, it was confirmed that the curriculum
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unit effect on students learning is positive in term of conceptual understanding increment.
In addition, the mean scores of the students’ opinion towards the curriculum unit from the
first trial study are higher than the criteria (3.51). The statistic analysis confirms that the
mean scores of the opinion towards to the curriculum unit in overall view are significantly
different at 0.05 level. This implies that the participating students have positive opinion
towards the curriculum unit at high level.

However there were some suggestions on the computer game program and it
related learning materials from qualitative data of focus group discussion and individual
interview. There were some modification needed to be fixed on the computer game
interfaces and interaction design. For the computer game interface, there were incorrect
words in the dialogue and the message boxes were too big and the sentences were too
long. These suggestions and comments were taken to consideration to adjust and redesign
and redevelop the computer game program according to the comments.

For the computer game interaction, there was a need to place more guiding
system for users to help them get along with the story line of the game. The document work
papers in gameplay, such as game proposal form, were too long and the words were too
complicated for students to understand. These comments inform the researcher to modify
the game proposal form and simplify the words and messages in the form.

As a result, the game computer was re-designed and developed in order to be
used in the next round of the study. In addition, the related curriculum unit materials were
also improved in line with the suggestion and opinions

1.6.3 Results from the Second Trial Study

Even though the second trial study was conducted mainly for checking the
research tools’ qualities and validities before using in the implementation study, the data
were also collected to be used for redesigning and redeveloping the curriculum unit. As
thus, the collected data were used for both checking the research tools and for informing
the curriculum unit development. For the data used for the curriculum unit development, the
brief information is described as follows.

The results from the second trial study show that the mean score are

significantly different at the 0.05 level. This indicated that students’ learning achievement
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post-test scores are higher than the pre-test ones. As a result, it was confirmed that the
curriculum unit effect on students learning is positive in term of conceptual understanding
increment. This result similarly confirms the results from the first trial study. For the strategic
problem solving ability, result shows that the students’ strategic problem solving post test
mean score is significantly higher than that of the pre test one at 0.05 level. This means that
the students learning though the curriculum unit have a significant improvement in term of
strategic problem solving ability in science learning. In addition, the result of the attitude
towards science shows significant improvement confirmed by statically different post-pre
mean scores. Accordingly, the students’ opinion towards the curriculum unit is significantly
higher. This is confirmed by that the students’ opinion mean score toward the curriculum
unit was significantly higher than the criterion at the 0.05 level.

1.6.4 Results from the Implementation Study

In the implementation study, the research tools with quality and validity were
employed to examine the effect of the curriculum unit on the students. The results from
various tools were briefly presented respectively as follows.

For the science learning achievement, the result shows that the students’
science learning achievement post test mean score is significantly higher that of the pre test
one at 0.05 level. This means that the students learning though the curriculum unit have a
significantly improvement on science learning achievement. The result still confirms the
positive impact of the curriculum unit on the students in term of science learning
achievement. Accordingly, in the strategic problem solving ability, the result shows that the
students’ strategic problem solving post test mean score is significantly higher than that of
the pre test one at 0.05 level. This means that the students learning though the curriculum
unit have a significantly improvement in term of strategic problem solving ability in science
learning.

For the attitude towards science, the result shows that the students’ attitude
towards science post test mean score is significantly higher than that of the pre test one at
0.05 level. This means that the students learning though the curriculum unit have a
significantly improvement in term of attitude towards science. Accordingly, for the students’

opinion towards the curriculum unit, the students’ opinions toward the



142

curriculum unit means score are at high level. It means that the students have positive
opinion towards the curriculum unit at high level.

Besides the quantitative data, qualitative data were collected and analyzed to
inform the curriculum unit development. The qualitative data from various source were
briefly described respectively as follows.

From focus group discussion and individual interview, the data informed the
modifications of the computer game interface and interaction design to make it more
suitable for the students. This is very useful information for redesigning and redeveloping
the curriculum unit.

From the classroom observation, the data showed that classroom and student
group work mechanism and flow of the science learning activities. The data were used to
support the positive effect of the curriculum unit on the students’ science learning.

In testing the research hypotheses, the results are listed as follows:

1) The students had improvement in science learning achievement
confirmed by statistically significant change in the science learning achievement post-pre
test scores at 0.05 level,

2) The students had improvement in strategic problem solving ability in
science learning confirmed by statistically significant change in strategic problem solving
ability post-pre test scores at 0.05 level,

3) The students had improvement in attitude towards science confirmed by
statistically significant change in attitude towards science post-pre test scores at 0.05 level,

4) The students had highly positive towards the curriculum unit of the
epistemic platform confirmed by being statistically higher than the criteria of 3.51, and

5) The teacher had positive towards the curriculum unit of the epistemic

platform confirmed by logical inductive qualitative data.
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2. Discussions

As the research study was to develop the epistemic platform for science learning
with  a computer game, the curriculum unit on fundamental nanoscience and
nanotechnology was developed using the framework of game computer, related learning
theories, and lessons learnt from the previous research. The three science learning units
were used in the various study phase to find out the effect on the students science learning
in terms of science learning achievement, strategic problem solving, students’ opinion
towards the curriculum unit and teacher’s opinion towards the curriculum unit. The results
from the study agreed with the research hypotheses and indicated that the epistemic
platform was effective. To get in depth about the effect of the epistemic platform, the results
and findings of the study are discussed and reflected in term of theoretical explanation and

findings from the previous related research.

2.1 The Students’ Science Learning Achievement

As stated that the students had significant improvement in term of science learning
achievement affected by the curriculum unit, the result were confirmed by post and pre test
mean score difference at 0.05 level of significance. This could be explained by the
theoretical perspectives and previous research findings described as follows.

For high school science, nanotechnology is an exciting scientific area that can
stimulate interest in science and engineering while teaching basic principles of physics,
biology and chemistry that fit into the goals for students in the national science curriculum
standards. Therefore, it is useful and helpful for young generations such as high school
students to understand the basic science concepts of nanotechnology to live their lives
happily without fear and for some who want to continue their study in nanotechnology.

In learning the new exciting contents of nanoscience and nanotechnology, high school
student should be put in the experience that provide them with authentic learning
experiences that can lead to deeper understandings, including both conceptual and
procedural knowledge. Computer game technologies are considered multiple-

representation systems and it is believed that using computer games as a framework to
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develop an epistemic platform, a novel science learning experience, is promising for
science education.

The curriculum unit of the epistemic platform for science learning with a computer
game in learning fundamental nanoscience and nanotechnology was developed in order to
provide high school students with authentic science learning experiences that lead them to
the deeper understandings, both conceptual and procedural. This kind of science learning
experiences of the curriculum unit has positive effect on students in many ways. This
statement can be supported by Shaffer and his colleagues who argue that for a particular
view of games—and of learning—as activities that are most powerful when they are
personally meaningful, experiential, social, and epistemological all at the same time
(Shaffer; et al. 2004: abstract; Gee. 2003; 2005). They further point out that video games
are good for learning because they present players with simulated worlds: worlds which, if
well constructed, are not just about facts or isolated skills, but embody particular social
practices (Shaffer; et al, 2004: abstract). In the view of social activities, video games thus
make it possible for players to participate in valued communities of practice and as a result
develop the ways of thinking that organize those practices. In addition, Gee (2005) argues
that games are good for learning because, they have the following features: 1) they can
create an embodied empathy for a complex system, 2) they are action-and-goal-directed
preparations for, and simulations of embodied experience, 3) they involve distributed
intelligence via the creation of smart tools, 4) they create opportunities for cross-functional
affiliation, 5) they allow meaning to be situated, 6) they can be open-ended, allowing for
goals and projects that meld the personal and the social.

In addition to the explanations mentioned above, some research findings also have
similarities in terms of positive effect on student learning achievement. Dede and Ketlehut,
for example, (2003) have been developing and researching River City, which uses a
Multiuser Virtual Environment Experiential Simulator (MUVEES) to introduce an engaging
multi-user virtual environment that teaches science concepts in a way that draws on
curiosity and play (http:/ /www.virtual.gmu.edu/muvees). Similarly, Quest Atlantis (QA) is a
learning and teaching project that uses a 3D multi-user environment to immerse children,

ages 9-12, in educational tasks (http:/questatlantis.org). This project is built on strategies
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from online role-playing games, QA combines strategies used in the commercial gaming
environment with lessons from educational research on learning and motivation (Barab; et
al. 2003). The series of research investigating the effects of these kinds of learning
environment are still being undertaken. Some released show positive results of engagement
and meaningful learning.  Squire and his colleagues (Squire; Barnett; Grant; &
Higginbotham. 2004; see also Jenkins; Squire; & Tan. in press; Squire. 2003) who have
worked on a computer game called “Supercharged!” to help students learn physics.
Supercharged! is an electromagnetism simulation game developed in consultation with MIT
physicist John Belcher by the Games-to-Teach project at MIT (run by Henry Jenkins,

see www.educationarcade.org). In this gameplay context, players use the game to explore

electromagnetic mazes, placing charged particles and controlling a ship which navigates
by altering its charge. The game play consists of two phases: planning and playing. Each
time players encounter a new level, they are given a limited set of charges that they can
place throughout the environment, enabling them to shape the trajectory of their ship. The
goal of the game is to help learners build stronger intuitions for electromagnetic concepts
based on perceptual and embodied experiences in a virtual world where these concepts
are instantiated in a fairly concrete way. The results show that the experimental group
outperformed the control group on conceptual exam questions. Post-interviews revealed
that both experimental and control students had improved their understanding of basic
electrostatics. However, there were some qualitative differences between the two groups.
As summary, the research findings of using game as science learning tools are in
consistency in term of supporting science learning and have positive effects on students
learning achievement.

As facilitated by the Learn to Play-Play to Learn (LPPL) learning approach, the
curriculum unit of the epistemic platform for science learning with a computer game is
theoretically rooted in the four main learning theories, namely, constructivism (John-Steiner;
& Mahn. 1996; Vygotsky. 1978) , situated learning theory (Brown, Collins and Duguid. 1989),
activity theory (Engestrom. 1987; 1993) and scaffolding theory (Vygotsky, 1989). In the
science learning activities of the epistemic platform, the students interacted with the

computer game, their peers, and the teacher through facilitation of the LPPL approach.
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In the part of Learn to Play, students researched, reasoned, and reflected what they had to
be, do, and get before getting into the gameplay on the computer game interface. The
teacher played a role as a facilitator to help students to get ready for playing. In term of
theoretical perspective, this can be supportively stated by “scaffolding theory". As
suggested by Vygotsky (1989) that tutoring or other assistance provided in a learning
setting to assist students with attaining levels of understanding is impossible for them to
achieve without assistance (Brush; & Saye. 2001). Scaffolds are tools, strategies, and
guides that support students in attaining a higher level of understanding (Hannafin; et al.
1999; Vygotsky. 1989). According to Vygotsky (1989), scaffolding is helping learners
develop their own evolving knowledge through interactions with other people. Vygotsky
(1989) viewed scaffolds as personal aid provided by a teacher or peer to help with the
learning process. Vygotsky believed that learners construct their knowledge by interacting
with other members of society and cannot be understood apart from the cultural settings.
The idea of scaffolding support the Learn to Play-Play to Learn approach in term of
teacher’s help and facilitation in learning activities on and off the screen of game computer.
After getting the role the students had to play, they had to go to the computer game
to perform the assigned task of the game. This phase was considered as the Learn to Play
part of the LPPL approach. While playing with the game computer interface, students had
chance to learn fundamental nanoscience and nanotechnology contents through various
kinds of the interaction. The information of nanoscience and nanotechnology were
conveyed to students in various form, like graphics, vdo clips, animations, message boxes
embedded in the computer game and the story of gameplay. As indicated that the
participating students have significant improvement at 0.05 level in term of science learning
achievement, from the variety of interactions through the epistemic platform, the students
learn the contents effectively. This can be explained through the views of constructivism
and situated learning theories. Using the view of constructivism, in the learning activities of
the epistemic platform, students construct their own knowledge through the interaction with
the information on the computer screen during the gameplay and also interaction with their
peers and the teacher as a facilitator. As of using a computer game as learning tools, the

science learning experiences framed the context and help the students in authentic situation



147

that lead to the deeper understandings of the concepts that have learnt. This is in
accordance with the idea of situated learning which suggested in Brown, Collins & Duguid
(1989) discussion. Brown, Collins, & Duguid (1989) and Lave & Wenger (1991) define
situated learning theory as embedded within and inseparable from participating in a system
of activity (Chaiklin;& Lave.1993; Lave.1988) deeply determined by a particular physical and
cultural setting. The unit of analysis is neither the individual nor the setting, but instead the
relationship between the two, as indicated by the student’s level of participation in the
setting (Barab;& Plucker.2002). As such, at this time knowledge was considered to be
constructed and learning was better to occur in realistic situations. As a summary, the
students gained their knowledge through the authentic science learning experiences of the
epistemic platform which were considered very close to realistic situations. This is backed
up by the situated learning perspectives.

As of the learning activities of the epistemic platform, the students worked as a
group in various kinds of the game tasks to accomplish the goals. These actions the
students took during gameplay on screen and social learning off screen activities helped
them in constructing knowledge and developing their learning skills. As thus, the students
gained their knowledge effectively. The learning occurred during the gameplay and social ,
off screen, activities could be explained through the activity theory (Engestréom. 1987; 1993).

In conclusion, the epistemic platform for science learning with a computer game
facilitated by the Learn to Play-Play to Learn (LPPL) learning approach have positive effect
on the students’ science learning achievement improvement, confirmed by the statistically
significant difference at 0.05 level of post-pre test mean score from the science learning
achievement test. The results were theoretical underpinned by the four learning theories

that are used to back up the LPPL learning approach.

2.2 The Students’ Strategic Problem Solving ability

Problem solving is one of considered higher order thinking that involves various
kinds of other thinking skills. As the problem solving in science learning should be arranged
in ways that students are provided with opportunities to face new authentic problem-solving

tasks that require them to use higher order cognitive skills, the epistemic platform for
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science learning with a computer game offered the students opportunities for doing
strategic problem solving in authentic science learning experiences enhanced through the
context of computer game that provide them with a goal driven story and determines
particular role. The strategic problem solving ability development technique was employed
and integrated into the learning activities of the epistemic platform. The idea of strategic
problem solving was drawn from problem solving in science learning and strategic thinking
Kraengsak Charernwongsak (2003: 22) and Tissana Khaemanee's problem solving
framework (2002: 310-311). Once the strategic problem solving was synthesized, it was
integrated into the epistemic platform for this research study in many forms. It was
incorporated into the computer game and paper work in the science learning activities.

When implemented in classroom setting, the curriculum unit of the epistemic
platform had shown the effect on student’s science learning achievement. In addition, it
also affected the students’ strategic problem solving ability as confirmed by the statistically
significant difference at 0.05 level of the strategic problem solving post-pre test mean
scores. However during the learning activities the students posed the questions about their
confusing about the game tasks and strategic problem solving tasks. This problem was
fixed by the teacher’s facilitation through guidance and suggestions.

According to the strategic problem solving, Piagetian ideas are credited with
leading to the characterization of the child as a problem-solver, emphasizing learning as
active invention (Bruner. 1986). Piaget also assumes that there will be a certain inertia in
students that makes it likely that they will “continue in past patterns as long as possible”
(Doll. 1993: 83). Thus, the environmental (i.e., learning environment) conditions must be
such to invoke a “deeply felt” (Doll. 1993: 83) disequilibrium. As the context of running
science research project called Nano X Project Game through the game like science
learning environment, the technique and process of strategic problem solving was
integrated into the learning activities to develop students’ higher order thinking.

In conclusion, the strategic problem solving integrated in the epistemic plaform in
this research study shows positive effect on the students’ strategic problem solving ability
improvement. This in confirmed by the statistically significant difference at 0.05 level of the

strategic problem solving post-pre test mean scores.
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2.3 The Students’ Attitude towards Science

As indicated that the students’ attitude towards science have been improved and
confirmed by the statistically significant difference at 0.05 level of the attitude towards
science post-pre measure mean scores, the epistemic platform show some positive results
for application and uses of the computer game framework for other science learning to
enhance the attitude towards science. The attitude towards science improvement can be
discussed and explained as the followings.

With the authentic science learning experiences through the game like learning
environment of the epistemic platform, the students had chances to think, plan, play, learn, and
interact in the simulated world enhanced by the computer game. During performing the science
learning activities of the epistemic platform, the students run all activities by themselves in
groups. They had opportunities to do many things they had never done in previous science
courses. These were new situations for them; so they felt good in learming science. This is in
accordance with Siriporn Manopichatewattana’ s study (2004: Abstract) who claimed that
students were happy and enjoyed learning science through active learning activities.
Consequently, students had positive attitudes towards science subjects (Billings. 2001: online)

The science learning in authentic science learning experience through the
epistemic platform with a computer game shows positive effect that the epistemic platform
can help students to become active and eager to learn science because they feel that
science is not abstract and far from their real life. (Keating. 1997: 25; Cessna & Cessna.
2001; 28: citing. Epp. 1995). The epistemic platform of science learning with a computer
game is also considered as a kind of student centered. As the students had to learn and
work as a group to accomplish the game tasks, they constructed their own knowledge along
with attitude towards science. The result of the research study is similar to that of work by
Ebrahim, McCormick and Meade (2004: Online). In their study, Ebrahim compared the
effect of the student-centered approach to that of a traditional approach on the students’
attitudes on learning science. It was found that students who were taught by the student-
centered approach developed better positive attitude more through the traditional

approach.
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As summary, it is claimed that the epistemic platform for science learning with a
computer game can stimulate science learning in many facets, especially for improving
students’ science learning achievement, strategic problem solving in science learning, and
attitude towards science. As to examine the effect of the epistemic platform for science
learning with a computer game in learning fundamental nanoscience and nanotechnology
on the high school students, the results and findings have shown positive effects in term of
science learning achievement, higher ordered thinking, and attitude towards science for
science education in particular and for larger field of education in general. This can be
inferred that it is successful in studying and finding the novel model for science teaching

and learning with a computer game as a mediated learning tool.

3. Recommendations

The research study showed the successfulness of the epistemic platform for science
learning with a computer game in learning fundamental nanoscience and nanotechnology in
fostering and improving students’ science learning achievement, strategic problem solving
ability, and attitude towards science. As a result, the effective novel model for science learning
with a computer game has been developed. This framework can be used and adapted to other
science classes. The recommendations for the takeholders are provided and described

respectively.

3.1 Recommendations for Policy Maker

The results and findings from the research study revealed that most students had
enthusiastic in performing the science learning activities of the epistemic platform. In addition,
the teacher perspectives on the use of the epistemic platform also support the positive effect of
the effective novel model for science learning. As stated previously, the epistemic platform for
science learning with a computer game in learning fundamental nanoscience and
nanotechnology has significantly positive effects on student’ science learning achievement,
strategic problem solving ability, and attitude towards science, this could be taken into
consideration of the research and development of game as learning tools. The policy maker

could support by considering the research fund to develop innovation for education, science
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education in particular. In term of nanotechnology education at high school level, the developed
and simplified content of nanoscience and nanotechnology education can be critically

incorporated into existing science curriculum.

3.2 Recommendations for Applications

In using the curriculum unit of the epistemic platform for science learning with a
computer game in learning fundamental nanoscience and nanotechnology in high school
classroom, teachers’ preparedness is very vital. For interested teachers who want to use the
curriculum unit of epistemic platform, as a novel model for science learning different from the
traditional instruction, using the epistemic platform require a firm understandings and practicing
of the epistemic platform.  As thus, teachers have to understand their roles in learning
management, the curriculum unit's components and the structure of the learning activities such
as contents of fundamental nanopsciene and nanotechnology, the game computer Nano X
Project, the LPPL learning approach, the related learning materials, the complexity of the content
and the activities, etc. As a result, teachers need workshop and practicing to gain confidence
before using it.

During the learning activities of the epistemic platform, teachers have many roles to
play such as a role in gameplay to reflect and give feedback for students, or a role as a
facilitator in both on screen gameplay and off screen learning activities to help students learn
effectively. During the learning activities, teachers’ helps and guidance as scaffolding
technique need to be used properly. Teachers should not tell what it is but rather help and
guide by asking guiding questions.  When required, the key concepts explanation and
clarification by teacher might be needed in order to affirm students’ conceptual understandings
of fundamental nanosciece and nanotechnology. For helping students with teacher
explanation, teachers should explain with interactive questions to help them make understating
on one own. For learning activities duration, it should be flexible and adjustable dependent on
student learning ability and level. Also, teacher roles and actions should be various in order to
suit students need. For example, students with slow learning ability need more helps and

guidance than fast learning students.
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In conclusion, for using the curriculum unit effectively, teachers’ preparedness and
understandings are very important. As thus, teachers need to have workshop and practice for

gaining confidence so they can use it confidently.

3.3 Recommendations for Further Study

Successfully, the research results and findings show that the epistemic platform for
science learning with a computer game in learning fundamental nanoscience and
nanotechnology  have significantly positive impacts on the students’ science learning
achievement, strategic problem solving ability, and attitude towards science. In addition, it also
positively impact on the student's and teacher s opinion. However the curriculum unit still
needs to be developed in order to meet the user needs, namely students and teachers in any
other case. As a novel science learning model, there are still spaces for researchers to find out
more about the epistemic platform and the kind of game-like science learning environment.
Further studies should be the conducted in every perspective of the use and develop kinds of
game based science learning. Here are some of the research questions.

1. Is it possible to use the epistemic platform for science learning with computer in
learning other science or other subject areas?

2. Is there any gender difference in implementation of the curriculum unit of the
epistemic platform?

3. Does the epistemic platform have the impact on learning retention?

4. Is there difference between the epistemic platform and the traditional instruction?

5. Is it possible to use the framework of the epistemic platform to develop an
effective non computer based game for students?

6. Is there any student’s creativity affected by the epistemic platform?

As listed above, a kind of game based science learning need many research in this
respectively new field to find out the positive effects on education, science education in
particular. To develop innovation in science education, there are still more rooms for research to
be done to elevated the next level of creative science education.

As a result, these findings from the research study on the epistemic platform for

science learning with a computer game in learning fundamental nanoscience and
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nanotechnology have paid contribution to the research field of game based learning, in

science learning in particular. This can be used as a guide for any further research study.
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A List of the three experts checking the quality of research tools and evaluating the

curriculum unit materials

1. Dr. Sommai Papatitangkho as an expert in field of chemistry and nanotechnology

education
A Head of Department of Chemistry, Faculty of Science, Buriram Rajabhat University

A Certificated Trainer of the TTN project, the National Nanotechnology Center

(NANOTEC) NSTDA
2. Assist. Prof. Dr. Direk Theeraphuthon as an expert in education technology field
A researcher and lecturer at Faculty of Education, Naresuan University
3. Miss Chirapha Yodprachon as an expert in high school science and chemistry teaching

An experienced Science and Chemistry Teacher at Princess Chulabhorn's College

Phitsanulok

The participating teacher in the implementation study

Miss Phansiri Moonsri as the participating teacher

An experienced science and chemistry teacher in the Demonstration School of
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Question set for focus group discussion and individual interview
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The Science Learning Achievement Test of the Curriculum Unit

on Fundamental Nanoscience and Nanotechnology for High School Students

The test is mainly aimed to examine students’ conceptual understandings of
fundamental nanoscience and nanotechnology concepts covering fundamental concepts of
nanoscience, nanotechnology, introductory nanomaterial, and nanosafty, safety of
nanomaterial in particular. The test was set by following Bloom's Taxonomy of learning

domains (1956), using the first four orders of the cognitive domain:

1. Knowledge: Recall data or information,

2. Comprehension: Understand the meaning, translation, interpolation, and

interpretation of instructions and problems. State a problem in one's own words.

3. Application: Use a concept in a new situation or unprompted use of an
abstraction.Applies what was learned in the classroom into novel situations in the work
place.

4. Analysis: Separates material or concepts into component parts so that its

organizational structure may be understood. Distinguishes between facts and inferences.
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The Question Set Interview Form for Examining the Participating Teacher’s Opinion towards

the Curriculum Unit
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APPENDIX C

The Results of Research Tools’ Quality Checking



Table 16 The results of checking of the science leaming achievement test’s the item objective

congruence (I0C), item difficulty index (p) and item discrimination index (r)

222

Test I0C P r Select Test 10C P r Select
item item
1 1 060 024 A 21 1 046 027 \
2 1 060 045 22 067 022 020 N
3 1 055 025 23 1 025 0.05 N
4 1 037 027 24 1 055 0.59 N
5 067 053 041 25 1 052 0.57 N
6 1 068 034 26 1 045 0.26 N
7 1 043 023 st f og7 048 0.23 N
8 1 060 055 28 1 0.67 0.59 N
9 1 046 041 A+ 29 1 056 0.57 N
10 1 059 037 30 1 0.68 0.8 N
11 1 054 021 A+ 31 1 0.62  0.50 \
12 067 080 036 32 1 051  0.55 \
13 1 035 039 33 1 059 075 N
14 1 039 032 34 1 064 0.50 N
15 1 055 045 35 1 044 0.32 N
16 1 048 027 36 1 057 0.41 N
17 1 053 068 37 1 046 0.36 N
18 1 051 041 38 1 040 0.61 N
19 067 053 059 39 1 057 0.38 N
20 1 051 023 A+ 40 1 045 043 N

Reliability of the science learning achievement test is 0.76



Table 17 The results of checking of the strategic problem solving ability test’s the item objective

congruence (I0C), item difficulty index (p) and item discrimination index (r)

Test item I0C P r Select
1.1 1 043 027 N
1.2 1 0.60 0.45 N
1.3 0.67 046 0.25 N
1.4 1 037 027 N
2.1 0.67 063 0.41 N
2.2 1 068 0.34 N
2.3 0.67 043 0.23 N
2.4 1 0.60 0.55 N
3.1 1 046 0.41 N
3.2 1 059  0.37 \
3.3 0.67 054 021 N
3.4 0.67 080 0.36 N
4.1 1 035 0.39 N
4.2 1 039 0.32 N
43 0.67 055 0.45 A
4.4 1 048 0.27 N
5.1 1 053 0.68 N
5.2 1 051  0.41 N

53 0.67 043 059 N
5.4 1 068 043 N

Reliability of the strategic problem solving ability test is 0.60
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APPENDIX D

The Results of Conducting the Curriculum Unit of the Epistemic Platform
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1. The Results from the Curriculum Unit Evaluation by the experts

Table 18 The curriculum unit consistency evaluation

The considered items N=3 Interpretation
I0C| S.D.
1. The curriculum unit goals with the society need 1.00 0.00 consistent
2. The curriculum unit goals with the LPPL approach 1.00 0.00 consistent
3. The curriculum unit goals with learning outcomes 1.00 0.00 consistent
4. The curriculum unit goals with the contents 1.00 0.00 consistent
5. The curriculum unit goals with lesson plan 1.00 0.00 consistent
6. The curriculum unit goals with the assessment 1.00 0.00 consistent
7. The curriculum unit goals with the computer game 1.00 0.00 consistent
8. The contents with the learning activities 1.00 0.00 consistent
9. The curriculum unit with students’ pre knowledge 0.67 0.58 consistent




Table 19 The curriculum unit quality evaluation

The evaluated items N=3 Quality Level
Mean | S.D.

1 Over all of the Curriculum unit
1.1 The contents
1.1.1 The content correctness 4.00 0.00 High
1.1.2 Language suitability and clarity 3.67 0.58 High
1.1.3 Learning objective consistency 4.00 0.00 High
1.1.4 Suitability of contents in each unit 1.00 0.00 High
1.1.5 Suitability of content ordering 3.67 0.58 High
1.1.6 Suitability to learner 3.67 0.58 High
1.1.7 Content structure clarity and pre-new knowledge relation4.00 | 0.00 High
1. 2. The Learn to Play-Play to Learn Approach
1.2.1 Suitability to the contents and the computer game .00 0.00 High
1.2.2 Consistency with theoretical underpinnings .00 0.00 High
1.2.3 Suitability to Learner .00 0.00 High
1.2.4 Suitability to and consistency with learning objective  §#.00 0.00 High
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Table 19 (continued)

The evaluated items N=3 Quality Level
Mean | S.D.
1.3. Integration of Strategic problem solving technique
1.3.1 Suitability to contents and the learning approach 4.33 0.58 High
1.3.2 Supporting and developing student’s 3.67 0.58 High
problem solving and higher ordered thinking
1.4. Science Learning Activities and Related Teaching-
Learning Materials
1.4.1 Suitability and consistency among learning 4.00 0.00 High
activities and learning activity ordering
1.4.2 Suitability among Learning material and learner 4.00 0.00 High
1.4.3 Ease in use of learning material 3.67 0.58 High
1.4.4 Teacher use guide’s correctness 4.00 0.00 High
1.4.5 ease in use of teacher use guide 4.00 0.00 High
1.4.6 Lesson plan correctness and suitability 4.00 0.00 High
1.4.7 Learning activity duration 4.00 0.00 High
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Table 19 (continued)

The evaluated items N=3 Quality Level

Mean| S.D.

2 The Computer Game entitled” Nano X Project”

2.1 Game Interface Design

2.1.1 Suitability, ease in use, 1.00 0.00 High

2.1.2 Clarity and ease to read of 3.67 0.58 High

color and alphabet

2.1.3 Meaningfulness and content consistency .00 0.00 High

of static and motive graphics

2.1.4 Beauty of static and motive graphics #.00 0.00 High

2.2 Game Representation

2.2.1 Interesting content presentation .00 0.00 High
2.2.2 Flow and consistency of story driving .00 0.00 High
2.2.3 Learning motivation of representation 1.33 0.58 High
2.2.4 Interest 1.33 0.58 High

2.2.5 Guiding information provided .33 0.58 High




Table 19 (continued)

The evaluated items N=3 Quality Level
Mean | S.D.
2.3 Game Interactive Design
2.3.1 Ease in use and understandability 3.67 0.58 High
2.3.2 Suitability of interactivity 4.00 0.00 High
2.3.3 Consistency of the contents and interactivity 4.33 0.58 High
3. Science learning Assessment
3.1 Test item clarity 4.00 0.00 High
3.2 Suitability of amount of items 4.00 0.00 High
3.3 Coverage of practice and test 4.00 0.00 High
3.4 Consistency to the contents 4.00 0.00 High
3.5 Suitability to learner 4.00 0.00 High
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2. The Results from the First Trial Study

a. Results of Science Learning Achievement

Table 20 The results of science learning achievement from the first trial study

Students Pre Test Post Test Students Pre Test Post Test
1 8 26 6 11 19
2 7 23 7 6 17
3 6 20 8 8 28
4 8 21 9 10 20
5 11 18

Pre-test mean Score is 8.33.

Post-test mean score is 21.33.
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3. The Results from the Second Trial Study

3a. Results of Science Learning Achievement

Table 21 The results of science learning achievement from the second trial study

Students Pre Test Post Test Students Pre Test Post Test
1 11 23 18 11 19
2 12 25 19 6 17
3 8 il 20 8 24
4 8 19 21 10 20
5 10 17 22 14 29
6 5 16 23 b 20
7 9 23 24 10 21
8 14 34 25 12 26
9 11 30 26 9 23
10 " 19 27 6 20
11 6 18 28 5 18
12 7 20 29 9 23
13 9 20 30 12 26
14 12 23 31 11 26
15 13 24 32 8 20
16 11 22 33 14 32
17 9 20

Pre-test mean Score is 9.45.

Post-test mean score is 22.24.
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3b. Results of Strategic Problem Solving Ability

Table 22 The results of strategic problem solving ability from the second trial study

Students Pre Test Post Test Students Pre Test Post Test
1 4 13 18 7 14
2 3 14 19 5 12
3 3 12 20 9 12
4 2 12 21 5 9
5 5 10 22 6 10
6 6 17 23 3 12
7 4 14 24 5 16
8 3 13 25 6 13
9 7 16 26 4 14
10 4 13 27 6 12
11 5 17 28 7 14
12 6 18 29 4 15
13 3 16 30 5 14
14 4 14 31 8 12
15 6 k- 32 5 14
16 4 15 33 5 12
17 3 12

Pre-test mean Score is 4.91.

Post-test mean score is 13.42.



3c. Results of Attitude towards Science

Table 23 Students’ attitude towards science pre score from the second trial study

The evaluated items N=33 Interpretation Level
Mean | S.D.

1. Science is very interesting 3.00 1.24 medium
2. | prefer science learning 3.20 0.88 medium
3. Science learning various and interesting 3.063 | 1.01 medium
4. Students enjoy science learning activities Bgl2 1.09 high
5 Science learning have varieties of interesting activities 3.14 1.02 medium
6. Students have active participation in science learning 2.94 0.85 medium
7. Students prefer active inquiry process of science 3.14 0.74 medium
8. Science learning is very important to students in the today| 3.63 1.03 high
life and the future.
9. Authentic science learning experience in science 3.04 0.76 medium
interest students in science learning.
10 Students prefer developing their own science learning 3.47 0.96 medium
11. Science learning can help students solve daily life 3.22 0.74 medium
problems.
12. This Science learning help students develop 3.46 0.91 medium

learning abilities and thinking skills.
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Table 23 (continued)

The evaluated items

33

Interpretation Level

Mean | S.D.
13. Students prefer hands-on science learning activities 4.08 0.81 high
14. Students prefer scientific problem solving 3.71 1.41 high
15. Students will follow and study more about science 3.71 0.91 high
16. Science career is of students’ interest 3.47 1.09 medium

Mean of the attitude towards science pre-scores is 3.37.
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Table 24 Students’ attitude towards science post score from the second trial study

The evaluated items

33

Interpretation Level

Mean | S.D.
1. Science is very interesting 4.57 0.83 highest
2. | prefer science learning 4.23 0.65 high
3. Science learning various and interesting 4.04 0.85 high
4. Students enjoy science learning activities 4.30 0.74 high
5 Science learning have varieties of interesting activities 4.38 0.67 high
6. Students have active participation in science learning 4.04 0.80 high
7. Students prefer active inquiry process of science 4.38 0.67 high
8. Science learning is very important to students in the today| 4.40 0.80 high
life and the future.
9. Authentic science learning experience in science 3.94 0.89 high
interest students in science learning.
10 Students prefer developing their own science learning 4.38 0.64 high
11. Science learning can help students solve daily life 4.57 0.58 high
problems.
12. This Science learning help students develop 3.98 0.89 high
learning abilities and thinking skills.
13. Students prefer hands-on science learning activities 417 0.67 high
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Table 24 (continued)

The evaluated items N=33 Interpretation Level
Mean | S.D.
14. Students prefer scientific problem solving 4.34 0.79 high
15. Students will follow and study more about science 412 0.54 high
16. Science career is of students’ interest 3.98 1.00 high

Mean of the attitude towards science post-scores is 4.24.



3d. The Students’ Opinion towards the Curriculum Unit

Table 25 Students’ opinion towards the curriculum unit from the second trial study

The evaluated items N=33 Interpretation Level
Mean | S.D.

1. Nanoscience and Nanotechnology motivates studentin ~ |4.05 0.61 high
science learning.
2. The contents of nanoscience and nanotechnology is of 4.18 0.77 high
student’s interest.
3. The science learning activities are various and interesting. |4.26 0.60 high
4. The computer game Nano X Project is interesting and .42 0.61 high
help students learn science effectively.
5. The science learning activities are consistent to 4.13 0.67 high
the contents of nanoscience and nanotechnology.
6. Students have chances to learn science in various kinds §#.29 0.72 high
of learning materials.
7. Students have chances to develop their own learning and @.11 0.72 high
higher ordered thinking and problem solving abilities.
8. Students have authentic learning experience in science  #.39 0.72 high

learning.
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Table 25 (continued)

The evaluated items N=33 Interpretation Level
Mean | S.D.

9. Students have active participation in the epistemic 4.08 0.78 high
platform in this kind of learning.
10 Students can relate and apply acquired knowledge 412 0.94 high
to real life.
11. Learning activities and processes provide students with |4.00 0.81 high
inquiry skills and active learner roles.
12. This kind of science learning help students develop 3.92 0.78 high
strategic problem solving abilities.
13. The strategic problem solving activities in this kind 4.03 0.81 high
of science learning can be applied to and used in
students’ daily life.
14. Students have positive attitude towards the learning 4.08 0.64 high
15. Students will follow and study more about 3.92 0.91 high

nanoscience and nanotechnology

Mean of the opinion towards the curriculum unit score is 4.1
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4. The Results from the Implementation Study

4a Results of Science Learning Achievement Test

Table 26 The results of science learning achievement from the implementation study

Students Pre Test Post Test Students Pre Test Post Test
1 6 23 18 13 23
2 10 19 19 11 24
3 13 34 20 13 34
4 9 19 21 4 16
5 7 18 22 11 19
6 7 23 23 7 21
7 9 2% 24 y 17
8 S 18 25 8 19
9 3 16 26 13 28
10 5 19 27 5 17
11 10 20 28 7 18
12 7 18 29 11 24
13 14 19 30 13 26
14 12 21 31 12 19
15 8 21 32 6 17
16 9 18
17 7 17

Pre-test mean score is 8.815.

Post-test mean score is 21.00.
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4b Results of Strategic Problem Solving Ability

Table 27 The results of strategic problem solving ability from the implementation study

Students Pre Test Post Test Students Pre Test Post Test
1 3 13 18 3 9
2 6 11 19 5 9
3 4 13 20 4 12
4 3 12 21 4 8
5 7 14 22 5 9
6 4 12 23 3 10
7 3 11 24 7 13
8 7 10 25 4 12
9 3 15 26 9 15
10 4 13 27 5 16
11 3 12 28 5 12
12 6 12 29 4 14
13 4 14 30 7 12
14 7 11 31 4 11
15 4 16 32 3 14
16 5 12
17 7 10

Pre-test mean score is 4.812.

Post-test mean score is 12.09.



4c. Results of Attitude towards Science

Table 28 Students’ attitude towards science pre score from the implementation study

The evaluated items N=32 Interpretation Level
Mean | S.D.

1. Science is very interesting 3.02 0.55 medium
2. | prefer science learning 3.49 0.78 medium
3. Science learning various and interesting. 4.07 0.82 high
4. Students enjoy science learning activities 2.79 0.83 medium
5 Science learning have varieties of interesting activities 2.89 0.63 medium
6. Students have active participation in science learning 3.23 0.80 medium
7. Students prefer active inquiry process of science 3.21 0.73 medium
8. Science learning is very important to students in the today|3.77 0.82 medium
life and the future.
9. Authentic science learning experience in science 2.81 0.92 medium
interest students in science learning.
10 Students prefer developing their own science learning 3.02 0.77 medium
11. Science learning can help students solve daily life 3.98 0.86 medium
problems.
12. This Science learning help students develop 3.03 0.71 medium

learning abilities and thinking skills.
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Table 28 (continued)

The evaluated items N=33 Interpretation Level
Mean| S.D.
13. Students prefer hands-on science learning activities 3.31 0.96 medium
14. Students prefer scientific problem solving 3.07 0.79 medium
15. Students will follow and study more about science 3.24 0.93 medium
16. Science career is of students’ interest 2.81 .093 medium

Mean of the attitude towards science pre-scores is 3.23.



Table 29 Students’ attitude towards science post score from the implementation study

The evaluated items

33

Interpretation Level

Mean | S.D.
1. Science is very interesting 4.42 0.62 high
2. | prefer science learning 3.60 0.79 high
3. Science learning various and interesting. 4.07 0.88 high
4. Students enjoy science learning activities 4.30 0.69 high
5 Science learning have varieties of interesting activities 3.89 0.86 high
6. Students have active participation in science learning 4.58 0.72 high
7. Students prefer active inquiry process of science 3.86 0.92 high
8. Science learning is very important to students in the today| 3.88 0.70 high
life and the future.
9. Authentic science learning experience in science 4.32 0.96 high
interest students in science learning.
10 Students prefer developing their own science learning 3.98 0.88 high
11. Science learning can help students solve daily life 4.34 0.67 high
problems.
12. This Science learning help students develop 3.79 0.78 high
learning abilities and thinking skills.
13. Students prefer hands-on science learning activities 413 0.56 high
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Table 29 (continued)

The evaluated items N=33 Interpretation Level
Mean | S.D.
14. Students prefer scientific problem solving 4.01 0.78 high
15. Students will follow and study more about science 4.30 0.97 high
16. Science career is of students’ interest 3.76 0.98 high

Mean of the attitude towards science post-scores is 4.01.



4d. The Students’ Opinion towards the Curriculum Unit

Table 30 Students’ opinion towards the curriculum unit from the implementation study

The evaluated items N=33 Interpretation Level
Mean | S.D.

1. Nanoscience and Nanotechnology motivates studentin ~ [3.76 0.84 high
science learning.
2. The contents of nanoscience and nanotechnology is of 3.98 0.76 high
student’s interest.
3. The science learning activities are various and interesting. |4.34 0.92 high
4. The computer game Nano X Project is interesting and 4.45 0.76 high
help students learn science effectively.
5. The science learning activities are consistent to 3.79 0.84 high
the contents of nanoscience and nanotechnology.
6. Students have chances to learn science in various kinds ¢#.34 0.72 high
of learning materials.
7. Students have chances to develop their own learning and @.42 0.65 high
higher ordered thinking and problem solving abilities.
8. Students have authentic learning experience in science  #.23 0.86 high

learning.
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Table 30 (continued)

The evaluated items

32

Interpretation Level

Mean | S.D.
9. Students have active participation in the epistemic 4.05 0.95 high
platform in this kind of learning.
10 Students can relate and apply acquired knowledge 4.34 0.78 high
to real life.
11. Learning activities and processes provide students with |4.34 0.87 high
inquiry skills and active learner roles.
12. This kind of science learning help students develop 412 0.69 high
strategic problem solving abilities.
13. The strategic problem solving activities in this kind 4.08 0.71 high
of science learning can be applied to and used in
students’ daily life.
14. Students have positive attitude towards the learning 4.30 0.91 high
15. Students will follow and study more about 3.98 0.74 high

nanoscience and nanotechnology

Mean of the Opinion towards the Curriculum unit score is 4.168.
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