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Preface

Much of the foundation for curriculum renewal in Saskatchewan schools is based on Directions (1984). The
excitement surrounding the recommendations for Core Curriculum developments will continue to build as
curricula are designed and implemented to prepare students for the 21st century.

Science, as one of the Required Areas of Study, incorporates the Common Essential Learnings, the
Adaptive Dimension, and other initiatives related to Core Curriculum. As we strive to achieve the goal of
scientific literacy in Saskatchewan schools, much collaboration and cooperation among individuals and
groups will be required. Science teachers are a key part of the process.
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Introduction

Science Program Philosophy,
Aim, and Goals

The philosophy and spirit of science education
renewal in Saskatchewan is reflected not only in
the program aim and goals, but in the documents
developed to support the new curricula, and in the
inservice packages designed and utilized for
implementation. In addition, the philosophy for
science education is closely related to the concept of
Core Curriculum based on the Directions
philosophy for Saskatchewan.

Science is both a body of knowledge and a process
of inquiry. Furthermore, science extends beyond
understanding of abstract laws and principles of
nature into the realm of technology and applied
sciences. Many important technological
developments can be appreciated through a solid
foundation in science. Applications in agriculture,
engineering, medicine, and many other fields can
be comprehended by someone who has a good basic
understanding of science.

In an information-based society, with widespread
public concerns relating to issues as complex as the
protection of the environment, manipulation of
genetic material, the proliferation of
technologically advanced weapons systems, and
various other serious and often controversial
issues, a scientifically literate society is needed
more urgently than ever before. While solutions to
these kinds of issues are indeed difficult to find,
science provides a way in which these types of
problems can be understood and approached. It
offers one world view which, when taken in
conjunction with other world views, empowers
society to make informed, rational decisions based
on diverse ways of thinking about problems.

Through the exemplary leadership of a few
dedicated scientists, issues of grave concern to
society have been brought to the forefront of public
attention. Internalized, clearly defined values need
to form the foundation for decisions relating to
science. Fundamental moral principles, such as
respect for the dignity of all persons, respect for the
value of all forms of life, the protection of the
environment, the need to promote peace and
understanding among all people throughout the
world, and other principles of natural justice, need
to be emphasized. In a world where advances in
science and technology have led to the

development of nuclear weapons, with their potential
for the annihilation of human life, the

need for clarity and reason in scientific decision
making is quite apparent.

After all is said and done, making rational decisions
in a seemingly irrational world is the moral
responsibility of an informed, well-educated society.
While science can make no claims to have all of the
solutions to complex human problems, it does provide
us with the necessary knowledge, skills, and attitudes
to begin to approach these problems in a unique way.

Aim and Goals

The aim of the K-12 Science program is to develop
scientific literacy in students. What, however, is
scientific literacy?

For Saskatchewan schools, scientific literacy has been
defined by seven Dimensions of Scientific Literacy
that are the foundation for the renewed curriculum
(Hart, 1987). Actively participating in K-12 Science
will enable a student to:

understand the nature of science and
scientific knowledge as a unique way of
knowing;

understand and accurately apply appropriate
science concepts, principles, laws, and theories
in interacting with society and the environment;

use processes of science in solving problems,
making decisions, and furthering
understanding;

understand and appreciate the joint enterprises
of science and technology and the
interrelationships of these to each other in the
context of society and the environment;

develop numerous manipulative skills
associated with science and technology,
especially with measurement;

interact with the various aspects of society and
the environment in ways that are consistent
with the values that underlie science; and,

develop a unique view of technology, society,
and the environment as a result of science
education, and continue to extend this interest
and attitude throughout life.




Each of these Dimensions has been defined further
by a series of factors which delineate the science
curriculum. The factors of scientific literacy are
defined and examples are given starting on page
29. Further information about the factors can be
found in Science Program Overview and
Connections K-12.

The study of science should help students to
understand the world in which they live. The
objective is not to have students be able to repeat
the words that teachers or scientists or others use
to describe the world, although they may do that.
It is to have students create their own conceptual
maps of what surrounds them every day, and to
realize that those concepts and the maps which
describe the links between concepts are tentative,
subject to questioning, and revised through
investigation.

As consumers of goods and information, and as
responsible citizens, scientifically literate
individuals are able to exercise their freedom by
basing economic and political decisions on their
insights into science.

Related Documents

Saskatchewan Education has produced the
following documents to support this Secondary
Level science curriculum.

Science: A Curriculum Guide for the Secondary
Level ) Chemistry 20/30 contains the specific
information needed to plan and deliver the
Chemistry 20 and Chemistry 30 courses.

Science Program Overview and Connections K-12
contains important sections on the philosophy and
rationale behind the teaching of science, and on
planning for instruction in science for all teachers
from kindergarten to grade 12. Sections of this
document will also be useful for administrators,
teacher-librarians, and others.

Science: An Information Bulletin for the Secondary
Level ) Chemistry 20/30 Key Resources lists the
key resources which have been recommended to
help achieve the factors and objectives outlined in
the Chemistry 20/30 Curriculum Guide. It is
organized so that the resources, with page or
chapter references, are listed for each topic in the
Curriculum Guide.

Secondary Sciences: Biology 20/30, Chemistry
20730, Physics 20/30 ) An Information Bulletin for

Administrators has information regarding the
organization of the secondary science courses,
addresses implications for their implementation, and
encourages support for the science program.

Science: A Bibliography for the Secondary Level )
Biology, Chemistry, Physics contains an annotated
listing of resources which can be used to enrich the
chemistry program and to assist in implementing
resource-based learning in the classroom. Each
annotation contains a recommendation about the
topic(s) for which the resource is most appropriate.

The Factors of Scientific
Literacy

Before using this Curriculum Guide, teachers should
be familiar with the Science Program Overview and
Connections K-12, a document that provides
background information about the factors of scientific
literacy. A list of the factors, their definitions, and
examples of instances in science where these factors
are important, or can be developed, is also found
beginning on page 29 of this Curriculum Guide.
Nearly all of the factors which have been identified as
components of the Dimensions of Scientific Literacy
can be developed in Chemistry 20 and Chemistry 30.

Different students will exhibit varying degrees of
sophistication in dealing with some factors of
scientific literacy. Some may be at a rudimentary
level in understanding; others will be advanced. The
teacher will need to adapt the course to meet these
student variations.

In order to emphasize as many of these factors as
possible during the course, and to concentrate on
those less well developed, teachers must have a
thorough understanding of each factor and exhibit
good lesson planning and lesson reflection skills.
Lesson reflection means that, at the end of the lesson,
the teacher thinks about what happened. Based on
assessment of student interests, understandings,
strengths, and needs, the teacher identifies what was
covered and what needs more work. The teacher
must verify the connections among the goals, factors,
and objectives.

The K-12 science curriculum in Saskatchewan
schools is intended to develop the
understandings, abilities, and values specified
by the factors of scientific literacy. The scope
and depth of Chemistry 20 and Chemistry 30 is
guided by these factors.




Using This Curriculum Guide

Each of the units in this guide has a similar
structure, beginning with the Unit Overview. The
Overview gives a brief synopsis of the unit, with
some comments about the philosophy behind
teaching that unit and its topics.

The section Factors of Scientific Literacy
Which Should Be Emphasized follows. The
introduction and development of the factors of
scientific literacy form the basis for the science
program from kindergarten through grade 12. The
factors can be thought of as the prime
foundational objectives for each science
course. All other elements of the curriculum
support the development of these factors of
scientific literacy.

The section lists the factors which should be
emphasized in that core unit. Teachers are free to
emphasize what they feel are the most appropriate
factors in a unit, whether or not they appear on
this list. This section indicates that the factors are
important and should be considered in the
planning of each unit. It is a help for organization
in that if those factors are emphasized in that unit,
all appropriate factors will be covered during the
course. It is not meant to restrict the coverage to
those factors listed.

The Foundational Objectives for Chemistry
and the Common Essential Learnings are
statements of what students should be able to
achieve during Chemistry 20 and Chemistry 30.
The stating of objectives for the Common Essential
Learnings is a reminder that one of the primary
foci of the curriculum is the incorporation of the
Common Essential Learnings into science
instruction. They are described as foundational
because they are general, guiding objectives. Since
foundational objectives in the Common Essential
Learnings are meant to be achieved over a
student’s entire school experience, students may
come to chemistry classes with some understanding
of these concepts, gained in previous science classes
and in other areas of study. Encourage the
development of their understanding of the
objectives which are listed, and others which are
perceived as appropriate for that unit, during the
study of chemistry.

The foundational objectives for science describe the
broad intent of the unit. They are intended to give
the unit its focus and structure. Learning

Objectives which will promote accomplishment of

each foundational objective can be selected from
those listed or can be developed by the teacher and
students. The learning objectives define more
specifically what will be dealt with during the unit
of study. By giving careful consideration to the
learning objectives, the Adaptive Dimension enters
the classroom, and the foundational objectives for
both chemistry and the Common Essential
Learnings can be accomplished.

The Suggested activities and ideas for
research projects section is, as the name
indicates, meant to provide a broad choice from
which ideas for activities may be taken. It is not
intended that all activities from this section be
done, or that this is the only source of ideas for
activities and projects. The ideas included in this
section are meant to supplement those found in
laboratory manuals, texts, journals and other
references. As with any activities, please ensure
that the facilities and equipment available are
appropriate for safe conduct of the activity. It is
always good practice to try an activity before
having students do it, if it involves laboratory
procedures.

The Sample ideas for evaluation and for
encouraging thinking section provides questions
that may be used for assignments, class discussions
or exams. The questions are designed to require
abilities beyond the ability to recall information.

The outlines of the Chemistry 20 and
Chemistry 30 courses are based on 100 hours
being allotted to each course. Chemistry 20 is
a prerequisite course for Chemistry 30.

The sequencing of the units is at the discretion of
the teacher. Creative rearrangement of the topics
is encouraged. Some teachers have had good
experiences when starting with the unit on
Chemical Reactions in Chemistry 20 and
introducing the concepts of atoms, elements,
molecules, compounds, symbols, formulas and
stoichiometry as the reactions they observe in
laboratory activities are discussed. Many of these
topics may be integrated or developed
simultaneously. Examples of integration are given
after the Chemistry 20 outline.




Chemistry 20 Outline

The first seven units are compulsory. Time
allotments for those units are suggested but may be
altered according to the interests and needs of the
students, the facilities and resources available, and
the abilities and priorities of the teacher.

Introduction to Chemistry (4 hours)
Laboratory Activities (20 hours) integrated
with other units)

Independent Research (10 hours) ) may be
integrated with other units

Atoms and Elements (8 hours)

Molecules and Compounds (8 hours)
Chemical Reactions (8 hours)

Mole Concept and Stoichiometry (12 hours)
Optional: Behaviour of Gases

Optional: Consumer Chemistry

Optional: Organic Chemistry

Optional: Teacher Developed Unit

More time for the optional units may be gained by
integrating those concepts and topics into the core
units. For example, organic chemistry may be
discussed in the context of molecules, compounds
and chemical reactions. The behaviour of gases
may form the basis for a significant part of the
"Mole Concept and Stoichiometry " unit. The
"Consumer Chemistry" unit may be used as an
introduction to chemistry or as the focus of
independent research. The Teacher Developed Unit
may be an integrated unit involving objectives from
the Molecules and Compounds unit, the Chemical
Reactions unit and the Organic Chemistry unit.

Chemical Terminology

The use of terminology to describe various aspects
of chemistry evolves. Thus some terms in use in
1965 are now obsolete or recommended for change.
Below are listed terms which are may cause
confusion due to changing usage. Students should
probably have some familiarity with all these
terms.

Amphiprotic replaces amphoteric.

Reaction diagram, reaction pathway, energy
diagram are used interchangeably.

Nucleon number (A) replaces mass number.
Z is the symbol for proton number (atomic
number).

Chemistry 30 Outline

The Case Studies unit and the Teacher
Developed Unit are the only optional units. Each
of the compulsory units offers extensive latitude for
enrichment and extension.

1 Review of Basic Principles (5 hours) ) may be
integrated with other units

1 Laboratory Activities (20 hours) ) integrated

with other units

Independent Research (10 hours) ) may be

integrated with other units

Optional: Case Studies

Solubility and Solutions (5 hours)

Energy Changes in Chemical Reactions (5

hours)

Reaction Kinetics (5 hours)

Equilibrium (5 hours)

Acid-Base Equilibria (8 hours)

Oxidation and Reduction (8 hours)

Optional: Teacher Developed Unit

Any one resource will not be sufficient to
support the chemistry curriculum. Instead,
teacher-selected activities and content from a
variety of resources should be integrated to
produce a comprehensive, activity-based
program.

1 SATP replaces NTP and STP. Conditions at
SATP are 25°C and 100 kPa. The volume of
1 mole of an ideal gas at SATP is 24.8 L.

I Mole is the Sl unit. Its symbol is mol.

I mol-m?is preferred, but mol-L*, M, and

mole/litre are used for expressing

concentration.

Mass is used instead of weight, as in relative

molar mass instead of molecular weight and

relative atomic mass instead of atomic weight.

Formula mass, molecular mass, and molar

mass each have a particular use.

Joules (J) replace kilocalories (kcal) for

measuring and reporting energies of

reactions. 1 kcal is equivalent to 4.18 J.




A Science-Technology-Society-Environment (STSE) Approach to Science Education

The Science-Technology-Society-Environment
(STSE) approach to science education differs from
the way science has traditionally been presented.
The ideal is to introduce a topic for study through
the description of an application. In order to
understand the science behind the application,
knowledge and skills must be developed, along
with activities which give purpose to the newly

Figure 1

An STSE Approach to Science Education

acquired knowledge and skills. Alternatively, the
activities may immediately follow the discussion of
the application, and serve to develop the knowledge
and skills needed to understand the application.
The arrows on Figure 2 are meant to show the
variety of paths from the description of an
application to the final discussion.
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Guidelines To Using Resource
Materials

A resource-based learning approach requires long-

term planning and coordination within a school or

school division. In-school administrators, teacher-

librarians, and others need to take an active role to
assist with this planning.

Science: An Information Bulletin for the Secondary
Level ) Chemistry 20/30 Key Resources correlates
key resources to the topics of each unit. Science: A
Bibliography for the Secondary Level ) Biology,
Chemistry, Physics provides an annotated listing of
resources which further support resource-based
learning. Teachers should consider the suggestions
and recommendations in these documents. Other
materials may also be used.

As new resource materials become available,
Information Bulletins may be issued as updates.
They will indicate which new resources can be

used, as well as those resources that are no longer
available.

As was indicated earlier, no single resource
matches the chemistry curriculum. To
facilitate a resource-based approach, the use
of a variety of resources instead of a single
textbook is highly recommended.

Teachers may wish to extend some of the topics
that were selected for Science 10 into Chemistry 20
or Chemistry 30. One topic from Science 10 which
has many ties to chemistry is the issue of water
guality. Food additives and human nutrition is
another topic which could be extended. This should
be coordinated within schools. Resources should be
selected with this in mind.

Instructional methods which emphasize group
work and develop independent learning abilities
make it possible to utilize limited resources in a
productive way.




Core Curriculum and Other Initiatives

Core Curriculum: Plans for Implementation
(Saskatchewan Education, 1987) defines the Core
Curriculum as including seven Required Areas of
Study, the Common Essential Learnings, the
Adaptive Dimension, and Locally-Determined
Options. Science is one of the Required Areas of
Study.

Understanding the Common Essential Learnings:
A Handbook for Teachers (Saskatchewan
Education, 1988), as a foundation document for
Saskatchewan Education, defines and expands on
an understanding of these essential learnings.
Other Saskatchewan Education documents
elaborate on the concept of Core Curriculum. See
the references in this Curriculum Guide and in

Science Program Overview and Connections K-12.

There are other supportive initiatives for Core
Curriculum being developed by Saskatchewan
Education, including Gender Equity, Indian and

Métis perspectives, and Resource-Based Learning.

These initiatives can be viewed as principles that
guide the development of curricula as well as
instruction in the classroom. The initiatives
outlined in the following statements have been
integrated throughout the Curriculum.

The Adaptive Dimension in the
Chemistry Curriculum

The Adaptative Dimension aims to meet learner
needs and is an expectation inherent in the Goals of
Education. It is an essential ingredient of any
consideration of Instructional Approaches. In
Instructional Approaches: A Framework for
Professional Practice (Saskatchewan Education,
1991) the Adaptive Dimension is defined as:

the concept of teachers exercising their
professional judgement to develop an integrated
plan that encompasses curricular and
instructional adjustments to provide an
appropriate education that is intended to
promote optimum success for each child.

The continuum of curricular programs authorized by
Saskatchewan Education ) Regular, Transitional, and
Alternative Programs ) recognizes the need for
variation in curriculum content and delivery
mechanism. The continuum indicates that within
each program, and therefore within each course of
study, adaptation is required. Teachers are
empowered to adjust the curriculum content in order
to meet student needs; as professionals they must
ensure that the instructional approaches are also
adapted. This implies that teachers have at their
"fingertips" a broad, strong repertoire of instructional
strategies, methods, and skills and that conscious
planning takes place to adapt these approaches to
meet student needs. See Figure 2 on page 7.

The cues that some students' needs are not being
adequately met come from a variety of sources. They
may come to the perceptive teacher as a result of
monitoring for comprehension during a lesson. The
cue may come from a unit test, or from a student
need or background deficiency that has been
recognized for several years. A student's
demonstrated knowledge of, or interest in, a
particular topic may indicate that enrichment is
appropriate. The adaptation required may vary from
presenting the same content through a slightly
different instructional method, to modifying the
content because of a known information background
deficit or to establishing an individual or small group
enrichment activity. The duration of the adaptation
may range from five minutes of individual assistance,
to placement of the student in an alternative or
enrichment




Figure 2

Correlating Instruction, Evaluation, and Science Goals

Laboratory Groups

Instructional Some Important Instructional Some Corresponding DSL
Strategies Methods for Science Assessment Techniques* Major
(See p. 20, Instructional (See pages 23, 45 Student Emphasis
Approaches: A Framework for Evaluation: A Teacher (Seep. 2
Professional Practice) Handbook) this
Guide)
Direct I Demonstrations I Group/Individual (Peer/Self):
1 Mastery Lecture Performance Assessments B, E
1 Structured Overview I Short-Answer Quizzes &
Tests
Indirect I Concept Mapping/Formation/ I Individual/Group:
Attainment Presentations A-D
I Inquiry I Oral Assessments
I Problem Solving I Performance Assessments
I Written Assignments
Experiential I Conducting Experiments I Group/Individual:
I Field Observations & Trips Performance Assessments; B,C,E
I Model Building Written Assignments;
I Simulations I Peer/Self: Oral Assessments
I Technical Skills
Independent I Computer Assisted Instruction I Performance Assessments
Study 1 Essays & Reports I Portfolios All
I Homework I Presentations
I Research Projects I Quizzes
I Written Assignments
I Brainstorming I Group/Peer: Oral
Interactive I Co-operative Learning Groups Assessments
I Discussion I Written Assignments All

* Ancedotal Records, Observation Checklists, and Rating Scales can be used as methods of data
recording with all of the categories.

Curriculum
I concepts

I content

I materials
I evaluation

Some Adaptive Dimension Variables

Learning Environment

Instruction

I strategies, methods, skills 1
I pacing and time 1
1 feedback, modification and 1
reflection 1

classroom climate
grouping

support

physical setting




The diagnosis of the need may be handled
adequately by the classroom teacher, or may
require the expertise of other support specialists
such as the school's resource teacher or the
regional coordinator ) special education.

The recognition of the need for adaptive instruction
is dependent upon the professional judgement of
the teacher. The decision to initiate adaptive
practices must be an informed one. While the
practice of adapting instruction may occur through
the placement of students in programs other than
those defined as regular, the most frequent
application of the Adaptive Dimension will occur as
teachers in regular classroom settings adjust their
use of both content and instructional approaches.

Instructional Approaches: A Framework for
Professional Practice identifies a hierarchy of
approaches ) models, strategies, methods, and
skills. The four basic models of instruction do not
change, whether used in a "regular” class setting,
or with a small group as an adaptive approach.
The strategies, methods, and skills may be altered
or adapted. Hence a framework for inservice,
investigation, and discussion among professionals
has been established.

Science teachers will have to take advantage of and
create inservice opportunities to adjust their
repertoire of instructional strategies, methods, and
skills.

Common Essential Learnings

Science offers many opportunities for incorporating
the Common Essential Learnings into instruction.
The purpose of this incorporation is to help
students better understand the subject matter
under study and to better prepare students for
their future learning both within and outside the
K-12 educational system. The decision to focus on
a particular Common Essential Learning within a
lesson is guided by the needs and abilities of indivi-
dual students and by the particular demands of the
subject area. Throughout a core unit, it is intended
that the Foundational Objectives for the
Common Essential Learnings will have been
developed to the extent possible, regardless of the
topics selected.

It is important to incorporate the Foundational
Objectives for the Common Essential
Learnings in an authentic manner. For example,
some topics may offer many opportunities to

develop the understandings, values, skills, and
processes related to a number of the foundational
objectives. The development of a particular
foundational objective, however, may be limited by
the nature of the subject matter under study.

It is intended that the Common Essential
Learnings be developed and evaluated within
subject areas. Therefore, Foundational
Objectives for the Common Essential
Learnings are included in the introductory section
of each core unit in this Curriculum Guide. Since
the Common Essential Learnings are not
necessarily separate and discrete categories, it is
anticipated that working toward the achievement
of one foundational objective may contribute to the
development of others. For example, many of the
processes, skills, understandings, and abilities
required for the Common Essential Learnings of
Communication, Numeracy, and Critical and
Creative Thinking are also needed for the
development of Technological Literacy.

Incorporating the Common Essential Learnings
into instruction has implications for the assessment
of student learning. Assessment in a unit which
has focused on developing the Common Essential
Learnings of Communication and Critical and
Creative Thinking should reflect this focus.
Assessment strategies can allow students to
demonstrate their understanding of the important
concepts in the unit and how these concepts are
related to each other and to previous learning.
Questions can be structured so that evidence or
reasons may accompany student explanations. If
students are encouraged to think critically and cre-
atively throughout a unit, then the assessment
strategies for the unit should also require students
to think critically and creatively.

It is anticipated that teachers will build from the
suggestions in this Curriculum Guide and from
their personal reflections in order to better
incorporate the Common Essential Learnings into
the teaching of science.

Throughout this Curriculum Guide, the following
symbols may be used to refer to the Common
Essential Learnings:

COM Communication

CCT Critical and Creative Thinking

IL Independent Learning

NUM Numeracy

PSVS Personal and Social Values and Skills
TL Technological Literacy




Incorporating the Common
Essential Learnings into
Chemistry Instruction

The science curriculum from Kindergarten to grade
12 involves the development of the factors within
the Dimensions of Scientific Literacy. The main
goal is to promote an interest in, and an
understanding of, science.

The Common Essential Learnings should be
planned and developed within the context of good
science lessons. As lesson planning is taking place
consideration should be given to how to incorporate
the Common Essential Learnings. The Factors of
Scientific Literacy Which Should Be
Emphasized, and the Foundational Objectives
for Chemistry and the Common Essential
Learnings outlined at the beginning of each core
unit, provide appropriate starting points in
planning.

Science-Technology-Society-Environment Inter-
relationships (Dimension D) help to develop
Technological Literacy. All eleven factors
within Dimension D are developing by grade 10.
Technology, as it is developed within this
Dimension, is studied within a social context. The
connections between science and technology are
elaborated. Furthermore, the impact that technol-
ogy has on society, on science, and on the environ-
ment is developed. Technology is defined as more
than the gadgets and gizmos that are often the only
things associated with it. Many of the topics
within Chemistry 20 and Chemistry 30 can be
structured to develop Technological Literacy.

Scientific and Technical Skills (Dimension E) also
helps to develop Technological Literacy. Many
scientific and technical skills in use today exist
because of materials and instruments which have
been developed through advances in technology.
The impact that these new things have on our lives
and on the environment is very important.

Numeracy can be developed through various
factors of scientific literacy which are linked closely
with this Common Essential Learning. Some of
these include the empirical nature of science (A5),
guantification (B8), probability (B19), accuracy
(B21), measuring (C5), using numbers (C7), using
mathematics (C17), and using quantitative
relationships (E13). To anyone who understands
science, the importance of Numeracy is readily
apparent.

Problem solving can lend itself to developing
Numeracy. Any other quantitative applications, of
which there are many, further develop this
Common Essential Learning. Students should be
given many opportunities to develop ways in which
guantities can be measured, recorded,
manipulated, analyzed, and interpreted. Simply
plugging numbers into obscure formulae is not
nearly enough. Students must appreciate the
importance of numeric information in the world of
science.

Specific factors relating to the Common Essential
Learning of Communication include
communicating (C2), and observing and describing
(C3). The public/private nature of science (Al)
reveals the underlying importance of
communication in science. Scientists share their
discoveries with others. This involves the use of
language and of written and verbal communic-
ation. When students explore important scientific
principles, and discuss their understandings orally
or in writing, using their own language, their
ability to communicate evolves. Skills which help
to promote and develop effective communication
need to be reinforced. They are important aspects
of a good science program.

Values that Underlie Science (Dimension F) and
Science-Related Interests and Attitudes
(Dimension G) help to develop Personal and
Social Values and Skills. Attaining the factors
in these two Dimensions of Scientific Literacy can
lead to positive attitudes about science. These
Dimensions involve the affective domain. Other
factors, such as working cooperatively with others
(C4), scientists and technologists are human (D2),
and the human/culture related nature of science
(A9), further help to develop Personal and Social
Values and Skills.

An activity-oriented science program will develop
critical and creative thinkers. Among other things,
scientific inquiry involves hypothesizing (C8),
designing experiments (C16), observing and
describing (C3), inferring (C9), arriving at
conclusions, formulating scientific laws, developing
or testing theories, etc. These kinds of activities
require higher level thinking.

The unit Independent Research in both
Chemistry 20 and Chemistry 30, as well as
Consumer Chemistry in Chemistry 20, support
Critical and Creative Thinking. The emphasis
on scientific research and on practical applications
of science allows students to make meaningful




connections with the real world, transferring their
understanding of science to things which make
their learning relevant. Problem solving activities
and classroom outreach further develop the
knowledge, values, skills, and processes related to
Critical and Creative Thinking.

Considering controversial issues in science also
leads students to develop Critical and Creative
Thinking abilities when they analyze conflicting
value positions. As they develop a knowledge base
and begin to form their own value positions,
Personal and Social Values and Skills are
developed.

Independent Learning can also be developed well
in Chemistry 20 and Chemistry 30 because of the
emphasis being placed on variety in instructional
approaches. By placing less emphasis on
traditional lecture presentations, teachers transfer
more of the responsibility for learning from
themselves to their students. The student assumes
a more active role in the classroom experience.

The teacher assumes the role of the learning
facilitator.

While some science content can be identified with
specific Common Essential Learnings, quite often it
can not. The Common Essential Learnings
developed in any given lesson do not depend on
content as much as they do on process. The
teaching strategies selected, through careful unit
and lesson planning, are what determine which
Common Essential Learnings will be developed,
and how well they will be developed. The key
point is that a conscientious effort to
incorporate the Common Essential Learnings
can make a tremendous impact on students.

For many topics in science, any of the Common
Essential Learnings can be developed. Which ones
are developed, and to what extent any of the
Common Essential Learnings are emphasized in a
topic, depend on the goals of the new science
curriculum, the foundational objectives being
addressed in a particular core unit, as well as on
the specific learning objectives for that topic. Just

as there are many different ways to teach a lesson,
so too there are many different ways of
incorporating the Common Essential Learnings
into that lesson. What matters is that teachers
develop the Common Essential Learnings
effectively, with the specific interests and needs of
their students in mind. The beauty of incorporat-
ing the Common Essential Learnings into science is
that, as in other subject areas, the ways in which
this can be done are dynamic and flexible. The
techniques used change as students' perceived
needs change.

Gender Equity

Saskatchewan Education is committed to providing
guality education for all students in the K-12
system. Expectations based primarily on gender
limit students' ability to develop to their fullest
potential. While some stereotypical views and
practices have disappeared, others remain. Where
schools endeavour to provide equal opportunity for
male and female students, continuing efforts are
required to achieve equality of benefit or outcome.
It is the responsibility of schools to create an
educational environment free of gender bias. This
can be facilitated by increased understanding and
use of gender balanced material and non-sexist
teaching strategies. Both female and male
students need encouragement to explore non-
traditional, as well as traditional, options.

In order to meet the goal of gender equity in the K-
12 system, Saskatchewan Education is committed
to bringing about the reduction of gender bias that
restricts the participation and choices of all
students. It is important that Saskatchewan
curricula reflect the variety of roles and the wide
range of behaviours and attitudes available to all
members of our society. The new curricula strive
to provide gender-balanced content, activities, and
teaching approaches. It is hoped that this will
assist teachers in creating an environment free of
stereotyping, enabling both females and males to
share in all experiences and opportunities which
develop their abilities and talents to the fullest.

10



Indian and Métis Curriculum
Perspectives

The integration of Indian and Métis content into
the Kindergarten to Grade 12 curriculum fulfils a
central recommendation of Directions. The Five
Year Action Plan for Native Curriculum
Development further articulates the commitment
and process. In addition, the 1989 Indian and
Métis Education Policy from Kindergarten to
Grade 12 makes the statement:

Saskatchewan Education recognizes that the
Indian and Métis peoples of the province are
historically unique peoples and occupy a unique
and rightful place in society today.
Saskatchewan Education recognizes that
education programs must meet the needs of
Indian and Métis peoples, and that changes to
existing programs are also necessary to benefit
all students. (p.6)

It is recognized that, in a pluralistic society,
affirmation of culture benefits everyone. Its
representation in all aspects of the school
environment enables children to acquire a positive
group identity. Instructional resources which
reflect Indian and Métis cultures similarly provide
meaningful and relevant experiences for children
of Indian and Métis ancestry and promote the
growth of positive attitudes in all students towards
Indian and Métis peoples. Awareness of one's own
culture, and the cultures of others, forms the basis
for positive self-concept. Understanding other
cultures enhances learning and enriches society. It
also promotes an appreciation of the pluralistic
nature of Canadian society.

Indian and Métis students in Saskatchewan have
varied cultural backgrounds and come from
geographic areas encompassing northern, rural,
and urban environments. Teachers must be given
support that enables them to create instructional
plans relevant to meeting diverse needs. Varied
social, cultural, and linguistic backgrounds of
Indian and Métis students imply a range of
strengths and learning opportunities for teachers
to draw upon. Explicit guidance, however, is
needed to assist teachers in meeting the challenge
by enabling them to make appropriate choices in
broad areas of curriculum support. Theoretical
concepts in anti-bias curricula, cross-cultural
education, applied socio-linguistic, first and second
language acquisition, and standard and
non-standard usage of language are becoming
increasingly important to classroom instruction.

Care must be taken to ensure teachers utilize a
variety of teaching methods that build upon the
knowledge, cultures, and learning styles students
possess. All curricula need specific kinds of
adaptations to classroom strategies for effective
use.

The final responsibility for accurate and
appropriate inclusion of Indian and Métis content
in instruction rests on teachers. They have the
added responsibility of evaluating resources for
bias, and teaching students to recognize bias. The
Science-Technology-Society-Environment emphasis
of the new science curricula provides teachers with
many opportunities to begin these integration and
evaluation processes.

The following points summarize expectations for
Indian and Métis content and perspectives in
curricula, materials, and instruction:

concentrate on positive and accurate images;
reinforce and complement beliefs and values;
include historical and contemporary insights;
reflect the legal, political, social, economic and
regional diversity of Indian and Métis peoples;
I affirm life experiences and provide opportunity
for expression of feelings.

Instructional Approaches

The Dimensions of Scientific Literacy and the
development of the Common Essential Learnings
are the foundations of the K-12 Science program.
In order to give students a chance to develop their
understandings and abilities in these foundations,
it is necessary for teachers to use a broad range of
instructional approaches. Instructional
Approaches: A Framework for Professional Practice
(Saskatchewan Education, 1991) provides a
framework to understand and implement a variety
of approaches to teaching. The Chemistry 20/30
curriculum has been designed to support teachers
in using such a broad-based approach in the
classroom by providing opportunity for student-
centred learning and encouragement for innovative
teaching strategies and methods.

Student assessment should reflect the methods of
instruction. Multiple choice questions can not fully
assess students' progress when they have been
involved in problem solving in cooperative learning
groups. Figure 2 on page 7 outlines some of the
relationships between instructional methods and
assessment techniques.
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More specific information about using a variety of
strategies and methods in a science classroom can
be found in Teaching Science Through a Science-
Technology-Society-Environment Approach: An
Instruction Guide (Aikenhead, 1988). See also the
section on the Adaptive Dimension, on page 6 of
this guide.

The verbs of the Learning Objectives listed for
the core units suggest various approaches to
instruction, and reiterate some of the processes of
science. For example:

I analyze I examine

I calculate I explore

I classify 1 express

I collaborate I identify

I create I investigate

1 demonstrate I recognize

I determine I share

I develop I synthesize

I discuss I use

I evaluate I work cooperatively

Resource-Based Learning

Resource-based teaching and learning is a means
by which teachers can greatly assist the
development of attitudes and abilities for
independent, life-long learning. Resource-based
instruction means that the teacher, teacher-
librarian, and other professional staff plan units
that integrate resources with classroom
assignments, and teach students the processes
needed to find, analyze, and present information.

Resource-based instruction is an approach to
curriculum which involves students with all types
of resources. Some possible resources are: books,
magazines, films, audio and video tapes, computer
software and databases, manipulable objects,
commercial games, maps, community resources,
museums, field trips, pictures and study prints,
real objects and artifacts, and media production
equipment.

Resource-based learning is student-centred. It
offers students opportunities to choose, to explore,
and to discover. Students who are encouraged to
make choices, in an environment rich in resources
where their thoughts and feelings are respected,
are well on their way to becoming autonomous
learners.

The following points will help teachers use

resource-based teaching and learning.

I Discuss the objectives for the unit with students.
Focus the discussion on how the students can
relate the objectives to their environment,
culture and other factors which are appropriate
to their situation. Correlate needed research
skills with the activities in the unit, so that skills
are always taught in the context of application.
Work with your teacher-librarian, if available.

Plan in good time with other school staff so that
adequate resources are available, and decisions

are made about shared teaching responsibilities,
if applicable.

Use a variety of resources in classroom teaching,
showing students that you are a researcher who
constantly seeks out sources of knowledge.
Discuss with them the use of other libraries,
government departments, museums, and various
outside agencies in their research.

Ask the teacher-librarian (if available) to provide
resource lists and bibliographies when needed.

Participate in, and help plan, inservice programs
on using resources effectively.

Continually request good curriculum materials
for addition to the library collection.

Support the essential role of the library resource
centre and the teacher-librarian in your talks
with colleagues, principals, and directors.

More information on resource-based learning may
be found in Science Program Overview and
Connections K-12.
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Assessment and Evaluation

Why Consider Assessment and
Evaluation?

Much research in education around the world is
currently focusing on assessment and evaluation.

It has become clear, as more and more research
findings accumulate, that a broader range of
attributes need to be assessed and evaluated than
has been considered in the past. A wide variety of
ways of doing this are suggested. Assessment and
evaluation are best addressed from the viewpoint of
selecting what appears most valid in meeting
prescribed needs.

In Student Evaluation: A Teacher Handbook
(Saskatchewan Education, 1991) the difference
between the various forms of evaluation is
explained. Student evaluation focuses on the
collection and interpretation of data which would
indicate student progress. This, in combination
with teacher self-evaluation and program
evaluation, provides a full evaluation.

Phases of the Evaluation
Process

Evaluation can be viewed as a cyclical process
including four phases: preparation, assessment,
evaluation, and reflection. The evaluation process
involves the teacher as a decision maker
throughout all four phases.

I In the preparation phase, decisions are made
which identify what is to be evaluated, the type
of evaluation (formative, summative, or
diagnostic) to be used, the criteria against which
student learning outcomes will be judged, and
the most appropriate assessment strategies with
which to gather information on student progress.
The teacher's decisions in this phase form the
basis for the remaining phases.

During the assessment phase, the teacher
identifies information-gathering strategies,
constructs or selects instruments, administers
them to the student, and collects the information
on student learning progress. The teacher
continues to make decisions in this phase. The
identification and elimination of bias (such as
gender and culture bias) from the assessment
strategies and instruments, and the
determination of where, when, and how

assessments will be conducted are examples of
important considerations for the teacher.

During the evaluation phase, the teacher
interprets the assessment information and
makes judgements about student progress.
Based on the judgements or evaluations,
teachers make decisions about student learning
programs and report on progress to students,
parents, and appropriate school personnel.

The reflection phase allows the teacher to
consider the extent to which the previous phases
in the evaluation process have been successful.
Specifically, the teacher evaluates the utility and
appropriateness of the assessment strategies
used, and such reflection assists the teacher in
making decisions concerning improvements or
modifications to subsequent teaching and
evaluation. Science Program Overview and
Connections K-12 contains questions which
encourage teachers to reflect on student
assessment, their own planning, and on the
structure of the curriculum.

All four phases are included in formative,
diagnostic, and summative evaluation processes.
They are represented in Figure 3.

Figure 3 Process of Student Evaluation
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Reflection Assessment

& Evaluafion J

Assessing Student Progress

Specific assessment techniques are selected in
order to collect information about how well
students are achieving objectives. The assessment
technique used at any particular time depends on
what facility with the knowledge, skills or
processes the teacher wants the students to
demonstrate. The appropriateness of the
techniques therefore rests on the content, the
instructional strategies used, the level of the
development of the students, and what is to be
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assessed. The environment and culture of the
students must also be considered.

Various assessment techniques are listed below.
The techniques listed are meant to serve only for
reference, since the teacher exercises professional
judgement in determining which techniques suit
the particular purposes of the assessment. For
further information on the various assessment
strategies and types of instruments that can be
used to collect and record information about

student learning, refer to the Student Evaluation:

A Teacher Handbook (Saskatchewan Education,
1992). Refer also to Figure 2 on page 7.

A Reference List of Specific
Student Evaluation
Techniques

Methods of organization

I assessment stations

I individual evaluations

I group evaluations

I contracts

I self- and peer-assessments
I portfolios

Methods of data recording
I anecdotal records

1 observation checklists

I rating scales

Ongoing student activities
I written assignments

I presentations

I performance assessments
I homework

uizzes and tests

oral assessment
performance tests
extended open response
short answer items
matching items
multiple choice items
true/false items

(L BT BT BT BT BT |-O

Student Assessment in
Chemistry

At the start of any class, a teacher has a group of
new students. The students are new, even if they

know each other or the teacher, because they will
be dealing with different material, from a different
point of view, within an evolving system of inter-
actions. The factors of scientific literacy and the
learning objectives for the curriculum are the
criteria for guiding student assessment. These may
be attainable by the majority of students, but for
some they will be outside their capabilities.
Adaptations to expectations or methods will be
required. The Adaptive Dimension recognizes that
the needs of all students must be considered for
effective teaching and learning to occur. The
Adaptive Dimension is equally important in
determining what is appropriate assessment.

"Graded" teaching resources and standardized tests
are based on what is accepted as normal or average
for a student of that age group and often for a
specific segment of society. By using standardized
tests a teacher is assessing how a student matches
these culturally determined standards over a
narrow range of skills. The results must be
considered in that context. This measure may be
unattainable by some students. Alternatively,
some students may not reach full potential
because they are not challenged but are allowed to
remain at the acceptable "average". A range of
assessment techniques is necessary to
appropriately assess the range of students in any
classroom.

Students deserve to be assessed on the range of
abilities they have been, and are capable of, using.
The overall assessment plan should reflect the
students’ different learning styles, and different
ways of displaying their learning and the nature of
the abilities being assessed. Self-referenced
assessment is encouraged.

Assessment can be based on oral or written
response or observations of performance. Ideally, it
will be a combination of these. Performance tasks
are an excellent way to assess scientific and
technical knowledge and skills (Dimension E). For
example, reading a thermometer diagram is not the
same as knowing how best to use and place the
thermometer in order to measure temperature.
The best way to assess whether students can
perform an activity is to observe them while they
are actually performing the activity. Ask them
probing questions. The use of anecdotal records,
observation checklists, and rating scales can assist
in data collection when these observations have
taken place.

An example of a performance task would be to give
an individual or group a card with the following
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instructions:
Determine the mass of 0.120 mols of NaCl ).
Measure out that mass of the solid and submit it
to me in a sealed envelope. On the envelope,
indicate how you determined what mass of
NaCl, to measure.

Such a task gives an opportunity to observe ability
to calculate, knowledge and skill in using the
balance, and chemical handling techniques. The
task may be administered at any time during any
class. Other tasks may involve using burets, pipets
and graduated cylinders to measure, transfer or
dilute solutions.

10% of the final grade should be based on
performance tasks carried out either as
separate activities or in conjunction with
laboratory investigations.

The types of tasks and questions which students
are expected to address influence their responses.
When the tasks and questions are limited, so are
the responses. Tasks and questions which elicit
only one word or simple sentence answers often
test recall of factual knowledge. As well, once
students have, for example, formulated a model in
a particular context during a science activity, if
that same context is given in the assessment the
response may be recall, and not a test of any
conceptual or process ability. This is only one facet
of intellectual development. Assessment of higher
order skills (analysis, synthesis, evaluation)
requires novel conditions or situations to consider
with respect to factual knowledge possessed. The
learning objectives and the factors of scientific
literacy in Dimensions A through E can be assessed
through both recall and manipulation of factual
knowledge.

Good questioning is extremely important for
effective teaching and testing. Avoid questions
where there is only a single response. Structure
guestions so some type of reasoning is required.
How? Why? Explain . .. Present problem solving
activities. Develop Critical and Creative Thinking.
All of these things promote and challenge higher
level thinking.

Students may be asked to interpret a graph or
photograph, or to answer a question orally.
Assessment does not have to consist totally of
written work. Varied formats adapt to students'
differing learning styles.

Summative assessment items following the
completion of a unit can cover more scope and

depth than formative assessment items. Apart
from the scope and depth of the activities selected,
the format of summative assignments can be just
as varied, including practical tasks (to reflect
practical knowledge and abilities), interpretation of
graphs and photographs, and investigative
problems and assignments.

Multiple choice, true or false, or fill-in-the-blank
tests usually assess factual recall. Such tests
should be used when appropriate and not as the
sole means of assessment.

Essay questions are useful. They can promote the
processes of science and can be used in both
formative and summative assessment. For those
students who have difficulty writing, discuss
alternatives for the assignment. Illustrations or
art projects, an oral report, a concept map, a
project, or journal writing may serve as significant
supplements to the written essay.

Projects are useful items in summative assessment,
because they can cover the breadth and depth of a
topic. They also involve the use of process abilities.
If the project is a group effort, difficulties might
arise in assessing the individual participation of
each member or the group. Individual contribu-
tions and participation can often be determined by
observing the ways in which the group members
interact with one another and with other members
of the class. Student self-assessment and group
self-assessment to weigh the various contributions
of group members can also be utilized.

The number and type of assignments completed in
a learning centre can be recorded as a summative
assessment. Test stations are particularly useful
for allowing students to demonstrate competence.

Assessing values is the most difficult of all the
areas of assessment and evaluation. At one time,
values were not considered a part of the school's
written curriculum. Parents and society certainly
required that students develop acceptable
behaviours and attitudes, but these were promoted
through the "hidden curriculum™) the teachers’
and school's influences. Now, specific attitudes and
values are to be openly promoted in students, so
the teacher's influence must be directed to these
objectives. Accordingly, they must be assessed. For
further information on values review Chapter VI in
Understanding the Common Essential Learnings:
A Handbook for Teachers (Saskatchewan
Education, 1988).
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Remember that the values listed in Dimensions F
and G of the Dimensions of Scientific Literacy, like
understanding of any of the factors, develop over
time. Emphasizing these same values throughout
the grades can provide the reinforcement to help
students to incorporate the values into their lives.
There are valid reasons to cultivate and assess
students' values and attitudes specified in
Dimensions F and G.

Through the school years, students display their
current values and attitudes by what they say,
write, and do. These three actions can be used for
assessment purposes. When a value or attitude is
observed, record the observation. When setting an

evaluation plan for the year, consider using an
organizer such as Figure 4 on this page to give the
plan a broad base in direction and techniques. The
figure suggests a philosophical framework for
ensuring that all Dimensions of Scientific Literacy
(DSLs) are considered during assessment and
evaluation. For specific unit planning based on the
concepts promoted in the figure, use the
Instruction Plan on page 29 of Student Evaluation:
A Teacher Handbook (1991). The Handbook
provides advice on how to use the plan. It
reinforces the principle that planning for
assessment goes hand in hand with planning
for instructional strategies and methods.
Recall Figure 2 on page 7.

Figure 4: Including Dimensions of Scientific Literacy in Planning for Assessment

Possible evaluation techniques (abbreviation key below)
DSLs % ar co Ir oc or pa | pf pr | pt |rs sa | wt
wit.
A. nature of 5-15 X X X X X X X | x
science

B. Kkey concepts 25-40 | x X X X X X X X | x
C. processes 15-30 | x X X X X X X X X
D. STSE 5-15 X X X X X X X
E. skills 5-15 X X X X X X
F. wvalues 5-10 X X X X X X X X X
G. attitudes 5-10 X X X X X X X X

Key to abbreviations of
evaluation techniques:

ar anecdotal record

co contract

Ir laboratory report

oc observation checklist
or oral response

pa peer assessment

pf portfolio

pr project or written report
pt performance test

rs rating scale

sa self assessment

wt written test

An X' in a cell indicates a stechnique that might be
appropriate for assessing that Dimension of
Scientific Literacy. The placement of an x in a cell
is not definitive. You may not be able to use that
technique to assess factors from the Dimension
indicated. You may find that a blank cell indicates
an opportunity which is appropriate for use in your
class room. The terms for evaluation strategies are
taken from Student Evaluation: A Teacher
Handbook. Assistance in designing an evaluation
plan that uses these techniques can be found in
that document.

Summary of % weight by domains and DSLs:
I Cognitive knowledge (A, B, D, F) ~60%

I Cognitive process/skill (C, E) ~30%

I Affective (Dim. F, G) ~10%
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In order to help maintain a balance among
the various techniques of evaluation and
emphases of instruction, Saskatchewan
Education recommends that all
comprehensive or final exams in Chemistry
20 and 30 be open book exams. Open book is
defined as allowing students to bring texts,
laboratory manuals, and notebooks to use
during the exam. The use of calculators
during classes and exams is encouraged.
Chemistry 30 final examinations prepared
and administered by Saskatchewan
Education will continue to be open book
exams.

R i

Record-Keeping

To aid data collection in order for the factors of
scientific literacy to be addressed in student
assessment, checklists have been included in the
Science Program Overview and Connections K-12
and in this guide. Teachers should adapt these to
suit their needs.

Teachers differ in the way they like to collect data.
Some prefer to have a single checklist, naming all
the students in the class (or in one work group)
across the top and listing the criteria to be assessed
down the side. The students' columns are then

marked if a criterion is met. In this case some
information would have to be transferred later to a
student’s individual profile.

Other teachers prefer to have one assessment sheet
per student, which is kept in the profile. That
sheet would list the factors for assessment down
the side, but along the top might be a series of
dates indicating when assessment took place. Such
an individual file would illustrate development
over the year. In this case, information might have
to be transferred from the profile to the official
class mark book, as required.

Examples of these types of assessment sheets are
also given in Science Program Overview and
Connections K-12.

Program Evaluation

Program evaluation is a systematic process of
gathering and analyzing information about some
aspect of a school program in order to make a
decision, or to communicate to others involved in
the decision-making process. Program evaluation
can be conducted at two levels: relatively
informally at the classroom level, or more formally
at the classroom, school, or school division levels.

At the classroom level, program evaluation is used
to determine whether the program being presented
to the students is meeting both their needs and the
objectives prescribed by the province. Program
evaluation is not necessarily conducted at the end
of the program, but is an ongoing process. For
example, if particular lessons appear to be poorly
received by students, or if they do not seem to
demonstrate the intended learnings from a unit of
study, the problem should be investigated and
changes made. By evaluating their programs at
the classroom level, teachers become reflective
practitioners. The information gathered through
program evaluation can assist teachers in program
planning and in making decisions for improvement.
Most program evaluations at the classroom level
are relatively informal, but they should be done
systematically. Such evaluations should include
identification of the areas of concern, collection and
analysis of information, and judgement or decision
making.

Formal program evaluation projects use a step-by-
step problem-solving approach to identify the
purpose of the evaluation, draft a proposal, collect
and analyze information, and report the evaluation
results. The initiative to conduct a formal
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program evaluation may originate from an
individual teacher, a group of teachers, the
principal, a staff committee, an entire staff, or
central office. Evaluations are usually done by a
team, so that a variety of background knowledge,
experience, and skills are available and the work
can be shared. Formal program evaluations should
be undertaken regularly to ensure programs are
current.

To support formal school-based program evaluation
activities, Saskatchewan Education has developed
the Saskatchewan School-Based Program
Evaluation Resource Book (1989) to be used in
conjunction with an inservice package. Further
information on these support services is available
from the Evaluation and Student Services Division,
Saskatchewan Education.

Curriculum Evaluation

During the decade of the 1990's, new curricula will
be developed and implemented in Saskatchewan.
Consequently, there will be a need to know
whether these new curricula are being effectively
implemented and whether they are meeting the
needs of students. Curriculum evaluation, at the
provincial level, involves making judgements about
the effectiveness of provincially authorized
curricula.

Curriculum evaluation involves the gathering of
information (the assessment phase) and the
making of judgements or decisions based on the
information collected (the evaluation phase), to
determine how well the curriculum is performing.
The principal reason for curriculum evaluation is
to plan improvements to the curriculum. Such
improvements might involve changes to the
curriculum document and/or the provision of
resources or inservice to teachers. Itis intended
that curriculum evaluation be a shared,
collaborative effort involving all of the major
education partners in the province. Although
Saskatchewan Education is responsible for
conducting curriculum evaluations, various
agencies and educational groups will be involved.

For instance, contractors may be hired to design
assessment instruments; teachers will be involved
in instrument development, validation, field
testing, scoring, and data interpretation; and the
cooperation of school divisions and school boards
will be necessary for the successful operation of the
program.

In the assessment phase, information will be
gathered from students, teachers, and
administrators. The information obtained from
educators will indicate the degree to which the
curriculum is being implemented, the strengths
and weaknesses of the curriculum, and the
problems encountered in teaching it. The
information from students will indicate how well
they are achieving the intended objectives and will
provide indications about their attitudes toward
the curriculum. Student information will be
gathered through the use of a variety of strategies
including paper-and-pencil tests (objective and
open-response), performance (hands on) tests,
interviews, surveys, and observation.

As part of the evaluation phase, assessment
information will be interpreted by representatives
of all major education partners including the
Curriculum and Evaluation Divisions of
Saskatchewan Education and classroom teachers.
The information collected during the assessment
phase will be examined, and recommendations,
generated by an interpretation panel, will address
areas in which improvements can be made. These
recommendations will be forwarded to the
appropriate groups such as the Curriculum and
Instruction Division, school divisions and schools,
universities, and educational organizations in the
province.

All provincial curricula will be included within the
scope of curriculum evaluation. Evaluations will
be conducted during the implementation phase for
new curricula, and regularly on a rotating basis
thereafter. Curriculum evaluation is described in
greater detail in the document Curriculum
Evaluation in Saskatchewan (Saskatchewan
Education, 1991).
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Program Organization
Facilities

Adequate facilities and materials, by themselves,
do not create a safe chemistry class. But they
contribute greatly to the ability of a teacher to
deliver an activity-based course. Proper use of the
facilities and materials is also critical.

Since the use of a wide range of instructional
methods in Chemistry 20/30 is desirable, more
flexible teaching areas are useful. This might be a
well designed laboratory which can be reconfigured
to accommodate small group discussions, small
group and large group laboratory activities,
lectures, research work or other activities. Or, it
may be a combination of two or more existing
rooms.

Some features of a good science laboratory/facility
are:

I two exits, remote from each other

I master shut-off controls for the water, natural
gas, and electrical systems. These should be
easily accessible and easy to operate

a spacious activity area where students can
work without being crowded or jostled

safety equipment which is visible and accessible
to all

a ventilation system which maintains negative
pressure in the lab

enough electrical outlets to make the use of
extension cords unnecessary. The plugs should
be on a ground fault interruptor system or
individually protected

emergency lighting

separate, locked storage rooms and preparation
rooms to which students' access is restricted
with approved storage areas for all classes of
chemicals in the school. See the
recommendations on page 76 of Science Safety
Manual.

adequate shelving so that materials do not have
to be stacked, unless it is appropriate to store
them that way

an audiovisual storage area for charts, video and
audio tapes, slides, and journals

a storage area for student assignments

Safety

The Workplace Hazardous Materials Information
System (WHMIS) regulations under the
Hazardous Products Act govern storage and
handling practices of chemicals in school
laboratories. All school divisions should be
complying with the provisions of the Act. Under
WHMIS regulations, all employees involved in
handling hazardous substances must receive
training by their employer. If you have not been
informed about or trained in this program, contact
your director immediately. For more information,
contact the Canadian Centre for Occupational
Health and Safety, or Saskatchewan Human
Resources, Labour and Employment.

Safety can not be mandated by rule of law, or by
teacher command or by school regulation. Safe
practice in the laboratory is the joint
responsibility of the teacher and student. The
teacher's responsibility is to provide a safe
environment and to make the students aware of
safe practice. The student's responsibility is to act
intelligently based on the advice which is given and
which is available.

Each school should have a copy of Science
Safety Manual. Refer to Science: A
Bibliography for the Secondary Level )
Biology, Chemistry, Physics for information
about ordering that resource and those listed
below.

Other sources of information about safety in the
chemistry classroom are:

Safety in the Secondary Science Classroom. (1978).
National Science Teachers Association, 1742
Connecticut Avenue North West, Washington, D.C.
20009.

Prudent Practices for Handling Hazardous
Chemicals in Laboratories. (1981). Washington,
DC: National Academy Press.

A Guide to Laboratory Safety and Chemical
Management in School Science Study Activities.
(1987). Saskatchewan Environment and Public
Safety, Regina. (A copy was sent to all schools in
1987.)
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Hazardous Waste

The following are some general rules to help
determine if the chemical waste being produced in
your lab is hazardous. They are taken from an
uncopyrighted newsletter distributed by the
Chemical Health and Safety Committee of the
Chemical Society of Washington, DC. Hazardous
materials include:

I any solvent or solvent solution with a flashpoint
of 60°C or less

halogenated solvents (e.g. chloroform,
hexachlorophene)

oxidizers

liquid with a pH of <2 or >12.5

compounds containing sulfides or cyanides
pesticides

compounds or solutions containing heavy metals
or heavy metal ions such as lead, chromium,
cadmium, mercury and silver

highly toxic chemicals (e.g. formaldehyde,
colchicine)

A good rule is "When in doubt, don't throw it out!"
If you have hazardous waste, store it in a secure
place and get advice on what to do with it.

Disposing of Chemicals

A Guide to Laboratory Safety and Chemical
Management in School Science Study Activities
(Saskatchewan Environment, 1987) groups
chemicals by disposal category. References to
disposal categories in the following paragraphs are
taken from that guide. See the Bibliography for
ordering information.

I Chemicals in disposal categories 3 to 16 can be
treated as hazardous waste unless they are
chemically altered to fit into categories 1 or 2.
The disposal of liquid or aqueous wastes
containing substances from categories 1 and 2
should involve dilution before pouring them
down the drain, then running tap water down
the drain to further dilute their strength.

Solid wastes from disposal categories 1 and 2
should be rinsed thoroughly with water. Then
they should be disposed of in a specially marked
waste container ) not the general class waste
basket. The janitor should be alerted to the
existence of this container and be assured that
none of the materials are hazardous.

Wastes containing materials from disposal
categories 3-16 should be stored securely on site
until arrangements are made for appropriate
disposal. Set aside some space which is used

only for storage of waste chemicals.

Using microscale activities can greatly

diminish the amount of chemicals which

need disposal.

I Caution should be exercised when disposing of
chemicals.

Spi Il Mix (for most types of spills)

Note: For mercury spills use commercial kits. Any
use of mercury or compounds which contain
mercury should be discontinued.

1 1 part soda ash (anhydrous Na,CO,)
1 1 part clay cat litter
1 1 part dry sand

Mix equal volumes of each of these components
thoroughly. Store it in plastic pails which have lids
that seal. Ice cream pails or large white plastic lard
or shortening pails are possibilities. Scoop or pour
onto spill and allow to sit for a short time. Store the
used mix in a sealed container. Dispose of the used
mix in a manner that is appropriate to the type of
chemical spilled. If the mix was used on an
inorganic acid, it may be disposed of in an ordinary
landfill. If it was used on an organic solvent, it
should be disposed of in the same way the pure
solvent would be.

Laboratory Practice

Safety in the classroom is of paramount
importance. Other components of education )
resources, teaching strategies, facilities ) attain
their maximum utility only in a safe classroom.
Safety is no longer simply a matter of common
sense. To create a safe classroom requires
that a teacher be informed, be aware, and be
proactive and that the students listen, think
and respond appropriately.

Safety sessions are often offered at science
teachers' conventions. Many articles in science
teachers' journals provide helpful hints on safety.
Professional exchange may provide teachers with
an outside viewpoint on safety.

Encourage students to become aware that they
must accept a large measure of the responsibility
for their own safety. They can only do this if they
are properly educated about what is safe. Once this
education has begun, encourage the students to
think about their actions. Such encouragement
may take the form of safety-related questions on
exams, preparing an outline of safety precautions
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in a laboratory activity as part of the prelab
preparation for the activity, using a safety contract
signed by the student, parent(s) and teacher, and
the modelling of safe practice in the laboratory. A
sample safety contract is found on page 171 of the
Science Safety Manual.

Awareness is not something that can be learned as
much as it is developed through a visible safety
emphasis: safety equipment such as a fire
extinguisher, a fire blanket, and an eye wash
station prominently displayed; safety posters on
the wall; a "safety class" with students at the start
of the year; and regular emphasis on safety
precautions while preparing students for activities.

Proaction is accomplished by acting on what is
known and on what one is aware of. Six basic
principles guide the creation and
maintenance of a safe classroom.

Model safe procedures at all times.

Instruct students about safe procedures at every
opportunity. Stress that they should remember
to use safe procedures when experimenting at
home.

Close supervision of students at all times during
activities, along with good organization, can
avert situations where accidents and incidents
can occur. Inappropriate behaviours in a
classroom, and more particularly in a
laboratory, can result in physical danger to all
present and destroy the learning atmosphere for
the class.

Be aware of any health or allergy problems that
students may have.

I Display commercial, teacher-made, or
student-made safety posters.

I Take a first aid course. If an injury is beyond
your level of competence to treat, wait until
medical help arrives.

James A. Kaufman, a chemistry professor at Curry
College in Milton, MA and editor of the newsletter
Speaking of Safety, lists three important principles
for laboratory health and safety:

I Be Aware. Know the hazards before you do the
experiment.

Be Prepared. Answer the questions:

-What are the worst things that can go wrong?
-What must I do to be ready for these things?

Be Protected. Make health and safety an
integral part of your activity.

From the newsletter of the Chemical Health and
Safety Committee of the Chemical Society of
Washington, DC come some examples of safety-
related errors of omission and commission
discovered during a survey and inspection of high
school laboratories in the Washington area. The
terminology has been adapted for Canadian
situation.

I eye or face protection not continuously worn
where circumstances dictate it should be

eye or face protection which does not meet CSA
standards

loose clothing, long unrestricted hair or dangling
jewellery worn

labels and Material Safety Data Sheets (MSDS)
not in accordance with WHMIS regulations
storage of chemicals not conforming to WHMIS
standards

poor housekeeping with cluttered table tops and
glassware in sinks

From the Speaking of Safety newsletter are some
ideas for making your classroom a safer place.

I One teacher carries a double copy sales slip pad
in her lab coat. When she sees a student
violating a safety rule, she gives that student a
citation. The citations count as points against the
student's “lab license'. When a particular level of
points have been accumulated the student loses
the right to be in the lab. (The points
accumulated could also be tied to the lab mark )
inversely related of course!)

A high school teacher has every student once in
a term do a critique of another student's work.
(The criteria for the critique could be given to
the students, or the class as a whole could
develop the criteria. The critique may focus only
on safety or it may cover other aspects of work.)
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Another teacher offers a bonus point to everyone
in the class if no one needs to be reminded to
wear safety goggles. If one person needs
reminding, no one gets the bonus point.

To compile a complete list of safety tips is
impossible. To compile a comprehensive list would
be to duplicate the materials which have been
referenced previously. What follows is a
'highlights’ list. This list does not diminish the
responsibility of each teacher to be
functioning at the highest level with respect
to creating a safe classroom climate.

Check your classroom for hazards on a regular
basis.

Create a bulletin board display with a safety
theme.

Make a rule that all accidents must be reported
to the teacher.

In case of a serious accident, pick one person
who is present and send that person for expert,
professional, or additional help. Then, take
action. Remember, you are in charge of the
situation.

Become familiar with the school division's
accident policy.

Do not give medical advice.

Move an injured person as little as possible until
the injury assessment is complete.

Emphasize that extra caution is needed when
using open flames in the classroom.

Require the use of goggles when using open
flames, corrosive chemicals or other identifiable
hazards.

In case of fire, your first responsibility is to get
students out of the area. Send a specific
person to give an appropriate alarm. Then
assess the situation and act.

Avoid overloading shelves and window sills.
Properly label, according to WHMIS standards,
all containers of solids, liquids, and solutions.
Separate broken glass from other waste.
Advise students not to touch, taste, or smell
chemicals unless instructed to do so.

Each laboratory should have one first aid kit
which is not accessible to students, but is only
for the teacher's or administrator's use.

Master shut-off controls for gas, electricity, and
water should be tested periodically to ensure
that they are operable.

Safety equipment such as fire extinguishers, fire
blankets, eye wash stations, goggles, fume
hoods, test tube spurt caps, and explosion
shields must be kept in good order and checked
regularly.

Electrical cords must be kept in good condition,
and removed from outlets by grasping the plug.

Students should use safety equipment )
protective eye wear, protective aprons or coats,
fume hoods, etc. ) whenever practical and
necessary.

Students should tie back long hair and refrain
from wearing loose and floppy clothing in the
laboratory.

Students should not taste any materials, eat,
drink, or chew gum in a laboratory.

Students should follow recommended procedures
and check with teachers before deviating from
such procedures.

Students should be required to return laboratory
equipment to its proper place.

Chemicals or solutions should never be returned
to stock bottles.

Pipetting should be done only with a safety bulb,
never by mouth.

If, for any reason, substitutions are made for
chemicals in activities, it is the responsibility of
the teacher to research the toxicity and potential
hazards of these substituted materials.

Be aware that mixing acids or oxidizers with
compounds containing chlorine (e.g., bleach) can
generate chlorine gas.

Mercury thermometers should be replaced with
alcohol thermometers.

Asbestos centred wire mats should be replaced
with plain wire mats or with ceramic centred
mats.

Chemicals should be stored in a locked area, to
which access is restricted.

Be prepared to handle all chemical spills rapidly
and effectively.

Inspect glassware (e.g., beakers, flasks) for
cracks and chips before using them to heat
liquids or hold concentrated corrosive liquids or
solutions.

Chemical storage should be organized by groups
of compatible compounds, rather than by
alphabetical order. (Within a group of
compatible compounds, alphabetizing can be
used.)

Electrical equipment (e.g., transformers,
induction coils, electrostatic generators,
oscilloscopes, discharge tubes, Crookes tubes,
magnetic effects tubes, lasers, fluorescent effects
tubes and ultraviolet light sources) must be kept
in locked storage.

Discharge tubes can produce x-rays which may
penetrate the glass of the tube if operating
voltages higher than 10 000 volts are used.
Lasers are capable of causing eye damage. The
lens of the eye may increase the intensity of light
by 1 000 000 times at the retina compared to the
pupil. To reduce risk, lasers rated at a
maximum power of 0.5 mW should be used.
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- Lasers should be used in normal light
conditions so pupils are not dilated.

- Everyone should stay clear of the primary and
reflected paths.

- Everyone should be alert to unintended
reflections.

Contact Lenses

Contact lenses complicate eye safety. Dust and
chemicals may become trapped behind a lens.
Gases and vapours may cause excessive watering
of the eyes and enter the soft material of the lens.
Chemical splashes may be more injurious due to
the inability to remove the lens rapidly and
administer first aid. The loss or dislodging of a
contact lens may cause a safety problem if it
happens at a crucial moment.

On the other hand, contacts, in combination with
safety eye wear, are as safe as eyeglasses in most
cases. Contacts may prevent some irritants from
reaching the cornea, thus giving the eye some
measure of protection. The Saskatchewan
Association of Optometrists feels that, as long as
proper, vented safety goggles are worn, there is no
greater risk in a lab situation for a person wearing
contacts than for one not wearing contacts. The
Association recommends that:

I teachers know which students wear contact
lenses

teachers know how to remove contact lenses
from students' eyes should the need occur

there be access to adequate areas for the
removal and maintenance of contact lenses
contact lens wearers have a pair of eye glasses to
use in case the contact lenses must be removed.

A Broader Look at Safety

Normally, safety is understood to be concerned
with the physical safety and welfare of persons,
and to a lesser degree with personal property. The
definition of safety can also be extended to a
consideration of the well-being of the biosphere.
The components of the biosphere ) plants, animals,
earth, air and water ) deserve the care and concern
which we can offer. From knowing what wild
flowers can be picked to considering the disposal of
toxic wastes from chemistry laboratories, the safety
of our world and our future depends on our actions
and teaching in science classes.

Measurement

An understanding of the importance of
measurement in science is critical for each student
to acquire. The importance of measurement can be
seen when it is viewed as one component of the
Common Essential Learning of Numeracy. There
is an implicit assumption in science, and in society,
that quantitative statements are more
authoritative than are qualitative statements. Yet,
many important advances in science are made
through intuition and through creative leaps.
Advances in science are not restricted to data
analysis. Students must see that measurement is
important, but important in its context.

To make gquantitative statements, measurements
must be made. The accuracy of the measurements
determines the confidence placed in the facts which
are derived from the measurements. If the facts
are represented as being accurate, the measure-
ments must be equally accurate. But accuracy is
not the only factor to consider when measurement
is discussed.

The ability to make measurements depends on the
technology available. A metre stick can be used to
measure the length of a table. What technology is
available to measure the diameter of an atom?
Such measurements require a greater degree of
faith in the technology. At the furthest reaches of
scientific inquiry, technology must be devised so
that the results of exotic experiments can be
detected, measured, and interpreted. What is
measured depends upon the assumptions made in
the design, and on the limitations of the
technology.

The ability to make measurements depends on the
correct use of the technology. Proper procedures
must be followed, even with the use of simple
devices such as thermometers, if measurements
which accurately represent the system under
observation are to be made. In addition to proper
procedures, the measurement devices must be used
appropriately. Even though a thermometer has a
ruled scale, to measure the length of a pencil in
degrees Celsius is not a useful way to represent
length.

There must be as little interaction as possible
between the technology, or application of it, and
the object being measured. If the device used to
measure the temperature of a system changes the
temperature of that system by a significant
amount, how useful is the measurement?
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Heisenberg faced a similar problem in attempting
to determine the momentum and the position of the
electron in the atom. Precision in determining one
results in less information about the other.

Before the matter of accuracy is addressed, the
student must have an understanding of what
technology is available, its appropriateness for the
situation, the proper use of that technology, and
the limits which are inherent in the technology.
Once that is understood, the student can then
manipulate the technology to give the most
accurate and precise results.

One aspect of accuracy pertains to the matter of
uncertainty in measurement. The percentage error
in a measurement, or the absolute error, is a
concept which students must deal with. No
measuring instrument has zero margin of error.

No operator is capable of using an instrument so
that no measurement error is introduced.
Measurement error exists and must be accounted
for in recording and interpreting data. A
particular balance may have an uncertainty of
measurement of 0.01 g, for example, if the balance
is levelled, properly adjusted, and working well.
This balance has a suitable accuracy for measuring
a mass of 142.87 g but not for measuring a mass of
0.03 g. Calculate the percentage error in each case
and the point is clear. However, the 0.007%
measuring error for the 142.87 g mass which is due
to the balance may be made entirely insignificant
by operator errors such as having the balance pan
on the wrong hook, misreading the scale, not
zeroing the balance before starting, stopping the
oscillation of the beam with a finger, using a wet or
dirty pan, and so on. Accuracy requires both good
technology and good technique.

Another concern is that of significant figures.
Measuring instruments can only supply a limited
degree of accuracy. The problem most often
encountered with students is to have them make
use of the maximum precision possible, without
having them overstate their case. If seven
identical marbles have a total mass of 4.23 g, the
average mass of a marble is not 0.604 285 714 g. A
more reasonable report would express the average
mass rounded off to two decimal places.

Many texts have sections dealing with the
reporting of uncertainty in measurement and
significant figures. Each teacher of
chemistry should find an approach that is
comfortable for both the teacher and the
students and then adopt and emphasize that
approach.

Data analysis is an important related topic. Often,
in order to make sense of measurements, data must
be organized and interpreted. Students must learn
to organize their data collection and recording so
that it is ready for analysis. Graphical analysis is
often useful and should be stressed. The use of
computer software is also an option for recording
and analysis. Databases can be used to store and
then manipulate large amounts of data.
Spreadsheets are also useful for organizing data.
Many database and spreadsheet programs, as well
as integrated software packages, contain graphing
utilities and may contain statistical analysis
options. Graphing and statistical analysis
packages may also be purchased as stand-alone
software. The use of computer analysis should be
encouraged wherever possible.

In addition to the use of computer analysis,
hardware interfaces to allow the input of data
through sensors, which the software then
interprets as measurements, are a valuable
addition to a science lab. It should be emphasized
that the use of a computer does not mean that the
results will be error free. Accuracy is mainly a
function of the technician and, to a lesser degree, of
the technology.

Measurements should be expressed using Sl units,
or Sl acceptable units, whenever this is realistic or
feasible to do so. Common non-metric units may be
used if necessary. Conversion factors from non-Si
to Sl or within the non-Sl units may be necessary.
Each teacher should follow the recommendations of
the Canadian Metric Commission with respect to
the basic and derived units of measurement and
the proper symbols for those units.

If detailed information is required, refer to the
Canadian Metric Practice Guide (CAN3-Z2234.1-79
from the Canadian Standards Association, 178
Rexdale Boulevard, Rexdale, Ontario M9W 1R3),
the International System of Units (SI)
(CAN3-7234.2-76 from the CSA) or the SI Metric
Guide for Science (Saskatchewan Education, 1978).

Scientific notation should be used so that students
become familiar with reading, manipulating, and
writing numbers in that format. In addition to the
value of Sl-notation for ease in handling very large
or very small numbers, students must be able to
use this notation to express the number of
significant figures in a large number, and to
perform calculations using scientific notation.
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Organizing a Field Trip

Field trips can and should be valuable learning
experiences which allow students to apply their
classroom learnings to an actual or "real” situation.
Field trips also allow students the opportunity to
learn directly rather than indirectly. Learning is
enhanced through direct experience. Field trips
are fun for everyone involved! Use Out to Learn.

The key to successful field trip experiences is
careful and thorough planning. This planning
takes time and patience. Make sure to check to see
if the school division has any special policies re-
garding field trips.

The simplest approach when planning a field trip is
to treat the experience like the writing of a
newspaper article, using the five Ws.

Why do you want to take your class on this

particular trip?

I Is this mainly a science activity or does it
integrate activities in other subjects as well?

I Are the planned activities valid learning
experiences?

What learnings do you expect your students to
gain from and apply to this experience?

I Have objectives for the field trip been
established?

Have appropriate activities and instructional
approaches been selected?

Have you and your students done your
background research?

Are expectations about student behaviour on the
trip clear and realistic?

Where do you plan on going with your class?

I Is it accessible to all students?

I Is permission of landowners or officials required
in order to visit this site?

I Does the site have facilities such as bathrooms,

lunch areas, shelters, appropriate emergency

facilities, etc.?

Is it possible for you to visit the site beforehand?

Are locations established at which various

activities will occur?

When do you plan on taking this field trip?

1 Is there adequate time to plan the trip?

I Will relevant information be provided to
students before the field trip?

Is there adequate time after the field trip to do a
wrap-up?

Are there any potential conflicts with the
selected date?

Does the selected date indicate the need for
special clothing or supplies?

Is there a contingency plan in case of bad
weather?

Has parental consent been obtained?

How are you going to get to the site?

I Will transportation be required?

1 Is appropriate transportation available and
affordable?

I Can the students be learning during the trip to
the site?

How long will this particular trip be?

Can time be used efficiently and effectively?
Is there too much to do and too little time?
How does the field trip affect the rest of the
school?

I Will someone else have to do additional
supervision duties?

Will others have to change their planned
activities?

Will a substitute teacher be required?

Who is coming with you on the field trip?

I Are there sufficient supervisors for the number
of students involved?

Have the people in your community been utilized
for their expertise?

Has the class been divided into working groups?
Have leaders responsible for coordinating the
groups' activities been selected for the working
groups?

Although this may seem like a great deal of work,
planning should be done before embarking on a
field trip. The more concrete and detailed the
planning is, the more likely it is that the trip will
be a success.

Once the groundwork has been set and
administrative approval has been obtained,
approach the parents and the students about the
trip. Itis advisable to send a letter home to the
parents which details the proposed field trip.
Include information on such things as the times of
departure and return, the location of the field trip,
the people responsible for supervision, clothing
requirements, lunch plans, required materials,
anticipated costs, and contingency plans. This
letter could also include a request for parental help
and a separate permission slip to be returned to the
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teacher. It is a good idea to have the letter signed an example of one that could be used. Note that

by both the teacher and the principal before the use of a consent form does not remove the

sending it to parents. teacher or the school division from the possibility of
incurring liability during the trip.

The parental consent form which follows serves as

Sample Permission Form for Field Trips

Date:

Dear Parent/Guardian:

As a part of the chemistry program, we will be going on a field trip to . This field trip will

provide your daughter/son with the opportunity to experience the following: (provide a brief list of the
activities you have planned).

An itinerary and a schedule of our proposed activities during the field trip is included for your information.
Please review this material and contact the school if you have any questions about our plans.

Your daughter/son should bring the following supplies on the field trip: (list any special needs).

If she/he has any special physical or medical problems (e.g., allergies), please bring this to our attention.
Contact the school if you feel that these problems may interfere with your daughter/son 's participation in
this activity.

We would like you to come along on this exciting learning experience. We encourage you to sign up as a
volunteer. Thank you for your cooperation.

Teacher Principal

Consent Form
I will be able to take part in this field trip as volunteer.
Yes No

Comments:

I permit to take part in the field trip described above. | have notified the school of any
physical or medical problems which might interfere with my daughter/son's participation in this activity.

Date:

Signature:
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Aids for Planning

Scope and Sequence of the Factors Forming the Dimensions of
Scientific Literacy:
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Explanations of the Factors in the

Dimensions of Scientific Literacy

A. Nature of Science

The scientifically literate person understands
the nature of science and scientific
knowledge.

Science is both public and private. Science
experiences should introduce students to the
private and intuitive aspects of scientific
inquiry and discovery as well as to the more
formal public aspects of science.

The nature of scientific knowledge is such that it is:

Al public/private D(K-12)
Science is based on evidence, developed privately
by individuals or groups, that is shared publicly
with others. This provides other individuals with
the opportunity to attempt to establish the validity
and reliability of the evidence.

Examples:

After scientists have gathered and organized
evidence for their ideas, they publish the evidence
and the methods by which it was obtained, so that
other scientists may test the validity and reliability
of the evidence.

When Pons and Fleischman withheld some of the
evidence and procedures for their cold-fusion
discovery in order to protect their claims for patent,
the principle of public disclosure was violated.

A2 historic D(K-12)
Past scientific knowledge should be viewed in its

historical context and not be degraded on the basis
of present knowledge.

Examples:

Each refinement of the model of the atom by
Thompson, Rutherford, Bohr, and the quantum
theorists has relied on the previous work of others.

Selective breeding of corn by the Indian peoples of
North America produced a high quality food plant.

A3 holistic D(K-12)
All branches of science are interrelated.

Example:

The structure of molecules is a topic of interest for
physicists, chemists, and biologists.

A4 replicable P(K-2), D(3-12) *
Science is based on evidence which could be
obtained by other people working in a different

place and at a different time under similar
conditions.

Examples:

Any procedure which is repeated should give
similar results.

A group of students all perform the same
experiment and discover similarities in their
results.

A5 empirical P(K-2), D(3-12)

Scientific knowledge is based on experimentation
or observation.

Examples:

The gravitational field strength of the Earth can be
determined in the laboratory.

Scientific theories must always be tested
experimentally.

“ The code P(K-2) means that preparation for development of this factor is to take place from kindergarten
until grade 2. Development, coded D(3-12), takes place from grades 3 to 12. Preparation involves such
things as the teacher using the term or its concepts and the students being exposed to phenomena which
illustrate or involve the factor. Development occurs when the student are encouraged to use the term or its

concepts correctly.
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A6 probabilistic P(2-8), D(9-12)
Science does not make absolute predictions or
explanations.

Examples:

An electron orbital is a region in space where there
is the greatest likelihood of finding an electron.

A weather forecaster predicts a 20% chance of
precipitation tomorrow.
A7 unique P(3-7), D(8-12)
The nature of scientific knowledge and the

procedures for generating new scientific knowledge

are unique and different from those in other fields
of knowledge such as philosophy.

Examples:

Compare the methods used for weather forecasting
by meteorologists and those used by the people
producing the forecasts for the Farmer's Almanac.

Compare Galileo's experimental approach to
investigating the rate at which heavy and light
objects fall and Aristotle's approach, based on
reason alone.

A8 tentative P(6), D(7-12)
Scientific knowledge is subject to change. It does
not claim to be truth in an absolute and final sense.

This does not lessen the value of knowledge for the
scientifically literate person.

Example:

As new data become available, theories are
modified to encompass the new and the old data.
Our understanding of atomic structure has
changed considerably for this reason.

A9 human/culture related
P(6-9), D(10-12)

Scientific knowledge is a product of humankind. It
involves creative imagination. The knowledge is
shaped by and from concepts that are a product of
culture.

Examples:

Vertebrates, and specifically humans, are regarded
as being at the pinnacle of evolution by some
people.

The use of biotechnology has resulted in changes in
rapeseed to remove erucic acid. This has led to the

development of improved varieties of canola oil for
human consumption.

B. Key Science Concepts

The scientifically literate person understands
and accurately applies appropriate science
concepts, principles, laws, and theories in
interacting with society and the
environment.

Among the key concepts of science are:
B1 change D(K-12)

It is the process of becoming different. It may
involve several stages.

Examples:

An organism develops from an egg, matures, and
eventually dies.

Stars use up their fuel and thus undergo change.
B2 interaction D(K-12)

This happens when two or more things influence or
affect each other.

Example:

Within an ecosystem some animals have to compete
for available food and space.
B3 orderliness D(K-12)

This is a regular sequence which either exists in
nature or is imposed through classification.

Examples:
Crystal structures can be identified by diffraction

techniques because of the regular arrangement of
their atoms.
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B4 organism D(K-12)

An organism is a living thing or something that
was once alive.

Examples:

Whether or not a virus is a living organism is an
interesting topic for scientific scrutiny.

Fossils found in sedimentary rock provide evidence
of organisms which became extinct a long time ago.
B5 perception D(K-12)

Perception is the interpretation of sensory input by
the brain.

Example:

Jet lag may impair the judgement of pilots during
landing and takeoff.
B6 symmetry D(K-12)

This is a repetition of a pattern within some larger
structure.

Example:

Some molecular structures and living organisms
exhibit properties of symmetry.

B7 force P(K-1), D(2-12)
It is a push or a pull.

Example:

The weight of an object decreases at higher
altitudes.
B8 quantification P(K-1), D(2-12)

Numbers can be used to convey important
information.

Example:
The gravitational force of attraction between two

objects can be calculated by using Newton's Law of
Universal Gravitation.

B9 reproducibility of results
P(K-2), D(3-12)

Repetition of a procedure should produce the same
results if all other conditions are identical. Itis a
necessary characteristic of scientific experiments.

Example:

Heating a pure sample of paradichlorobenzene
should cause it to melt at about 50 °C

B10 cause-effect P(K-2), D(3-12)
It is a relationship of events that substantiates the
belief that natural phenomena do not occur
randomly. It enables predictions to be made. The

advent of chaos theory has caused some rethinking
of this principle.

Examples:

The acceleration of a cart depends on the
unbalanced force acting upon the cart.

Every event has a cause. It does not happen by
itself.

B11l predictability P(K-3), D(4-12)
Patterns can be identified in nature. From those
patterns inferences can be made.

Example:

When sodium metal reacts with water, the
resulting solution turns red litmus paper blue.
B12 conservation P(K-4), D(5-12)
An understanding of the finite nature of the
world's resources, and an understanding of the
necessity to treat those resources with prudence

and economy, are underlying principles of
conservation.

Examples:

Insulating a home may reduce the amount of
energy needed to heat it in the winter.

Smaller, more efficient internal combustion
engines can be designed to use less fuel.
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B13 energy-matter P(1-2), D(3-12)

It is the interchangeable and dependent
relationship between energy and matter.

Example:

When a candle burns, some of the energy stored in
the wax is released as heat and light.

B14 cycle P(1-2), D(3-12)
Certain events or conditions are repeated.

Examples:

The water cycle, nitrogen cycle, and equilibrium all
serve as examples of cycles.

Change occurring in cycles or patterns is one of the
twelve principles of Indian philosophy.

B15 model P(1-2), D(3-12)
It is a representation of a real structure, event, or
class of events intended to facilitate a better
understanding of abstract concepts or to allow
scaling to a manageable size.

Example:

Watson and Crick developed a model of the DNA
molecule which allowed people to gain a better
understanding of genetics.
B16 system P(1-2), D(3-12)
A set of interrelated parts forms a system.
Example:

Chemical equilibrium can be established only in a
closed system.
B17 field P(1-2), D(3-12)

A field is a region of space which is influenced by
some agent.

Examples:

Similarly charged objects have a tendency to repel
one another when they are in close proximity.

The sun is the source of a gravitational field which
fills space. The Earth's motion is affected by the
influence of this field.

B18 population P(3), D(4-12)
A population is a group of organisms that share
common characteristics.

Example:

Wildlife biologists monitor white tail deer to
determine the number of permits for hunting that
will be issued in a particular zone.
B19 probability P(3-8), D(9-12)
Probability is the relative degree of certainty that
can be assigned to certain events happening in a

specified time interval or within a sequence of
events.

Example:

The probability of getting some types of cancer
increases with prolonged exposure to large doses of
radiation.
B20 theory P(3-9), D(10-12)
A theory is a connected and internally consistent
group of statements, equations, models, or a
combination of these, which serves to explain a

relatively large and diverse group of things and
events.

Example:

As new experimental evidence becomes available,
atomic theory undergoes further change and
refinement.

B21 accuracy P(5-8), D(9-12)
Accuracy involves a recognition that there is

uncertainty in measurement. It also involves the
correct use of significant figures.

Example:
A stopwatch which measures to the nearest 1/10th

of a second would be an inappropriate instrument
for determining the duration of a spark discharge.
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B22 fundamental entities
P(6), D(7-12)

They are units of structure or function which are
useful in explaining certain phenomena.

Examples:
The cell is the basic unit of organic structure.

The atom is the basic unit of molecular structure.
B23 invariance

P(6), D(7-12)

This is a characteristic which stays constant even
though other things may change.

Example:
Mass is conserved in a chemical reaction.

B24 scale P(6), D(7-12)
Scale involves a change in dimensions. This may
affect other characteristics of a system.

Example:

A paper airplane made from a sheet of notebook
paper may fly differently than a plane of identical
design made from a poster-sized sheet of the same
paper.

B25 time-space P(6-7), D(8-12)
It is a mathematical framework in which it is
convenient to describe objects and events.

Examples:

An average human being has an extension in one
direction of approximately 1 3/4 metres and in
another direction of about 70 years.

According to general relativity, gravity is not a
force, but a property of space itself. Itisa
curvature in time-space caused by the presence of
an object.

B26 evolution P(6-8), D(9-12)
Evolution is a series of changes that can be used to
explain how something got to be the way it is or

what it might become in the future. It is generally
regarded as going from simple to complex.

Example:

Organic evolution is thought to progress in small,
incremental changes. Similarly, scientific theories
undergo change to accommodate new data as they
become available.
B27 amplification P(8), D(9-12)
Amplification is an increase in magnitude of some
detectable phenomenon.

Example:

A loudspeaker produces an amplification of sound.
B28 equilibrium P(9), D(10-12)
Equilibrium is the state in which there is no
change on the macroscopic level and no net forces
on the system.

Examples:

Chemical equilibrium exhibits no change on the
macroscopic level.

A first class lever in a condition of static

equilibrium remains at rest. The sum of all of the
moments of the forces acting is zero.
B29 gradient P(9), D(10-12)
A gradient is a description of a pattern or variation.

The description includes both the magnitude and
the direction of the change.

Examples:

Light intensity decreases in a predictable manner
as the distance from the light source increases.

On a mountain, the direction in which the change
of slope is smallest is the most desirable route to

build a railroad line.
B30 resonance P(9), D(10-12)

It is an action within one system which causes a
similar action within another system.

Examples:

A hollow wooden box can be used to amplify the
sound of a tuning fork.
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B31 significance P(9), D(10-12)
It is the belief that certain differences exceed those
that would be expected to be caused by chance
alone.

Example:

An analysis of Brahe's data led to the development
of Kepler's First Law.
B32 validation P(9), D(10-12)
Validation is a belief that similar relationships
obtained by two or more different methods reflect

an accurate representation of the situation being
investigated.

Example:

Carbon-14 dating can be used to check the
authenticity of archaeological artifacts.
B33 entropy P(9-10), D(11-12)
Entropy is the randomness, or disorder, in a

collection of things. It can never decrease in a
closed system.

Example:

When solid sodium chloride dissolves in water, its
particles are dispersed randomly.

C. Processes of Science

The scientifically literate person uses
processes of science in solving problems,
making decisions, and furthering
understanding of society and the
environment.

Complex or integrated processes include
those which are more basic. Intellectual
skills are acquired and practised throughout
life so that eventually some control over
these processes can facilitate learning.

This can provide information processing and
problem solving abilities that go beyond any
curriculum.

Process skills such as accessing and
processing information, applying knowledge
of scientific principles to the analysis of
issues, identifying value positions, and

reaching consensus are believed to include
the more basic processes of science.

The basic processes of science are:
C1 classifying D(K-12)

Classifying is a systematic procedure used to
impose order on collections of objects or events.

Example:

Grouping animals into their phyla or arranging the
elements into the periodic table are examples of
classifying.

C2 communicating D(K-12)
Communicating is any one of several procedures

for transmitting information from one person to
another.

Example:

Writing reports, or participating in discussions in
class are examples of communicating.
C3 observing and describing D(K-12)
This is the most basic process of science. The

senses are used to obtain information about the
environment.

Example:

During an investigation, a student writes a para-
graph recording the progress of a chemical reaction
between hot copper metal and sulphur vapour.

C4  working cooperatively D(K-12)
This involves an individual working productively
as a member of a team for the benefit of the team's
goals.

Example:

Students should share responsibilities in the
completion of an experiment.
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C5 measuring D(K-12)
An instrument is used to obtain a quantitative
value associated with some characteristic of an
object or an event.

Example:

The length of a metal bar can be determined to the
nearest millimetre with an appropriate measuring
device.

C6 questioning P(K-1), D(2-12)
It is the ability to raise problems or points for
investigation or discussion.

Example:

A student should be able to create directed ques-
tions about observed events. When migratory birds
are observed, questions such as, "Why do birds
flock to migrate?”, "Do some birds migrate singly?",
and "How do birds know where to go?" should
direct further inquiry.
C7 using numbers P(K-1), D(2-12)
This involves counting or measuring to express

ideas, observations, or relationships, often as a
complement to the use of words.

Example:

1 litre contains 1 000 millilitres.
C8 hypothesizing P(1-2), D(3-12)
Hypothesizing is stating a tentative generalization
which may be used to explain a relatively large
number of events. It is subject to immediate or
eventual testing by experiments.

Example:

Making predictions about the importance of

various components of a pendulum which may
influence its period is an example of hypothesizing.

C9 inferring P(1-2), D(3-12)
It is explaining an observation in terms of previous
experience.

Example:

After noticing that saline sloughs have a different
insect population than fresher sloughs, one might
infer that small changes in an environment can
affect populations.
C10 predicting P(1-2), D(3-12)
This involves determining future outcomes on the
basis of previous information.

Example:

Given the results of the hourly population counts
in a yeast culture over a 4 hour period, one could
attempt to predict the population after 5 hours.

C11 controlling variables

P(1-2), D(3-12)
Controlling variables is based on identifying and
managing the conditions that may influence a
situation or event.

Examples:

If all other factors which may be important in plant
growth are identified and made similar
(controlled), the effect of gibberellic acid can be
observed.

In order to test the effect of fertilizer on plant
growth, all other factors which may be important
in plant growth must be identified and controlled
so that the effect of the fertilizer can be
determined.

Cl12 interpreting data P(2), D(3-12)
This important process is based on finding a

pattern in a collection of data. It leads to a
generalization.

Example:

Concluding that the mass of the pendulum bob
does not affect the period of a pendulum might be
based on the similarity of periods of 100 g, 200 g,
and 300 g pendulums.
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C13 formulating models

P(2-6), D(7-12)
Models are used to represent an object, event, or
process.

Example:

Vector descriptions of how forces interact are
models.

C14 problem solving P(2-8), D(9-12)
Scientific knowledge is generated by, and used for,
asking questions concerning the natural world.
Quantitative methods are frequently employed.
Example:

A knowledge of genetics and the techniques of
recombinant DNA are used to create bacteria
which produce insulin.
C15 analyzing P(3-5), D(6-12)

It is examining scientific ideas and concepts to
determine their essence or meaning.

Examples:

Determining whether a hypothesis is tenable
requires analysis.

Determining which amino acid sequence produces
insulin requires analysis.

C16 designing experiments P(3-8), D(9-12)
Designing experiments involves planning a series
of data-gathering operations which will provide a
basis for testing a hypothesis or answering a
guestion.

Example:

Automobile manufacturers test seat belt
performance in crash tests.
C17 using mathematics P(6), D(7-12)

When using mathematics, numeric or spatial
relationships are expressed in abstract terms.

Example:

Projectile trajectories can be predicted using
mathematics.

C18 using time-space relationships
P(6-7), D(8-12)

These are the two criteria used to describe the
location of things or events.

Example:

Describe the migratory paths of the barren lands
caribou.

C19 consensus making P(6-8), D(9-12)
Consensus making is reaching an agreement when
a diversity of opinions exist.

Examples:

A discussion of the disposal of toxic waste, based on
research, gives a group of students the opportunity
to develop a position they will be using in a debate.

Scientists were initially divided regarding the cold
fusion debate. They held conferences but were still
unable to agree on this issue. Further
experimental results were needed.

C20 defining operationally P(7-9), D(10-12)
It is producing a definition of a thing or event by
giving a physical description or the results of a
given procedure.

Example:

An acid turns blue litmus paper red and tastes
sour.
C21 synthesizing P(9-10), D(11-12)

Synthesizing involves combining parts into a
complex whole.

Examples:

Polymers can be produced through the combination
of simpler monomers.

A student essay may involve the synthesis of a
wide variety of knowledge, skills, attitudes, and
processes.
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D. Science-Technology-Society-
Environment Interrelationships

The scientifically literate person understands
and appreciates the joint enterprises of
science and technology, their
interrelationships, and their impacts on
society and the environment.

Some of the factors involved in the
interrelationships among science, technology,
society, and the environment are:

D1 science and technology P(K-2), D(3-12)

There is a distinction between science and
technology, although they often overlap and
depend on each other. Science deals with
generating and ordering conceptual knowledge.
Technology deals with design and development,
and the application of scientific or technological
knowledge, often in response to social and human
needs.

Example:

The invention of the microscope led to new
discoveries about cells.

D2 scientists and technologists
are human P(1-6), D(7-12)

Outside of their specialized fields, scientists and
technologists may not exhibit strong development
of all or even most of the Dimensions of Scientific
Literacy. Vocations in science and technology are
open to most people.

Example:

By researching the biographies of famous scien-
tists, students can begin to appreciate the human
elements of science and technology.

D3 impact of science and
technology P(3-5), D(6-12)
Scientific and technological developments have real
and direct effects on every person's life. Some
effects are desirable; others are not. Some of the
desirable effects may have undesirable side effects.
In essence, there seems to be a trade-off principle
working in which gains are accompanied by losses.

Example:

As our society continues to increase its demands on
energy consumption and consumer goods, we are
likely to attain a higher standard of living while
allowing further deterioration of the environment
to occur.

D4 science, technology, and

the environment P(3-5), D(6-12)
Science and technology can be used to monitor
environmental quality. Society has the ability and
responsibility to educate and to regulate
environmental quality and the wise usage of
natural resources, to ensure quality of life for this
and succeeding generations.

Example:

Everyone should share in the responsibility of
conserving energy.

D5 public understanding gap P(3-8), D(9-12)
A considerable gap exists between scientific and
technological knowledge, and public understanding
of it. Constant effort is required by scientists,
technologists, and educators to minimize this gap.

Examples:

Some people mistakenly believe that irradiation
causes food to become radioactive.

Buttermilk is often mistakenly regarded as having
a high caloric content.

Folklore has it that the best time to plant potatoes
in the spring is during the full moon.

Many believe that technology is simply applied
science.

37



D6 resources for science
and technology P(3-8), D(9-12)

Science and technology require considerable

resources in the form of talent, time, and money.

Example:

Further advances in space exploration may require
the collective efforts of many nations working
together to find the necessary time, money and
resources.

D7 variable positions P(3-9), D(10-12)
Scientific thought and knowledge can be used to
support different positions. It is normal for
scientists and technologists to disagree among

themselves, even though they may invoke the same
scientific theories and data.

Examples:

The debate about the possibility of cold fusion
illustrated variable positions among scientists.

There is a debate about whether or not controlled
burning techniques should be used in national
parks.

D8 limitations of science

and technology P(6-8), D(9-12)
Science and technology can not guarantee a
solution to any specific problem. In fact, the
ultimate solution of any problem is usually
impossible, and a partial or temporary solution is
all that is ever possible. Solutions to problems can
not necessarily be legislated, bought, or guaranteed
by the allocation of resources. Some things are not
amenable to the approaches of science and
technology.

Example:

The solutions that technology now proposes for
nuclear waste storage often have significant
limitations and are, at best, only short-term
solutions until better ones can be found.

D9 social influence on science
and technology P(7-9), D(10-12)

The selection of problems investigated by scientific
and technological research is influenced by the
needs, interests, and financial support of society.

Example:

The race to put a person on the moon illustrates
how priorities can determine the extent to which
the study of particular scientific and technological
problems are sanctioned and thus allowed to be
investigated.

D10 technology controlled by

society P(9), D(10-12)
Although science requires freedom to inquire,
applications of scientific knowledge and of
technological products and practices are ultimately
determined by society. Scientists and technologists
have a responsibility to inform the public of the
possible consequences of such applications. A need
to search for consequences of scientific and
technological innovations exists.

Examples:

Einstein's famous letter to President Roosevelt,
warning about the possibility of developing nuclear
weapons, and his pacifist views, illustrate the
responsibility that scientists must have as
members of society.

Governments must make decisions regarding the
support and funding of important scientific
research.

D11 science, technology, and

other realms P(9), D(10-12)
Although there are distinctive characteristics of the
knowledge and processes that characterize science
and technology, there are many connections to, and
overlaps with, other realms of human knowledge
and understanding.

Example:

The Uncertainty Principle in science, the
Verstehen Principle in anthropology, and the
Hawthorne Effect in social psychology all express
similar types of ideas within the realm of their own
disciplines.
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E. Scientific and Technical Skills

The scientifically literate person has
developed numerous manipulative skills
associated with science and technology.

The list of skills that follows represents
manipulative skills important to the achievement
of scientific literacy:

El using magnifying instruments
D(K-12)

Some magnifying instruments include the magnify-
ing lens, microscope, telescope, and overhead
projector.

Examples:

Fine dissections of earthworms are done with the
aid of stereoscopic microscopes.

E2 using natural environments D(K-12)
The student uses natural environments effectively
and in appropriately sensitive ways (e.g.,

collecting, examining, and reintroducing
specimens).

Example:

Students can do a study of the margin of a pond by
observing and describing a particular section at
two week intervals for three months. After they
collect and examine specimens, they should
reintroduce them to their natural environment.

E3  using equipment safely D(K-12)
The student demonstrates safe use of equipment in
the laboratory, in the classroom, and in everyday
experiences.

Example:

A student recognizes a situation where goggles
should be worn, and puts them on before being
instructed to wear them.

E4  using audiovisual aids D(K-12)
The student independently uses audiovisual aids

in communicating information. (Audiovisual aids
include such things as: drawings, photographs,
collages, televisions, radios, video cassette
recorders, overhead projectors.)

Examples:

A student shows the teacher how to operate the
VCR.

A student uses a camera to record natural
phenomena.

E5 computer interaction D(K-12)
The student uses the computer as an analytical

tool, a tool to increase productivity, and as an
extension of the human mind.

Examples:

Using photocells connected to the proper interface,
the computer can be used as a timing device.

Logging on to an information service gives students
an opportunity to perform a keyword search of a
chemical database.

Computer software can be used to simulate a
natural event or process which may be too
dangerous or impractical to perform in the
laboratory.
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E6 measuring distance P(K-1), D(2-12)
The student accurately measures distance with
appropriate instruments or techniques such as
rulers, metre sticks, trundle wheels, or
rangefinders.

Examples:

The length and width of a room can be determined
using a metre stick.

Large distances can be determined using parallax
or triangulation methods.

E7 manipulative ability P(K-2), D(3-12)
The student demonstrates an ability to handle
objects with skill and dexterity.

Example:

A student uses a graduated cylinder to measure 35
mL of liquid. The liquid is then transferred into a
flask and heated.

ES8 measuring time P(1), D(2-12)
The student accurately measures time with
appropriate instruments such as a watch, an

hourglass, or any device which exhibits periodic
motion.

Example:

A student uses an oscilloscope to measure a short
time interval accurately.
E9 measuring volume P(1), D(2-12)
The student measures volume directly with
graduated containers. The student also measures

volume indirectly using calculations from
mathematical relations.

Examples:

The volume of a graduated cylinder is read at the
curve inflection point of the meniscus.

Archimedes' principle is used to determine the
volume of an irregular solid.

E10 measuring temperature P(1), D(2-12)
The student accurately measures temperature with
a thermometer or a thermocouple.

Example:

Thermometers must be properly placed to record
accurate measurements of temperature.

E11 measuring mass P(2), D(3-12)
The student accurately measures mass with a

double beam balance or by using other appropriate
techniques.

Example:

Balances may be used to determine the mass of an
object, within the limits of the precision of the
balance.

E12 using electronic instruments
P(5-8), D(9-12)

The student can use electronic instruments that
reveal physical or chemical properties, or monitor
biological functions.

Example:

Following the recommended procedures allows an
instrument to be used to the maximum extent of its
precision (e.g., ammeter, oscilloscope, pH meter,
camera).

E13 using quantitative relationships
P(5-9), D(10-12)

The student uses mathematical expressions
correctly.

Examples:

To calculate instantaneous acceleration, find the
slope at one point on a velocity versus time graph.

Calculate the volume of a cube given the length of
one side.
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F. Values That Underlie Science

The scientifically literate person interacts
with society and the environment in ways
that are consistent with the values that
underlie science.

The values that underlie science include:

FI longing to know and understand
D(K-12)

Knowledge is desirable. Inquiry directed toward
the generation of knowledge is a worthy
investment of time and other resources.

Example:

A group of four students asks the teacher if they
can do a Science Challenge project on a topic that
they are all interested in.
F2 questioning D(K-12)
Questioning is important. Some questions are of

greater value than others because they lead to
further understanding through scientific inquiry.

Example:

Students ask questions which probe more deeply
than the normal class or text presentation.

F3 search for data and their

meaning D(K-12)
The acquisition and ordering of data are the basis
for theories which, in turn, can be used to explain
many things and events. In some cases these data
have immediate practical applications of value to
humankind. Data may enable one to assess a
problem or situation accurately.

Example:

In a Science Challenge activity, a group of
students asks a question about a natural
occurrence. They then design an experiment in an
attempt to answer the question. Variables which
may influence the results of the experiment are
controlled. Careful observations are made and
recorded. Data are collected and analyzed to test
the hypothesis that is under scrutiny. Further
testing then takes place.

F4  valuing natural environments D(K-12)
Our survival depends on our ability to sustain the
essential balance of nature. There is intrinsic
beauty to be found in nature.

Example:

On a field trip the actions of the participants
should be considerate toward and conserving of all
components of the ecosystem.
F5 respect for logic P(K-2), D(3-12)
Correct and valid inferences are important. It is
essential that conclusions and actions be subject to
guestion.

Example:

Errors in logic are recognized. Information is
viewed critically with respect to the logic used.

F6 consideration of consequence
P(K-5), D(6-12)

It is a frequent and thoughtful review of the effects
that certain actions will have.

Example:

Experimental procedures can affect the outcome of
an experiment.

Transporting oil by tankers might cause an oil spill
with very serious environmental consequences.

F7 demand for verification P(3-5), D(6-12)
Supporting data must be made public. Empirical

tests must be conducted to assess the validity or
accuracy of findings or assertions.

Example:
Media reports and research are reviewed critically

and compared to other sources of information
before being accepted or rejected.
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F8 consideration of premises
P(9), D(10-12)

A frequent review should occur of the basic
assumptions from which a line of inquiry has
arisen.

Examples:

In a lab investigation into the rate of chemical
reactions, the control of variables is examined.

A critical examination is made of the factors under
consideration in explaining the extinction of
dinosaurs.

G. Science-Related Interests and
Attitudes

The scientifically literate person has
developed a unique view of science,
technology, society and the environment as a
result of science education, and continues to
extend this education throughout life.

Science-related interests and attitudes include:

G1 interest D(K-12)
The student exhibits an observable interest in
science.

Example:

Students and teachers who spend a great deal of
time outside of class on science fair projects exhibit
a keen interest in science.
G2  confidence D(K-12)
The student experiences a measure of

self-satisfaction by participating in science and in
understanding scientific things.

Example:

Students and teachers read science literature and
are interested in discussing with others what they
read.

G3 continuous learner D(K-12)
The individual has gained some scientific

knowledge and continues some line of scientific
inquiry. This may take many forms.

Example:

A person joins a natural history society to learn
more about wildlife.

G4 media preference P(K-2), D(3-12)
The student selects the most appropriate media,

depending on the information needed, and on his or
her present level of understanding.

Examples:

Students and teachers who watch science-related
television programs demonstrate a real interest in
science.

When researching a science project, a student
might have to determine which sources of
information are most appropriate. The choice could
include such things as television programs,
newspaper articles, books, public displays, and
scientific journals.

G5 avocation P(3-5), D(6-12)

The student pursues a science-related hobby.
Example:

By pursuing a hobby such as bird watching,
astronomy, or shell collecting, a student
demonstrates a keen interest in science.

G6 response preference P(3-5), D(6-12)
The way in which people behave can be an
indication of whether or not they are striving to
attain scientific literacy.

Example:

In an election, voters might consider the
candidates' positions on environmental issues.

G7 vocation P(3-8), D(9-12)
The student considers a science-related occupation.
Example:

By modelling appropriate behaviours, teachers can

encourage their students to become interested in
science education or other science-related fields.
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G8 explanation preference P(6-9), D(10-12)

The student chooses a scientific explanation over a
nonscientific explanation when it is appropriate to
do so. The student also recognizes that there may
be some circumstances in which it may not be
appropriate to select a scientific explanation.

Example:
By resorting to logic in a debate, students demon-

strate logical thinking similar to that used in
science.

G9 valuing contributors P(6-9), D(10-12)

The student values those scientists and
technologists who have made significant
contributions to humanity.

Examples:

A person wears a T-shirt bearing the image of some
famous scientist.

Some students may hold the science teacher in
very high regard.
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Templates for Assessment and Evaluation

Rating Scale Template

1