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The role of education all over the world is becoming more and more significant and
requires an in depth study since the life of the people is advanced, expanded and complicated.
Educators are once again asked to address problems which have arisen within their own society.
Thus, the search for ways to improve quality of education is global especially in line with nuclear
science and technology. One area of focus is that managing and promoting learning inside the
classroom, how teachers' utilized instructional materials were such an issue. Indeed, qualifications
and resources are not the only factors that influence teachers' effectiveness, equally important are
teachers' motivation, commitment, resourcefulness, innovativeness and creativeness in dealing with
instructional materials. Lack of these things will produce poor attendance and unprofessional
attitudes towards students. This paper aims to present a proposal on the use of innovative teaching
device from the sample photographs as a result of the experiment taken at Kyoto University
Research Reactor Institute (KURRI) where samples were treated with gamma rays from a
radioactive source 60Co and lately exposed to photographic films giving rise to understanding of
photons emitted by radioactive material in a form of electromagnetic waves and later converted into
visible light in a more authentic and simplified manners. As a consequent, this proposal was made to
enhance teaching and encourage science teachers to exert great effort to develop instructional
materials specifically in this area that requires the concretization of concepts which could not be
detected by human senses.

1. INTRODUCTION

Teachers are considered as researchers and scholars of their own classrooms. Classroom life if full of
habits and routines that often passed unnoticed. They often remain invisible until they are viewed from
different angles or landscapes. Most children come to school ready and willing to learn. How can schools
foster and strengthen this predisposition and ensure that they leave the school with the capacity to continue
learning through life? How well do school systems perform in providing young people with a solid foundation
of knowledge and skills about nuclear topics and in preparing them for life and learning beyond school [1]?
These are some of the questions in which young people who run the education system needs to know. Many
education systems monitor students learning in order to provide some answers to these questions. Science
teachers are faced with enormous challenge. A large range of students' backgrounds and abilities exists in
science classrooms. Many students are reading far below grade level. Often a significant percentage of students
with poor speaking, writing and understanding skills are present. Some students may have weak science
backgrounds especially in line with nuclear science. With many of these students, in order to make a point to
demonstrate an idea related to science process or nature of science, examples that relate to the environment
must be used (e.g., desktops, rulers, cars and candies) as a context for explaining science process. This
everyday context of concrete objects maybe necessary when introducing a scientific skill or process before
using it to learn science course subject matter [2].

However, learning nuclear concepts in school is quiet difficult to understand. One method of teaching is
trying to have the students learned by experiments. Most schools cannot afford a laboratory for a fundamental
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experiment on nature of radiation. Lacking knowledge for handling of radioactive materials and cost of nuclear
instruments made impossible in implementing such laboratory in ordinary schools [3]. Students need effective
approaches to learning both to succeed to school and to meet their learning needs later in life. In particular,
they need to regulate the learning process, taking responsibility for reaching particular goals. These types of
outcomes are not pursued as a specific part of the curriculum, yet they can be strongly influenced by students'
experiences at school and play a crucial part in their future [1].

LI Background of the Study

With the advancement of science and technology, physics plays a significant role in life and progress of
mankind. Certain developments within the field of nuclear science have encouraged man to think, work and
live differently from the past. For through the application of laws and principles of physics, man is thereby
enabled to produce and enjoy modern convenience and comforts. It is quiet evident that physics have
contributed increasingly to the progress of mankind and thus, offers greater opportunities for a life of
prosperity and fulfillment.

In the field of education, among the different subject areas offered in science has taken the lead in the
development of various curricula perhaps in many other countries, Chemistry and Physics have been given
emphasis to provide students with basic knowledge of scientific concepts and principles so as to become
scientifically literate and more effective citizens. Since Physics dominates the science curriculum, it becomes
necessary for teachers teaching nuclear science and technology to provide the students with the necessary skills,
knowledge and abilities as well as their interest in this field [6].

How to impart nuclear concepts effectively and efficiently is important to study because this will play a
vital role in providing students who will be science conscious which will provide avenues for a life- career or
profession. One can be an engineer, an architect, a mechanic, a doctor, a teacher or a scientist if he studies
nuclear science well. It is therefore, necessary to focus instructions towards awakening the students' awareness
and interest in nuclear science and to foster his appreciation on the importance of the subject. Hence, it is
imperative that teachers should look into effective means of imparting nuclear knowledge to students and this
will largely depend on the initiative of the teacher to make appropriate instructional materials that will serve as
a key components influencing and enhancing creative teaching and learning abstract concepts [4]. Ultimately,
it will be a starting point in opening the doorway to nuclear science.

1.2 Rationale of the Study

For much of the last century, the content of school science curricula has been dominated by the need to
provide the foundation for the professional training of small number of scientists, mathematicians and
engineers. Today, however, literacy in science is important for all to understand medical, economic,
environmental and other issues that shape modern societies, which rely heavily on technological and scientific
advances [1].

Science teachers emphasize that the teaching in science to be effective, must deal more with students'
activities in the classroom. Teaching strategies are becoming increasingly oriented toward students' cognitive
development [5]. The use of instructional materials in the classroom like poster becomes imperative. Many
researchers or even educators have exerted effort in developing instructional materials for several reasons to
wit;

Bacay 1984 believed that the instructional materials prepared by the teacher are much better than
those found in the textbooks since they are prepared and written for specific groups of students. Furthermore,
she stressed that the choice of structure, pattern, practical applications and skills development exercises are
definitely adapted to the needs and abilities of a particular group of students [6].

Alturas 1978 recommended that the teachers and instructors should be encouraged to develop
instructional materials specifically focusing on topics which are somewhat abstract that contain practical
application of concepts and principles [7].
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Peterson 2003 suggested that getting students to relate to scientific concepts is often difficult. Good
models, especially those used to describe processes on the atomic or astronomical levels not tangible to
students are essential. The simple and authentic the instructional materials, coupled with its everyday
occurrences in the lives of the students, make them a perfect candidate to help explain the relative sense of the
topics in various disciplines from ecosystems and species niches to gravity and motion [8].

A good theme to follow in the effort to meet needs of diverse learners in science education is
"Teaching with purpose," which was crafted by National Science Teachers Association (NSTA) President
John Penick. According to him, "Teaching with purpose means having a personal guiding framework for our
teaching practices - a framework based on what research says works best in teaching and learning science [9]."

This proposal, therefore, can be used to examine the goals of nuclear science teaching and learning with
care to identify optimal activities and experiences from all modes of instruction that will best facilitate these
goals. While relevant variables are interrelated and complex, there is a real need to pursue rigorous research on
learning through instructional materials to capitalize on the uniqueness of this mode of instruction for certain
learning outcomes. With more precise information on these deficiencies, more comprehensive teaching
materials can be designed to incorporate information about goals and the nature of nuclear topics; teachers
became more effective in facilitating student learning and development. Furthermore, this study will serve as
another attempt to develop teaching materials that will assist reduces students' deficiencies in Physics,
specifically giving stress on nuclear topics [4]. It is then towards these perspectives that this proposal was
made.

1.3 Objectives of the Study

Based from the aforementioned realities, the following objectives are then formulated;

a. Enhance creative teaching and learning nuclear topics inside the classroom giving rise to students'
cognitive development.

b. Help captive students' interest and appreciation to natural and nuclear phenomena through
understanding the fundamental facts, concepts, principles, laws and theories.

c. Provide useful experiences in sharpening students' abilities to observe, infer, design experiments,
conduct investigations and organize data.

d. Facilitate teaching abstract nuclear topics specifically the emission of visible light from a material
exposed to or irradiated by gamma ray in an authentic manner.

e. Measure student capacity to use scientific knowledge, recognize scientific questions, and identify
what is involved in the scientific investigations and to relate scientific data to arrive at certain
conclusion.

f. Stimulate the interest of science teachers to conduct and design scientific investigations and
communicating scientific procedures and explanations in written and oral form.

1.4 Significance of the Study

To teach effectively, science teachers need to be competent in selecting and preparing the instructional
materials and strategies in teaching, as well as motivating the interest of the students in the subject matter.

This proposal can give ideas to physics teachers on how to remedy their difficulties encountered in
teaching nuclear topics and stimulate their interests to develop more instructional materials and other necessary
measures for the improvement of science instruction.

This study can also help solve the problems confronting most public schools teachers in the different
parts of the country today, such as lack of science textbooks and other reference materials to locate nuclear
topics, insufficient teaching device to teach these concepts which could not be seen and recognized by human
senses and though equipped with gamma ray facility where irradiation of sample materials can be done and a
dark room where experiment on natural emission of light from a radioactive samples be performed but
knowledge is not sufficient enough to perform the tasks, this study can suffice the purpose.
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It can as well enhance the teaching-learning situation since the students will be exposed to this kind of
teaching device for them to learn at their own pace [4]. Moreover, it can help them acquire more science skills,
processes, knowledge and abilities in understanding nuclear topics and phenomena particularly giving rise to
radiation, excited photon, gamma ray, thermoluminescence, electromagnetic spectrum and the like with less
effort on the part of the teacher [10].

This proposal can specifically help elevate the present status of radiation or nuclear science education in
all countries in the annual evaluation of teacher and student performance and increase the rank into a
satisfactory level as has been doing by the Program for International Student Assessment (PISA) where the
objectives are to measure the three forms of literacy; reading, mathematical and scientific and focus on how
well the students apply knowledge and skills to tasks that are relevant to their future life, rather than on the
memorization of subject matter knowledge [1].

2. METHODOLOGY

2.1 Materials

The materials utilized in the conduct of the experiment were depicted in Figs. 1 to 9, except for ASA
films (400) which were not included in the line up but can be seen in Figs.lOand 12under Experimental Set Up
(2.3).

Gamma Room and Dark Room Experiments
(Artificial Source)

-i^*^* f^Srf •-*.'*•

Fig.l: Sample materials used in the study (from
top left- Sodium Chloride Crystal, middle-

Potassium Bromide and right below-
Potassium Chloride).

Figo2: Sample material (Calcite).

FIg.3s Sample rock material (rock no. 2- second
from left bottom- Two mica-granite).

4 Sample rock material from Kochi
(Sandstone).
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Fig.5: Sample rock material from Russia
(Chert).
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Fig.7: Sample rectangular black box whose dimension
is shown. Big arrow is pointing to the hole for

the film to pass through..

Fig. 6: Sample rock material from Japan
(Red granite).

Fig. 8: Three rectangular boxes combined. Holes
be made in both sides of the box to

obtain two rows of samples.

Fig.9: Kyoto University Research Reactor Institute (KURRI) Gamma Radiation Room where sample
60Materials were directly exposed to Co before photographic film exposure.
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2.2 Experimental Procedures

This part of the study consisted of two phases; experiment conducted in Gamma Room where steps
considered were indicated below (1-6) whereas, (7-16) determine the steps taken inside the Dark Room and
from (17-20) the extension as to the result of the experiment.

A- Gamma Room Experiment

1. Gather and prepare all the materials required in the experiment.
2. Check the Gamma Room facility to ensure safety.
3. Set up the area in which the samples will be irradiated (Fig.9).
4. Decide for irradiation time considering the nature of materials to be irradiated.
5. Once the time is decided, arrange and expose the samples directly and manipulate the facility as

safety as possible all throughout the experiment as shown in (Fig. 10).
6. Decide for photographic exposure time of the samples and take into consideration the irradiation

time.

B- Dark Room Experiment

7. Prepare the black rectangular box as shown in the given set up (Figs. 11 and 12) and some other
materials needed right after samples have been exposed to radiation

8. Darken the room, bring the irradiated materials inside, set the film in two rows as in Fig. 10 as no
stream of light can be accommodated, place the samples one at a time on the film as carefully as
possible and cover each sample with a small piece of black cloth.

9. Once finished, carefully cover the box and ultimately with wide black cloth on top.
10. Set the timer to a decided time of exposure.
11. Wait until such time samples will be ready for removal from the film.
12. Remove the black cloth including the cover of box, remove the samples, re - rolled the films and

place them in canisters that are properly labeled as to the position of the samples in the box for
clarity of sample identification.

] 3. Switch on the light and be ready for another set of experiment by following the same procedure but
take into account the irradiation and exposure time as variations can be made.

14. Develop the films and make the necessary action as to the results of the photographs.
15. The irradiated samples that have been decided to include as components in the teaching material

will then be subjected to analysis using the Gamma Ray Digital Spectrum Analyzer System Model
DSA-1000 for measuring the peak area spectrum which entails possible spectroscopic
interpretation measurement in terms of energy and intensity of the incident radiation.

16. For effective manipulation of the system, follow the procedures as indicated in the Operations
Manual especially for beginners.

17. Collect the selected photographs make a tentative design and layout of an Explanatory Panel as a
teaching material which will serve the purpose of instruction.

18. Study the Sequential Model as shown by Figs. 18 and 19 to arrive at the determination of the
teaching and concept models.

19. Lesson can be changed, reinforced and enriched based from the applicability of the teaching
material and nature of learners.

20. Planning for the next lesson can be done in sequential manner without going beyond the limitation
of the teaching device.
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2.3 Experimental Set Ups

Figs. 10 and 12 show the Experimental Set Ups in Gamma and Dark Rooms respectively.

A- Gamma Room Experimental Set Up

Fig.10: Sample insulated objects were arranged and directly exposed to radiation source.

B- Dark Room Experimental Set Up

Fig.ll: Sample materials required in the
Dark room experiment

Fig. 12: The samples on the photographic
films in two rows inside the

rectangular black box.
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2.4 Experimental Photographs

Figures 13-19 were the photographs of samples developed and chosen based from the results of the
experiment.

Fig. 13: Rock from Russia [Chert]. Fig. 14: Rock from Japan [Red Granite].

Fig. 15: Rock from Kochi, Japan [Sandstone]. Fig. 16°. Rock [Two Mica Granite].

Fig. 17: Sodium Chloride Crystal [NaCl]. Fig. 18: Potassium Chloride [KC1].



Fig. 19: Potassium Bromide [KBr].

2,5 Sequential Models of t ie Stu . •
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A- Construction of the Explanatory Panel (fixed or movable).
B- Design and layout the experimental photographs in the

constructed panel.
Preparation of the "Day's SMART (Specific, Measurable.
Attainable, Reliable and Time Bounded) lesson pfan" based
from one of the component areas of the applicability of the
teaching material as indicated in Fig. 19 below.
Execution of the day's lesson using the concept model and
teaching device (Explanatory Panel).
Evaluation of the day's lesson as to the congruency ol
objectives, test questions, teaching strategy giving rise on
the effectiveness of the teaching material.
Courses of action can be made as to the results of the
assessment conducted.

C-

D-

E-

F-

Fig.20: Teaching Device Model Determination.

The Sequential Models as shown by Figs. 20 and 21 simply present the flow of activities on how the
experimental photographs will be used as an aid (Explanatory Panel) and a sample illustration of the concepts
to be used in teaching which are presented in general form where sub tasking analysis is applied.

Fig.21: Concept Model of the Experiment

An in depth study of Fig.20 should also be given importance since how effective the teaching material is,
but the lesson was not properly planned and executed, then, the purpose will always be defeated. Time wise,
resources wise and energy wise will be meaningless and unworthy.

Figure 21 depicts the model of the basic concepts that can be taught to students during the day's lesson
as one area of the teaching material's applicability. The first diagram shows the crystalline solid with no
defects consisting of three dimensional arrays of unit cells, each containing the identical arrangement of atoms.
When this material is subjected to radiation source (60Cobalt) emitting gamma rays, some will be reflected and
some will be absorbed in crystal thereby storing radiation. The absorbed high energy photons will undergo
three dominant interaction processes, each of which produces energetic electrons; the photoelectric effect (PE),
Compton Effect (CE) and pair production (PP). An atom of the crystal that receives sufficient energy, typically
a few tens of electron volts, will permanently displaced from its lattice site. If the displaced atom (a "primary
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knock-on") has sufficient energy, it can, in turn displace other atoms ("secondary"), and so on, creating a
cascade of displaced atoms (lattice defects). Thus, there exists the presence of vacancies and interstitial atoms
in a crystal by creation of color centers. In essence, these defects are created during the recombination of
electrons as shown by the second diagram. Lastly, photo emission will follow and later converted into visible
light as shown by the third diagram.

3. SUMMARY

It has been clear and possible that problems met in teaching nuclear topics can be remedied with much care
and attention to the application of the experimental photographs converted into a classroom science teaching
device; a proposal which was conducted at Kyoto University Research Reactor Institute. Under Methodology,
materials that comprised the experimentation process were provided with simplicity and clarity. Instructions on
how to carry out the experiments were logically arranged so as to ensure systematic execution and organization
of experimental processes. The inclusion of the experimental set ups were also manifested and of the
experimental results (developed photos) presented in a manner suitably good for learners. Determination of the
sequential models of the study was reflected, highlighted and specifically simplified as appropriate as possible.
Further results and discussions were not shown but can be proposed and suggested that as to further
application of the device, peak area spectral measurement and nuclide identification of irradiated samples can
be made possible using DSA-1000 Digital Spectrum Analyzer System for countries equipped with "high
touch" apparatus and facility as spiral basis for concept development. Production and dissemination of
photographs can be realized for schools far beyond to cope and afford to buy these expensive laboratory and
experimental facility to perform the same task.
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