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Abstract
Skin cancer is increasing faster than any other form of cancer in the USA. There is a
general lack of knowledge regarding the consequences of over-exposure to UV
radiation. Thirty-percent of those living below latitude 37 degrees, will develop skin
cancer during their lives. Peer pressure to be tan causes increasing numbers of young
people to play solar roulette. This is just one of many topics that must be addressed in
science programs. To set the stage for understanding the significance of this problem,
the paper first discusses the current status of radiation education and nuclear energy
education in the USA as well as specific radiation misconceptions held by both students
and their teachers. The paper then describes; how cultural norms are increasing the risks,
the science behind skin cancer, unavoidable and avoidable risk factors, and the factors
that are increasing the incidence of skin cancer including the thinning of the ozone layer.
The paper then reviews the current educational materials being developed and used to
inform and influence our youth to the risks of sun exposure and the philosophy behind
many of these endeavors. The paper concludes that the future is bright, if educational
leaders recognize the opportunity to employ problem based learning experiences and
address the National Science Education Standards by utilizing critical thinking skill
development through such teaching approaches as the jurisprudential model and real
world experiences. Radiation education is presented as a topic rich with personal and
society issues and not just a scientific set of facts for our students to learn. The paper
concludes with a case of tanning as a context for learning and a backdrop for teaching
important educational concepts.

A vision of radiation education from tie American perspective

Current status of radiation education and unclear energy education in the USA
To create a more scientifically literate society, the National Science Education
Standards were developed and adopted in 1996 (NRC, 1996a). These standards not only
provided a description of what students should know about the major science fields,
including the concepts of radiation and nuclear energy, they also defined for the first
time the need for other components of science required of a scientific person, including
an understanding of: 1. Unifying concepts and processes, 2. Science as inquiry, 3. An
understanding of the history and nature of science, 4. Science and technology, and 5.
Science in personal and' social perspectives. In addition, these science education
components were further broken down into three age appropriate levels, thus creating
for the first time an image of what content is appropriate for different cognitive levels.
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Table One provides an overview of what science content, for the three broad areas of
science (physical science, life science, and earth and space science) should be taught.

Table
Grade Levels K-4

Properties of objects and
materials

Position and motion of
objects

Light, heat, electricity, and
magnetism

One: Physical Science Standards
Grade Levels 5 - 8

Properties and changes of
properties in matter

Motions and forces

Transfer of energy

Grade Level 9-12
Structure of atoms

Structure and properties of
matter

Chemical reactions

Motions and forces

Conservation of energy and
increase in disorder

Interactions of energy and
matter

Notice how concepts are revisited from the early grades through high school, with
greater specificity as the expectations of student's cognitive development increase. Thus
the national standards provide increased emphasis on abstract and conceptual
understandings as student's progress from kindergarten to grade 12.

While radiation and nuclear energy are not specifically mentioned in these broad
concept headings of Table One, certainly the bolded statements provide opportunities to
explore these topics. It is also important to note the lack of emphasis at the lower grade
levels. Radiation and Nuclear energy are very abstract concepts and should not be
taught at points in a child's development when such teachings could result in more
conceptual misunderstandings then accurate foundational development.

But the greatest contribution of the National Science Standards was not the defining of
the three traditional science content areas of life, physical, and earth and space science,
but the expansion of what the science content must include. These newly defined
content themes embrace five additional areas of emphasis: (1) Unifying concepts and
processes, (2) Science as inquiry, (3) An understanding of the history and nature of
science, (4) Science and technology, and (5) Science in personal and social perspectives.

It is these five content areas that give radiation and nuclear energy topics their greatest
opportunities for teaching. Tables Two through Four offer insights into how all eight
areas are to be addressed in science curriculum, as a student moves from early schooling
to high school graduation.
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Table Two: Grades K-4 Content Standards
Unifying Concepts
Systems, order &
organization

Evidence, models, &
explanation

Change, constancy, &
measurement

Evolution &
equilibrium

Form and function
Earth & Space
Science

Properties of earth
materials

Objects in the sky

Changes in earth and
sky

Science as Inquiry
Abilities necessary to
do scientific inquiry

Understandings about
scientific inquiry

Science &
Technology

Abilities of
technological design

Understandings about
science and technology

Abilities to distinguish
between natural objects
and objects made by
humans

Physical Science
Properties of objects &
materials

Position and motion of
objects

Light, heat, electricity,
& magnetism

Science in
Personal & Social
Perspectives
Personal health

Characteristics &
changes in populations

Types of resources

Changes in
environments

Science and technology
in local challenges

Life Science
Characteristics of
organisms

Life cycles of
organisms

Organisms &
environments

History & Nature
of Science

Science as a human
endeavor

Table Three: Grades 5
Unifying Concepts
Systems, order, &
organization

Evidence, models, &
explanation

Changes, constancy, &
measurement

Evolution &
equilibrium

Form and function

Earth & Space
Science

Structure of the earth
system

Earth's history

Science as Inquiry
Abilities necessary to
do scientific inquiry

Understandings about
scientific inquiry

Science &
Technology

Abilities to
technological design

Understandings about
science & technology

- 8 Content Standards
Physical Science
Properties and changes
of properties in matter

Motion and forces

Transfer of energy

Science in
Personal & Social
Perspectives
Personal health

Populations, resources,
& environments

Life Science
Structure and function
in living systems

Reproduction &
heredity

Regulation & behavior

Populations &
Ecosystems

Diversity and
adaptations of
organisms
History & Nature
of Science

Science as a human
endeavor

Nature of the science
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Earth in the solar
system

Natural hazards

Risks & benefits

Science & technology
in society

History of science

Table Four: Grades 9 -
Unifying Concepts
Systems, order, &
organization

Evidence, models, &
explanation

Changes, constancy, &
measurement

Evolution &
equilibrium

Form and function

Earth & Space
Science

Energy in the earth
system

Geochemical cycles

Origin & evolution of
the earth system

Origin & evolution of
the universe

Science as Inquiry
Abilities necessary to
do scientific inquiry

Understandings about
scientific inquiry

Science &
Technology

Abilities to
technological design

Understandings about
science & technology

12 Content Standards
Physical Science
Structure of atoms

Structure & properties
of matter

Chemical reactions

Motions & forces

Conservation of energy
& increase in disorder

Interactions of energy &
matter

Science in
Personal & Social
Perspectives
Personal & community
health

Populations growth

Natural resources

Environmental quality

Natural and human-
induced hazards

Science & technology
in local, national, &
global challenges

Life Science
The cell

Molecular basis of
heredity

Biological evolution

Interdependence of
organisms

Matter, energy, and
organization in living
systems

Behavior of organisms

History & Nature
of Science

Science as a human
endeavor

Nature of the science

Historical perspectives

Unifying Concepts and Processes
If any one of the eight content standards could be considered more important than the
others, I believe it would be unifying concepts and processes. There is an expectation
that this first standard be a part of every other component taught in a K-12 science
classroom. Therefore, it is important to understand this standard and it's implications.

The tables two through four provide an insight into the unifying concepts to be
addressed at various grade levels, but the processes of science are unfortunately
assumed. The following list of process skills is required to be present throughout the
student's science training and these skills are to be addressed at progressively higher
cognitive levels, as they moves through their schooling.
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Basic Science Process Skills: an overview
Observing - using the senses to gather information about an object or event. Example:
Describing the color of an apple.

Inferring - making an "educated guess" about an object or event based on previously
gathered data or information. Example: Saying that a person is having trouble writing a
paper because his waste paper basket is full of wadded up paper.

Measuring - using both standard and nonstandard measures or estimates to describe the
dimensions of an object or event. Example: Using a stop watch to measure how many
seconds it takes as object to fall two meters.

Communicating - using words or graphic symbols to describe an action, object or event.
Example: Describing the change in daily average temperature for your city during the
course of a year in writing or through a graph.

Classifying - grouping or ordering objects or events into categories based on properties
or criteria. Example: Placing all shoes having shoe-laces into one group.

Predicting - stating the outcome of a future event based on a pattern of evidence.
Example: Predicting how long in seconds it will take an object to fall three meters,
based on data from one and two meter readings.

Integrated Science Process Skills
Controlling variables - being able to identify variables that can affect an experimental
outcome, keeping most constant while manipulating only the independent variable.
Example: Shooting a water rocket with various amounts of water in a two-liter bottle
while maintaining the same angle of launch, the same launch pressure and by using the
same rocket as controls.

Defining operationally - stating how to measure a variable in an experiment. Example:
Stating that the water added to the rocket will be measured in milliliters.

Formulating hypotheses - stating the expected outcome of an experiment. Example:
Hypothesizing that the more water added to the rocket, the greater the launch height.

Interpreting data - organizing data and drawing conclusions from it. Example:
Recording data from the experiment on rocket height verse amount of water and
predicting an amount of water that would result in the highest launch height.

Experimenting - being able to conduct an experiment, including asking an appropriate
question, stating a hypothesis, identifying and controlling variables, operationally
defining those variables, designing a "fair" experiment, conducting the experiment, and
interpreting the results of the experiment. Example: The entire process of conducting
the water rocket experiment.
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Formulating models - creating a mental or physical model of a process or event.
Examples: The model of the amount of water verse air in a 2-liter water rocket and how
these changes affect launch height.

Both basic and integrated process skills are crucial to the understanding of science and
the rules that must be followed by scientists. These skills must be present as we develop
radiation education lessons, or as we address any other science concept.

Opportunities to employ problem based learning and critical thinking skill
development
As previously stated, the implementation of the national standards created a new
emphasis that went well beyond the traditional view of K-12 science education. The
new focus called for teachers to address, inquiry, science related issues, science as a
world-view, and to put science topics into an historical context.

It is these arenas that provide the greatest opportunities to expand our future generations
understanding of radiation education and nuclear energy. For without these tools, these
topics are just another body of knowledge to be memorized and regurgitated back on
some exam. But by using the five additional National Standards themes, these topics
can come alive with personal insights and life long connections.

As Robert Delisle, 1997, stated, "Education involves either problem solving or
preparation for problem solving... When teachers and schools skip the problem-
formulating stage handing facts and procedures to students without giving them a
chance to develop their own questions and investigate by themselves students may
memorize material but will not fully understand or be able to use it. Problem-based
learning (PBL) provides a structure for discovery that helps students internalize learning
and leads to greater comprehension."

Maybe the most exciting current development in science education is the renewed and
expanded focus on personalizing education. There are several pedagogical tools
described in the literature, but they all have the same basic central theme, "making
science relevant to each and every student". So please recognize the similarities when
confronted with such movements as: problem-based learning, project-based learning,
constructivist approaches, science-technology-society (STS), student-centered learning,
inquiry-based learning, process-based learning, critical thinking development, brain-
based learning, experiential education and so many others. Each of these educational
movements recognizes that learning requires that students make connections to their
lived lives. Not connections to YOUR life as the teacher, but to THEIR lives. It is this
challenge that teachers face each and every day. And it is this understanding that can
provide opportunities to teach all of science in a more exciting and relevant manner.

As this radiation education conference takes place, a draft possession statement by the
National Science Teachers Association (NSTA, 2004) reinforces these ideas.
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Regarding the use of scientific inquiry as a teaching approach, NSTA recommends
that science teachers
* Plan an inquiry-based science program for their students by developing both
short- and long-term goals that incorporate appropriate content knowledge.
* Implement approaches to teaching science that begin with explorations and use
those experiences to raise and answer questions about the natural world. The learning
cycle approach is one of many effective strategies for bringing explorations and
questioning into the classroom.
* Guide and facilitate learning using inquiry by selecting teaching strategies that
nurture and assess student's developing understandings and abilities.
* Design and manage learning environments that provide students with the time,
space, and resources needed for learning science through inquiry.
* Receive adequate administrative support for the pursuit of science as inquiry in
the classroom. Support can take the form of professional development on how to teach
scientific inquiry, content, and the nature of science; the allocation of time to do
scientific inquiry effectively; and the availability of necessary materials and equipment.
* Experience science as inquiry as a part of their teacher preparation program.
Preparation should include learning how to develop questioning strategies, writing
lesson plans that promote abilities and understanding of scientific inquiry, and analyzing
instructional materials to determine whether they promote scientific inquiry.

Regarding students' abilities to do scientific inquiry, NSTA recommends that
teachers help students
* Learn how to identify and ask appropriate questions that can be answered
through scientific investigations.
* Design and conduct investigations to collect the evidence needed to answer a
variety of questions.
* Become aware that there is no fixed method of approaching science inquiry, and
that students can be creative in designing and conducting investigations and in
analyzing data.
* Use appropriate equipment and tools to interpret and analyze data.
* Learn how to draw conclusions and think critically and logically to create
explanations based on their evidence.
* Communicate and defend their results to their peers and others.

Regarding students' understanding about scientific inquiry 9 NSTA recommends
that teachers help students understand
* That science involves asking questions about the world and then developing
scientific investigations to answer their questions.
* That there is no fixed sequence of steps that all scientific investigations follow.
Different kinds of questions suggest different kinds of scientific investigations.
* That scientific inquiry is central to the learning of science and reflects how
science is done.
* The importance of gathering empirical data using appropriate tools and
instruments.
* That the evidence they collect can change their perceptions about the world and
increase their scientific knowledge.
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* The importance of being skeptical when they assess their own work and the
work of others.
* That the scientific community, in the end, seeks explanations that are
empirically based and logically consistent.

Making the Transition
But how do teachers and their students move from the paradigm of
"teacher as teller" to "teacher as facilitator"? What does our classroom activities look
like when students become vested in their own learning?

Several years ago I posed this question to a group of teachers in Anchorage, Alaska.
After spending considerable time examining the literature, they developed the following
model for inquiry-based learning. They titled the model "an evolutionary process",
because they recognized that neither the teacher nor the students could move from the
traditional roles to student-centered learning, without an evolutionary progression over
time. I would like to share this evolving model in hopes that you might also help
teachers see the connections to their present practice and in doing so, establish personal
goals to move the teaching of science along what you will soon see as an inquiry
teaching continuum.

Table 5: Inquiry as an Evolutionary Process

Topic

Question

Materials
Procedures/
Design
Results/
Analysis
Conclusions

Traditional
Hands-on

Teacher

Teacher

Teacher

Teacher

Teacher

Teacher

Structured

Teacher

Teacher

Teacher

Teacher

Guided j

Teacher

Teacher

Student Directed

Teacher

Teacher/
Student

Student
Research
Teacher/
Student

Student

JToeher^J Student _J_ Student
Teacher/
Student

Teacher/ 1 «. , ,o, j * I StudentStudent [_

Student

Student

Student

Student

Student [_ Student | Student L Student

It is important to know where we have been before we can clearly see a path to the next
level of understanding. Therefore, let us examine a vision of each classroom teacher and
student roles as we attempt to move from a traditional teacher-centered classroom
toward a student directed environment.

Traditional Hands-on Science Experiences
We are all familiar with these "cookbook" experiences where the teacher directs the
decision-making from topic to conclusion. In other words, when an activity or
laboratory is included in the curriculum, the teacher decides the topic, the questions to
be addressed, the materials that can be used, as well as the experiment's design,
expected results, and the correct conclusion. We also know that for some teachers this
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step would be a major improvement over their 45-minute daily lecture, where students
are not only not physically engaged, but probably not mentally attentive either. So
traditional hands-on science is not bad science, it simply is not inquiry science.

Structured Science Experiences
During a structured laboratory experience, students are required to reach their own
conclusions based on supportive evidence. On the inquiry continuum providing a
structured experience is a major step for both the teacher and their students. I mention
students, because we must not forget that our students must go through the same basic
developmental process as teachers. The number one failure of educational reform has
been the expectation that teachers and students will move from some present practice to
some ideal, without moving slowly through several intermediate steps or phases. For
many teachers and students, moving to a structured science experience will take
considerable time and effort.

Guided Inquiry
Guided inquiry still has the teacher selecting the topic, the question, and providing the
material, but students are required to design the investigation, analyze the results, and
reach supportable conclusions. A recent teacher workshop suggested that both the
teacher and the student be listed under the procedures and design section. They pointed
out that many times we must fluctuate between teacher and student directed at these
interface components. It is this level of involvement that is being suggested by the
National Science standards. This does not suggest that every science experience must be
at the guided level, but that each student must at some point have the opportunity to
experience science as a process and not a set of facts.

Student Directed Inquiry
At this point the student is responsible for everything beyond the general topic and
guidance with question development. The National Standards, which came out in 1996,
do not specifically specify the level of inquiry requested or the roles of students or
teachers. Personal experience with the Standard since 1996 has demonstrated just how
difficult this evolutionary process is and how difficult it is to move students to self-
directed learning. With the present climate in USA education, I believe that at most,
25% of our students should or could meet this level of inquiry.

Student Research
This is the inquiry ultimate goal. At this point the student simply needs support and
guidance from the teacher. I do not believe that this is a goal to be met by all or even
most of our students, but our teachers must understand how to help students who have
both the interest, drive and ability to pursue true research. I must add that unless we
alter our teacher preparation programs to include these kinds of experiences, we can
never expect our future teachers to have the necessary skills to direct their students to
become engaged in research.

Table 6 provides a model of what changes take place as well as move from one end of
the educational spectrum to the other. Each of the changes stated represent huge
paradigm shifts for the USA educational system.
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Table 6: Inquiry Evolution: a Means to an End

Traditional Hands-on Structured Guided Student Directed
Student

Research

Teacher Controlled > Student
Controlled

Exogenous > > Cognitive Development > > Endogenous
Focus on Teaching > > Focus on Learning

This process of moving from traditional to at least guided inquiry creates several very
exciting end results. It alters the role of the teacher, the intellectual development of the
students and even the classroom-learning climate. The graph above shows how we can
use inquiry to move toward more student centered classrooms and create a classroom
where the focus is clearly on learning and not on the teacher teaching.

The cognitive growth may need a brief clarification. An exogenous cognitive change is
externally driven, in this case by the teacher, and is measured by how well a student can
reproduce what they have been told. An endogenous change, on the other hand, results
in the internal reconstruction of new information and is measured by creativity and ones
problem solving ability in new situations. All of these changes clearly align with many
other aspects of our current educational reform efforts.

In many ways the last continuum shift may be the hardest of all. As educators we have
spent a life time thinking about "what to teach" and "how to teach". We simply
assumed that the outcome would be student learning. But how would we function as
teachers if every pedagogical decision we made was dominated by a focus on student
learning? Putting the student first is so alien to most teachers, that this shift alone may
be the biggest stumbling block to educational reform.

One example of how these current educational understandings are being employed can
be seen in the Uranium and Radiation Education Outreach project that uses the
following format for PBL curriculum development.

Problem-Based Learning Structure
This PBL format, described below, models the desired structure for addressing science
related issues in the educators' classrooms.

1. Connection: The teacher, or a guest speaker, will present an introduction to the
issues, to provide a personal connection to establish the importance of the problem(s) in
the students' daily lives.
2. Ideas: By asking a series of questions, the teacher will lead discussion during
which questions for investigation are formulated and plans of action are suggested.
3. Facts: Working as a group, students then supply all the facts that they know
about the issues. The teacher will be careful to distinguish between facts and opinions.
4. Learning Issues: The group establishes questions that need additional research,
elaboration, or definition. Some of this research may take the format of learning or lab
activities, in addition to more traditional research techniques.
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5. Action Plan: The group then makes plans for how it will find the information
needed. Included in this plan is a list of resources that may assist in the investigations.
6. Revisiting the Problem: Once the independent work is completed, participants
reassemble to report on their work.
7. Product or Performance: Each problem concludes with a product or performance
by the group, or by subsets of the group. These may include plans for further action.
8. Evaluation: The participants evaluate their own performance, their group's
performance, and the quality of the problem itself.

model and real world experiences
When confronted with a science concept that has built-in opposing view-points,

such as the development and use of nuclear energy, the Jurisprudential Inquiry Model
(JIM) is perfect for the task (Bonnstetter & Pederson 1994). The JIM is designed to
help students think systematically about a contemporary issue, to create an atmosphere
of personal involvement and to allow different learning styles to emerge through role-
playing. The only caution is to remember that JIM is only a tool, a means to an end,
not the primary focus or purpose of the lesson. Many times students, teachers and
parents need to be reminded what the goal of the lesson is. In the case of nuclear
education, the lesson focus might be pros and cons of nuclear reactors for generating
electricity. The process used to engage students could be JIM.

The jurisprudential Inquiry model suggested here has six phases*
Phase I: Orientation to the Issue
Phase II: Identifying and Defining the Issue
Phase III: Synthesizing the Research Information into Arguments
Phase IV: The Public Meeting
Phase V: Clarification and Consensus
Phase VI: Application
Each of these phases is described in detail by downloading the pdf article found at:
http://nerds.unl.edu/pjyjgs/preser/sec/articles/iuris.pdf

Radiation misconceptions held by both students and their teachers
It is a common misconception that exposure to radiation of any kind is a possible cause
of cancer. The resulting fear factor that comes from this belief is in itself the major
misconception concern. What is needed is greater understanding of both radiation and
related risks.

While it is true in cases of populations exposed to high levels of ionizing radiation, such
as the Japanese atomic bomb survivors; it actually depends on the amount of radiation
exposure. A search of the literature yields numerous examples of opposing views and
contradictions concerning exposure to radiation. In other words, education is the
missing link to many of the issues central to radiation. Let us examine one topic that
could be used in an educational setting to help students both better understand radiation
and a related personal issue. By applying the Jurisprudential Model, one can see how
students could find information on both sides of several related issues, including the use
of sun tanning booths, the cultural norms associating a tanned body and health, the
reduction of the earth's ozone layer, and cancer increases.
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Case Study: Effects of UV Radiation on YOH
UV radiation was chosen as a teachable example for a number of reasons. First of all,
the risks from UV can be greatly reduced by education and personal action. Secondly,
80% of damaging sun exposure occurs during the first 18 years of a young persons life
Ahearn, M. (2002). Therefore, it is crucial that our youth understand both the science
and the personal risks associated with UV radiation.

Skin cancer is the most common form of cancer in the United States. In addition, it is
increasing faster than any other form of cancer. One in five Americans will develop skin
cancer during their lifetime (Rigel, 2004). This number is even higher in the "Sunbelt".
The USA Sunbelt includes 15 States and is defined as those areas below 37% Latitude.
(See Table 7.) According to International Cancer News (1988), thirty percent of those
presently living in the sunbelt will develop skin cancer during their lives.

Table 7
Below the dark line under the word "States" represents 37 degrees North Latitude.

Although data for Japan has not been found, one can assume from Table 8 that a similar
risk is faced by a large portion of the Japanese population.

A teachable moment
Educators should recognize the potential this topic represents. It represents an important
science concept and it has personal interest appeal for students.

Applying the Jurisprudential model, students might first identify both positive and
negative aspects of the issue.

Positive Effects
Ultraviolet rays have their place in our ecosystem, (and it isn't merely to provide
manufacturers an opportunity to sell their sunscreens). UV rays5 for example, are
necessary for our body to produce vitamin D, a substance that helps strengthen bones
and safeguards against diseases such as Rickets. Some scientists have shown that
Vitamin D lowers the risk of getting some kinds of internal cancer, like colon cancer.
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Table 8
Below the dark 37 degrees North line represents Japan's "sunbelt".

UV light is also used as a therapy for psoriasis, a condition in which the skin sheds its
cells too quickly, resulting in itchy, scaly patches on various parts of the body. When
exposed to ultraviolet rays, the growth of the skin cells is slowed, relieving the
symptoms.

UV rays are also used in various commercial functions, such as disinfecting fish tanks
and sterilizing medical equipment. Animal life makes their own use of these
wavelengths too—certain animals can actually see ultraviolet light, and use it to their
advantage. Bees use the reflection of UV off of flower petals to guide their pollen
collecting.

Negative Effects
Though ultraviolet rays do have a purpose, one must not use this information as a
validation for sunbathing habits. The dangers of UV exposure are real5 and public
ignorance concerning these matters could lead to increased health problems in the future.

The intended end result of such an activity would be to have students: understand the
science behind skin cancer, define the unavoidable and avoidable UV risks, and
ultimately, make life decisions that align with this new found knowledge.

Conclusion
My greatest fear is that we are preparing our students for a present that no longer exist
and future that is unknown. The only solution is to prepare our students with the ability
to be life long learners. Our educational goals must move beyond current
understandings and prepare our students to learn each and every day of their life. We
should admit that what we offer is a path to a learners permit, not a diploma. We must
provide them with the tools to continue learning and questioning.
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Therefore, students not only need current information related to these topics, but they
need opportunities to debate and confront the issues surrounding radiation and nuclear
energy. Only then will they understand the science behind these issues and learn the
process of data gathering and analysis for crucial life long learning. There are hundreds
of present and future scientific and technological decisions facing humanity. Armed
with present knowledge and the tools to develop future understandings, I am confident
that our future will be bright and healthy.
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