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PREFACE

The Texas Examinations for Master Teachers® (TExMaT®) program has its origins in
legislation passed in 1999 (House Bill 2307) that required the creation of the Master Reading
Teacher (MRT) Certificate, the development of standards for the certificate, and the development
of a Master Reading Teacher examination. In 2001, the Texas legislature passed legislation
creating two additional categories of Master Teacher Certificates, the Master Mathematics
Teacher (three certificates: Early Childhood—Grade 4, Grades 48, and Grades 8—12) and Master
Technology Teacher (Early Childhood—Grade 12).

The Master Science Teacher (MST) Certificate originated with the Texas Science Initiative,
which calls for the development of a cadre of science experts in Texas public schools who can
teach science and mentor other teachers in best practices for science instruction. The MST
Certificate was created by the Texas legislature in 2003 as part of the state's new focus on
improving student achievement in the core area of science. Three levels of Master Science
Teacher Certificates were established: Early Childhood—Grade 4, Grades 4-8, and Grades 8—12.

A Master Science Teacher Certificate may be obtained by individuals who:

* hold a teaching certificate,

* have at least three years of teaching experience,

* complete an SBEC-approved Master Science Teacher preparation program, AND

* pass the TExMaT Master Science Teacher EC—4, 4-8, or 8—12 certification examination.

The development of the educator standards for the Master Science Teacher Certificates was
completed in August 2004. The first SBEC-approved Master Science Teacher preparation
programs became available in early 2005. The TExMaT Master Science Teacher certification
examinations are scheduled to be implemented in Spring 2006.

This manual is designed to help examinees prepare for the new Master Science Teacher 4-8 test.
Its purpose is to familiarize examinees with the competencies to be tested, test item formats, and
pertinent study resources. Educator preparation program staff may also find this information
useful as they help examinees prepare for careers as Texas Master Teachers.

More information about the new TExMaT tests and the educator standards can be found at
http://www.sbec.state.tx.us.
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Sample test items and answer key
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SECTION |

THE NEW TEXMAT TESTS FOR MASTER TEACHERS

Successful performance on the TExMaT examination is required for the issuance of a Texas Master
Teacher certificate. Each TExMaT test is a criterion-referenced examination designed to measure the
knowledge and skills delineated in the corresponding TExMaT test framework. Each test framework is
based on standards that were developed by Texas educators and other education stakeholders.

Each newly developed TExMaT test is designed to measure the requisite knowledge and skills that an
initially-certified Texas Master Teacher in this field in Texas public schools must possess. This test
includes both individual, or stand-alone, test items (questions) and a case study assignment for which
candidates will construct a written response.

Development of the New TExMaT Tests

Committees of Texas educators and interested citizens guide the development of the new TExMaT tests
by participating in each stage of the test development process. These working committees are comprised
of Texas educators from public and charter schools, faculty from educator preparation programs,
education service center staff, representatives from professional educator organizations, content experts,
and members of the business community. The committees are balanced in terms of position, affiliation,
years of experience, ethnicity, gender, and geographical location. The committee membership is rotated
during the development process so that numerous Texas stakeholders may be actively involved. The
steps in the process to develop the TExMaT tests are described below.

1. Develop Standards. Committees are convened to recommend what an initially-certified Master
Teacher in this field should know and be able to do. To ensure vertical alignment of standards
across the range of instructional levels, individuals with expertise in early childhood, elementary,
middle, or high school education meet jointly to articulate the critical knowledge and skills for a
particular content area. Participants begin their dialogue using a "clean slate" approach with the
Texas Essential Knowledge and Skills (TEKS) as the focal point. Draft standards are written to
incorporate the TEKS and to expand upon that content to ensure that an initially-certified Master
Teacher in this field possesses the appropriate level of both knowledge and skills to instruct
successfully.

2. Review Standards. Committees review and revise the draft standards. The revised draft standards
are then placed on the SBEC Web site for public review and comment. These comments are used to
prepare a final draft of the standards that will be presented to the SBEC Board for discussion, the
State Board of Education (SBOE) for review and comment, and the SBEC Board for approval.

3. Develop Test Frameworks. Committees review and revise draft test frameworks that are based on
the standards. These frameworks outline the specific competencies to be measured on the new
TExMaT tests. The TExMaT competencies represent the critical components of the standards that
can be measured with either a paper-and-pencil-based or a computer-based examination, as
appropriate. Draft frameworks are not finalized until after the standards are approved and the job
analysis/content validation survey (see #4) is complete.
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4. Conduct Job Analysis/Content Validation Surveys. A representative sample of Texas educators
who practice in or prepare individuals for each of the fields for which a Master Teacher certificate
has been proposed are surveyed to determine the relative job importance of each competency
outlined in the test framework for that content area. Frameworks are revised as needed following an
analysis of the survey responses.

5. Develop and Review New Test Items. The test contractor develops draft items (multiple-choice
items and case study assignments) that are designed to measure the competencies described in the
test framework. Committees review the newly developed test items that have been written to reflect
the competencies in the new test frameworks. Committee members scrutinize the draft items for
appropriateness of content and difficulty; clarity; match to the competencies; and potential ethnic,
gender, and regional bias.

6. Conduct Pilot Test of New Test Items. All of the newly developed test items that have been
deemed acceptable by the item review committees are then administered to an appropriate sample
of candidates for certification.

7. Review Pilot Test Data. Pilot test results are reviewed to ensure that the test items are valid,
reliable, and free from bias.

8. Administer New TExMaT Tests. New TExMaT tests are constructed to reflect the competencies,
and the tests are administered to candidates for certification.

9. Set Passing Standard. A Standard Setting Committee convenes to review performance data from
the initial administration of each new TExMaT test and to recommend a final passing standard for
that test. The SBEC considers this recommendation as it establishes a passing score on the test.

Taking the TExMaT Master Science Teacher Test and Receiving Scores

Please refer to the current TExMaT registration bulletin for information on test dates, sites, fees,
registration procedures, and policies.

You will be mailed a score report approximately four weeks after each test you take. The report will
indicate whether you have passed the test and will include:

» atotal test scaled score. Scaled scores are reported to allow for the comparison of scores on the same
content-area test taken on different test administration dates. The total scaled score is not the
percentage of items answered correctly and is not determined by averaging the number of questions
answered correctly in each domain.

— For all TExMaT tests, the score scale is 100-300 with a scaled score of 240 as the minimum
passing score. This score represents the minimum level of competency required to be a Master
Teacher in this field in Texas public schools.

» aholistic score for your response to the case study assignment.

* your performance in the major content domains of the test and in the specific content competencies of
the test.

— This information may be useful in identifying strengths and weaknesses in your content
preparation and can be used for further study or for preparing to retake the test.

* information to help you understand the score scale and interpret your results.

You will not receive a score report if you are absent or choose to cancel your score.
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Additionally, unofficial score report information will be posted on the Internet on the score report date for
each test administration. Information about receiving unofficial scores on the Internet, the score scale,
and other score report topics may be found on the SBEC Web site at www.sbec.state.tx.us.

Educator Standards

Complete, approved educator standards are posted on the SBEC Web site at www.sbec.state.tx.us.
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SECTION I
USING THE TEST FRAMEWORK

The Texas Examinations for Master Teachers (TExMaT) test measures the content and professional
knowledge required of an initially-certified Master Teacher in this field in Texas public schools. This
manual is designed to guide your preparation by helping you become familiar with the material to be
covered on the test.

When preparing for this test, you should focus on the competencies and descriptive statements,
which delineate the content that is eligible for testing. A portion of the content is represented in the
sample items that are included in this manual. These test questions represent only a sample of
items. Thus, your test preparation should focus on the complete content eligible for testing, as
specified in the competencies and descriptive statements.

Organization of the TExMaT Test Framework

The test framework is based on the educator standards for this field.

The content covered by this test is organized into broad areas of content called domains. Each domain
covers one or more of the educator standards for this field. Within each domain, the content is further

defined by a set of competencies. Each competency is composed of two major parts:

1. the competency statement, which broadly defines what an initially-certified Master Teacher in
this field should know and be able to do, and

2. the descriptive statements, which describe in greater detail the knowledge and skills eligible
for testing.

The educator standards being assessed within each domain are listed for reference at the beginning of the
test framework, which begins on page 8. These are then followed by a complete set of the framework's

competencies and descriptive statements.

An example of a competency and its accompanying descriptive statements is provided on the next page.

TExMaT Preparation Manual—Master Science Teacher 4-8 5



Sample Competency and Descriptive Statements

Master Science Teacher 4-8
Competency:

The Master Science Teacher 4-8 understands the historical perspectives of science
and how science interacts with and influences personal and societal decisions.

Descriptive Statements:
The Master Science Teacher:

¢ Demonstrates an understanding of the historical development of science and
scientific knowledge.

e Analyzes the significance of key scientific and technological advances.

¢ Recognizes the contributions that diverse cultures and individuals have made
to scientific knowledge and designs science instruction that is inclusive and
accounts for these contributions.

e Analyzes how personal or societal needs and priorities can affect the direction,
support, and applications of scientific research.

¢ Demonstrates an understanding of the role science can play in helping cause
and/or resolve personal, societal, and global challenges.

e Knows how to apply scientific principles, the theory of probability,
and the principles of risk-benefit analysis to analyze the advantages,
disadvantages, or alternatives to a given decision or course of action.

e Recognizes how learning science enables students to function in an
increasingly complex society.
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Studying for the TExMaT Test

The following steps may be helpful in preparing for the TExMaT test.

1.

Identify the information the test will cover by reading through the test competencies (see the
following pages in this section). Within each domain of this TExMaT test, each competency will
receive approximately equal coverage.

Read each competency with its descriptive statements in order to get a more specific idea of the
knowledge you will be required to demonstrate on the test. You may wish to use this review of the

competencies to set priorities for your study time.

Review the "Preparation Resources" section of this manual for possible resources to consult. Also,
compile key materials from your preparation coursework that are aligned with the competencies.

Study this manual for approaches to taking the TExMaT test.

When using resources, concentrate on the key ideas and important concepts that are discussed in the
competencies and descriptive statements.

NOTE: This preparation manual is the only TExMaT test study material endorsed by the SBEC
for this field. Other preparation materials may not accurately reflect the content of the test or the
policies and procedures of the TExMaT program.
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TEST FRAMEWORK FOR FIELD 091: MASTER SCIENCE TEACHER 4-8

Domain | Physical Science (approximately 18% of the test)
Standards Assessed:

Master Science Teacher Standard I:
Content: The Master Science Teacher knows and understands and is able to mentor
the teaching of the Texas Essential Knowledge and Skills (TEKS) in science.

Master Science Teacher Standard lll:

Scientific Inquiry: The Master Science Teacher understands, applies knowledge of, and
guides others to understand processes of scientific inquiry and the role of inquiry in
science learning and teaching.

Master Science Teacher Standard V:

Safety: The Master Science Teacher understands, implements, models, and
advocates: safe classroom, field, and laboratory experiences; safe use of equipment
and technology; and ethical use of organisms and specimens and guides others to do
the same.

Master Science Teacher Standard VI:

Inclusive Instruction: The Master Science Teacher uses and guides others to use a
variety of instructional strategies and resources to meet the diverse needs of all
learners.

Domain Il  Life Science (approximately 18% of the test)
Standards Assessed:

Master Science Teacher Standard I:
Content: The Master Science Teacher knows and understands and is able to mentor
the teaching of the Texas Essential Knowledge and Skills (TEKS) in science.

Master Science Teacher Standard lll:

Scientific Inquiry: The Master Science Teacher understands, applies knowledge of, and
guides others to understand processes of scientific inquiry and the role of inquiry in
science learning and teaching.

Master Science Teacher Standard V:

Safety: The Master Science Teacher understands, implements, models, and
advocates: safe classroom, field, and laboratory experiences; safe use of equipment
and technology; and ethical use of organisms and specimens and guides others to do
the same.

Master Science Teacher Standard VI:

Inclusive Instruction: The Master Science Teacher uses and guides others to use a
variety of instructional strategies and resources to meet the diverse needs of all
learners.
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Domain lll Earth and Space Science (approximately 18% of the test)
Standards Assessed:

Master Science Teacher Standard I:
Content: The Master Science Teacher knows and understands and is able to mentor
the teaching of the Texas Essential Knowledge and Skills (TEKS) in science.

Master Science Teacher Standard llI:

Scientific Inquiry: The Master Science Teacher understands, applies knowledge of, and
guides others to understand processes of scientific inquiry and the role of inquiry in
science learning and teaching.

Master Science Teacher Standard V:

Safety: The Master Science Teacher understands, implements, models, and
advocates: safe classroom, field, and laboratory experiences; safe use of equipment
and technology; and ethical use of organisms and specimens and guides others to do
the same.

Master Science Teacher Standard VI:

Inclusive Instruction: The Master Science Teacher uses and guides others to use a
variety of instructional strategies and resources to meet the diverse needs of all
learners.

Domain IV  The History, Nature, and Context of Science; Scientific Inquiry; and Safety
(approximately 18% of the test)

Standards Assessed:

Master Science Teacher Standard I:
Content: The Master Science Teacher knows and understands and is able to mentor
the teaching of the Texas Essential Knowledge and Skills (TEKS) in science.

Master Science Teacher Standard II:

History, Nature, and Context of Science: The Master Science Teacher understands,
applies knowledge of, and guides others to understand the historical perspectives of
science, the nature of science, and how science interacts with and influences personal
and societal decisions.

Master Science Teacher Standard lll:

Scientific Inquiry: The Master Science Teacher understands, applies knowledge of, and
guides others to understand processes of scientific inquiry and the role of inquiry in
science learning and teaching.

Master Science Teacher Standard V:

Safety: The Master Science Teacher understands, implements, models, and
advocates: safe classroom, field, and laboratory experiences; safe use of equipment
and technology; and ethical use of organisms and specimens and guides others to do
the same.
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Domain V  Alignment and Integration, Instruction, and Assessment (approximately 14% of

Domain VI

10

the test)
Standards Assessed:

Master Science Teacher Standard IV:

Alignment and Integration: The Master Science Teacher understands, applies
knowledge of, and guides others to understand the Texas Essential Knowledge and
Skills (TEKS) and the national science standards and knows the importance of vertical
alignment of the TEKS and integration of the science disciplines with one another and
with other disciplines.

Master Science Teacher Standard VI:

Inclusive Instruction: The Master Science Teacher uses and guides others to use a
variety of instructional strategies and resources to meet the diverse needs of all
learners.

Master Science Teacher Standard VIII:

Student Assessment: The Master Science Teacher collaborates to select, construct,
and administer aligned assessments, analyzes the results to modify instruction to
improve student achievement, and develops those skills in others.

The Learning and Teaching Environment, Mentoring, and Shared Leadership
(approximately 14% of the test)

Standards Assessed:

Master Science Teacher Standard VII:

Learning and Teaching Environment: The Master Science Teacher demonstrates and
promotes a positive attitude, high expectations, passion, and enthusiasm for science
learning and teaching.

Master Science Teacher Standard IX:

Mentoring and Shared Leadership: The Master Science Teacher facilitates standards-
based science instruction by: communicating and collaborating with educational
stakeholders; exhibiting leadership, mentoring, coaching, and consulting with
colleagues; facilitating professional development; and making decisions based on
research.
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DOMAIN |I—PHYSICAL SCIENCE

Competency 001 (Properties of Matter) Standard |
The Master Science Teacher 4-8 understands the physical and chemical properties of

matter.

The Master Science Teacher:

Analyzes physical and chemical changes, including changes in state, and
factors that affect chemical reactions.

Recognizes characteristics and applications of various types of reactions
(e.g., oxidation-reduction, acid-base).

Understands the characteristics of and differences between elements,
compounds, mixtures, and solutions.

Applies the law of conservation of matter to analyze a variety of situations.
Understands the behavior of gases.

Understands atomic and molecular structures and relates them to the
organization of the periodic table and the behavior of different elements.

Analyzes the role of different kinds of chemical bonds and intermolecular
forces in forming compounds and determining the properties of substances.

Interprets chemical formulas and equations.

Competency 002 (Force and Motion) Standard |
The Master Science Teacher 4-8 understands the concepts of and relationship
between force and motion.

The Master Science Teacher:

Understands Newton's laws and the law of universal gravitation.

Analyzes changes in the position and motion of objects subjected to an
unbalanced force.

Applies knowledge of the relationship between force and motion to analyze
common objects, simple machines, and everyday situations.

Recognizes factors affecting the motion of an object (e.g., friction, velocity,
acceleration, inertial mass, momentum).

Interprets changes in position of an object depicted graphically.

TExMaT Preparation Manual—Master Science Teacher 4-8 11



Competency 003 (Energy and Energy Transformations) Standard |
The Master Science Teacher 4-8 understands forms of energy and energy
transformations.

The Master Science Teacher:

¢ Analyzes the transfer of energy in a variety of situations and devices
(e.g., production of heat, light, sound, and magnetic effects by electrical
energy; the process of photosynthesis; weather processes).

e Applies the law of conservation of energy to analyze a variety of phenomena
(e.g., specific heat, chemical and nuclear reactions, efficiency of simple
machines).

e Understands the principles of electricity and magnetism.

e Applies properties and characteristics of waves to analyze sound, light, and
other wave phenomena.

¢ Understands the characteristics of the electromagnetic spectrum.

Competency 004 (Strategies, Resources, and Equipment) Standards lll, V, and VI
The Master Science Teacher 4-8 understands and uses a variety of strategies,
resources, and scientific equipment for teaching developmentally appropriate
physical science concepts.

The Master Science Teacher:

e Applies knowledge of appropriate techniques, procedures, tools, and
technologies to observe and record phenomena associated with physical
science.

¢ Knows how to select and safely adapt everyday materials for physical science
activities and effectively uses a variety of instructional resources associated
with physical science.

e Recognizes and assesses students' preconceptions and misconceptions about
phenomena related to physical science.

e Plans, implements, and evaluates lessons that assist students in
understanding concepts and making generalizations associated with physical
science.
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DOMAIN II—LIFE SCIENCE

Competency 005 (Characteristics and Needs of Organisms) Standard |
The Master Science Teacher 4-8 understands the basic characteristics and needs of
organisms.

The Master Science Teacher:

Identifies characteristics of living and nonliving components of the environment.
Explains how structure and function are related in organisms.

Recognizes levels of organization (e.g., cells, tissues, organs, organ systems)
in organismes, including humans, and the functions of types of cells, tissues,
organs, and organ systems.

Identifies stages in the life cycles of common plants and animals and analyzes
the growth and developmental processes of a variety of organisms, including
humans.

Recognizes the role of internal and external stimuli in the behavior of
organisms and identifies feedback mechanisms that allow organisms to
maintain stable internal conditions.

Competency 006 (Reproduction, Heredity, and Evolution) Standard |
The Master Science Teacher 4-8 understands reproduction, the principles of heredity,
and the evolution of life.

The Master Science Teacher:

Understands the processes by which plants and animals reproduce and
explains how hereditary information is passed from one generation to the next,
including predicting the probable outcomes of genetic combinations involving
dominant and recessive traits.

Analyzes how interactions with the physical environment can result in changes
in gene frequency.

Analyzes the role of natural selection in species variation, diversity, speciation,
phylogeny, adaptation, behavior, and extinction.

Demonstrates understanding of the principles of and evidence for the theory of
evolution, including how adaptations influence the survival of populations or
species.

Understands how organisms are classified.

TExMaT Preparation Manual—Master Science Teacher 4-8
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Competency 007 (Organisms within Ecosystems) Standard |
The Master Science Teacher 4-8 understands relationships among organisms,
ecosystems, and the environment.

The Master Science Teacher:

Analyzes ways living organisms, including humans, depend on one another
and their environment for basic needs.

Recognizes characteristics of major ecosystems and biomes and understands
the consequences of species loss or introduction in a particular ecosystem.

Understands the flow of energy and matter among organisms and in
ecosystems (e.g., interrelationships among producers, consumers, and
decomposers; characteristics of biogeochemical cycles).

Demonstrates understanding of the concept of ecological niche and
understands its relationship to characteristics of species in an ecosystem.

Analyzes types of interactions among species (e.g., commensalism, symbiosis,
parasitism, competition) in an ecosystem.

Understands ecological succession and analyzes the response of ecosystems
to changes in the environment.

Competency 008 (Strategies, Resources, and Equipment) Standards Ill, V, and VI

The Master Science Teacher 4-8 understands and uses a variety of strategies,
resources, and scientific equipment for teaching developmentally appropriate life
science concepts.

14

The Master Science Teacher:

Applies knowledge of appropriate techniques, procedures, tools, and
technologies to observe and record phenomena associated with life science.

Knows how to select and safely adapt everyday materials for life science
activities and effectively uses a variety of instructional resources associated
with life science.

Recognizes and assesses students' preconceptions and misconceptions about
phenomena related to life science.

Plans, implements, and evaluates lessons that assist students in developing
concepts and making generalizations associated with life science.
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DOMAIN IIl—EARTH AND SPACE SCIENCE

Competency 009 (Earth Materials and Processes) Standard |
The Master Science Teacher 4-8 understands the properties of Earth materials and
the structure, function, and history of Earth systems.

The Master Science Teacher:

Describes properties and uses of minerals, fossils, rocks, soils, water,
atmospheric gases, and other Earth materials, including renewable,
nonrenewable, and inexhaustible resources.

Describes theories and evidence regarding the formation and history of Earth.

Analyzes and describes how human activity and natural processes, both
gradual and catastrophic, can alter Earth systems, including the extinction of
species.

Analyzes a variety of Earth cycles (e.g., rock cycle, water cycle, carbon cycle,
nitrogen cycle).

Analyzes the evolution and characteristics of different landforms and the forces
and processes that shape them (e.g., faulting, folding, plate movements,
earthquakes, volcanic activity, weathering, erosion).

Competency 010 (Hydrosphere and Atmosphere) Standard |
The Master Science Teacher 4-8 understands the structure and function of the
hydrosphere and characteristics of Earth's climate, weather, and atmosphere.

The Master Science Teacher:

Recognizes the impact of the hydrosphere on land formation (e.g., erosion,
weathering, coastal processes), organisms, and ecosystems.

Identifies components of the water cycle and their relationship to weather and
climate.

Analyzes the effect of the sun on Earth systems (e.g., atmospheric circulation,
ecosystems) and how Earth's position, orientation, and surface features affect
seasons, weather, and climate.

Identifies chemical and physical components of the atmosphere and
understands changes in climate and weather caused by natural events and
human activities.

Identifies the physical and chemical characteristics of oceans and ocean
circulation.

Identifies the relationship between groundwater and surface water in a
watershed.
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Competency 011 (Solar System and Universe) Standard |
The Master Science Teacher 4-8 understands components and characteristics of the
solar system and the universe.

The Master Science Teacher:

e Understands the origin, history, and properties of the solar system and its scale
in space and time.

¢ Understands theories of the origin of the universe, including the processes that
form stars and the characteristic stages in the life cycle of a star.

¢ Identifies methods of exploring the solar system and universe.

¢ Identifies, orders, and describes components of the solar system (e.g., physical
characteristics of planets, moons, asteroids, comets) and their relationship to
the sun and to each other.

¢ Relates the movements and orientations of the moon, Earth, and the sun to
tides, phases, seasons, and day and night.

Competency 012 (Strategies, Resources, and Equipment) Standards lll, V, and VI
The Master Science Teacher 4-8 understands and uses a variety of strategies,
resources, and scientific equipment for teaching developmentally appropriate earth
and space science concepts.

The Master Science Teacher:

e Applies knowledge of appropriate techniques, procedures, tools, and
technologies to observe and record phenomena associated with earth and
space science.

¢ Knows how to select and safely adapt everyday materials for earth and space
science activities and effectively uses a variety of instructional resources
associated with earth and space science.

o Demonstrates knowledge of the use of the senses and basic tools for
monitoring changes in the weather and making weather measurements.

e Recognizes and assesses students' preconceptions and misconceptions about
phenomena related to earth and space science.

¢ Plans, implements, and evaluates lessons that assist students in developing
concepts and making generalizations associated with earth and space science.
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DOMAIN IV—THE HISTORY, NATURE, AND CONTEXT OF SCIENCE; SCIENTIFIC INQUIRY;

AND SAFETY

Competency 013 (Historical, Personal, and Societal Contexts) Standard Il
The Master Science Teacher 4-8 understands the historical perspectives of science
and how science interacts with and influences personal and societal decisions.

The Master Science Teacher:

Demonstrates an understanding of the historical development of science and
scientific knowledge.

Analyzes the significance of key scientific and technological advances
(e.g., Copernican revolution, relativity, atomic theory, germ theory, industrial
revolution).

Recognizes the contributions that diverse cultures and individuals have made
to scientific knowledge.

Designs science instruction that is inclusive and accounts for the contributions
to science of diverse cultures and individuals.

Analyzes how personal or societal needs and priorities can affect the direction,
support, and applications of scientific research.

Demonstrates an understanding of the role science can play in helping cause
and/or resolve personal, societal, and global challenges.

Applies scientific principles to analyze the advantages, disadvantages, or
alternatives to a given decision or course of action.

Understands how learning science enables students to function in an
increasingly complex society.
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Competency 014 (Nature of Science and Unifying Themes) Standards | and Il
The Master Science Teacher 4-8 understands the nature of scientific thought and how
unifying themes form a conceptual framework to organize science and technology.

The Master Science Teacher:

¢ Demonstrates an understanding of the organizational, explanatory, and
predictive power of scientific theories and models and recognizes the
limitations to the kinds of questions that can be answered through scientific
means.

¢ Knows that all scientific ideas are subject to refinement as new information
challenges prevailing theories and as new theories cause previous
observations to be interpreted in new ways.

e Recognizes the role of logical reasoning in developing, evaluating, and
validating scientific explanations and is able to analyze, review, and critique
hypotheses and theories using scientific evidence and information.

e Knows the roles of sharing research results and peer review in developing and
validating scientific knowledge.

o Demonstrates an understanding of the principles of scientific ethics in
conducting research and reporting results.

e Uses physical, conceptual, and mathematical models to describe and make
predictions about natural phenomena and evaluates the strengths and
limitations of various types of models.

e Demonstrates an understanding of how certain concepts and processes
(i.e., systems, order, and organization; evidence, models, and explanation;
change, constancy, and measurements; evolution and equilibrium; form and
function; properties and patterns) form a unifying framework for science,
mathematics, and technology and are applied to the various science
disciplines.

e Analyzes systems in terms of cycles, structure, processes, properties, patterns,
and the interactions that occur among the components of a given system or
subsystem.
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Competency 015 (Scientific Inquiry) Standard llI
The Master Science Teacher 4-8 understands the processes of scientific inquiry and
applies these processes in science learning and teaching and guides others to do so.

The Master Science Teacher:

TExMaT Preparation Manual—Master Science Teacher 4-8

Understands the processes, tenets, and assumptions of multiple methods of
inquiry leading to scientific knowledge.

Demonstrates an understanding of the characteristics, applications, and design
of scientific investigations using appropriate methods for experimental and
nonexperimental research (e.g., controlled experiments, descriptive studies,
comparative data analysis).

Identifies potential sources of error in a given inquiry-based investigation.

Recognizes patterns in collected data and observations of natural phenomena
and develops, analyzes, and evaluates different explanations for the results of
scientific investigations.

Interprets data and applies methods of statistical analysis and measures
(e.g., mean, median, mode, correlation).

Plans and implements instruction that provides opportunities for all students to
engage in scientific inquiry and to use higher-order thinking skills, logical
reasoning, and problem solving to reach conclusions based on evidence.

Assists students in identifying, refining, and focusing scientific ideas and
questions that form the basis for an inquiry activity.

Guides students in making systematic observations and measurements,
analyzing data, and recording and reporting results.

Demonstrates the use of a variety of tools, technologies, and techniques to
access, gather, store, retrieve, organize, and analyze data.

Manages groups of students in laboratory and field settings to optimize
scientific inquiry.

Designs and uses criteria for assessing student participation in and
understanding of the inquiry process.
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Competency 016 (Safety) Standard V
The Master Science Teacher 4-8 understands, implements, models, and advocates for
safe science learning environments, safe use of equipment and technology, and the
ethical use and care of organisms and guides others to do so.

The Master Science Teacher:

¢ Knows sources of information about laboratory safety and interprets and
appropriately applies safety regulations and guidelines.

e Knows procedures for responding to accidents or emergencies in the
classroom, field, or laboratory.

o Works with the district and school to create, implement, and enforce policies,
rules, and safety procedures to promote and maintain a safe learning
environment during laboratory and field activities.

o Knows strategies and resources for maintaining current safety training and
promoting safety training for others.

o Knows how to create a safe, learner-centered environment that is flexible and
supportive of scientific inquiry and that provides adequate laboratory space and
equipment for all students, including those with special needs.

o Knows how to use and guide others to use safe practices in designing,
planning, and implementing instructional activities in the laboratory, field, and
classroom.

e Applies procedures to inventory, maintain, and optimize quick and safe access
to safety equipment (e.g., eyewash station, sink, safety shower, fire blanket,
extinguisher).

¢ Demonstrates an understanding of appropriate procedures for storing,
ordering, inventorying, performing safety checks on, handling, using, disposing
of, caring for, and maintaining chemicals, materials, specimens, and
equipment.
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DOMAIN V—ALIGNMENT AND INTEGRATION, INSTRUCTION, AND ASSESSMENT

Competency 017 (Vertical Alignment and Integration) Standard IV
The Master Science Teacher 4-8 understands the Texas Essential Knowledge and
Skills (TEKS) for Science and other science education initiatives, recognizes the
importance of the vertical alignment of the TEKS, and applies strategies for
integrating the science disciplines with one another and with other disciplines.

The Master Science Teacher:

Knows the purpose, content, and organization of the Texas Essential
Knowledge and Skills (TEKS) for Science and uses them to plan and
implement grade-appropriate instruction that is vertically aligned with the
overall science curriculum.

Demonstrates familiarity with the national science standards and other
science education initiatives and applies information from related publications
(e.g., National Science Education Standards, Science for All Americans,
Benchmarks for Science Literacy) to science curriculum, instruction, and
assessment.

Knows how students build scientific knowledge and skills and the relationship
between students' cognitive development and vertical alignment of the Texas
Essential Knowledge and Skills (TEKS) and uses this knowledge to sequence
learning activities.

Recognizes how learning in one science discipline can support and enhance
learning in other science disciplines and knows how to make connections
among the science disciplines.

Demonstrates an understanding of how science fits into the overall curriculum
and is able to integrate content, materials, skills, and processes between
science and other disciplines in the school curriculum in a meaningful way.

Recognizes connections between science and daily life and uses common
examples from students’ daily lives to help explain or illustrate scientific
processes, concepts, and principles.

Knows how to evaluate and select instructional materials based on alignment
with the Texas Essential Knowledge and Skills (TEKS), sound scientific
principles, and learner-centered pedagogy.

Knows how to provide guidance to other teachers regarding proper alignment
and effective integration of science content.

TExMaT Preparation Manual—Master Science Teacher 4-8
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Competency 018 (Science Instruction) Standard VI
The Master Science Teacher 4-8 plans and implements effective science instruction
using a variety of strategies and resources to meet the diverse needs of all learners
and guides others to do so.

The Master Science Teacher:

e Knows established theories and research on how all students learn science
and develop scientific understanding and how the developmental
characteristics of students influence science learning.

o Determines, designs, and uses instructional approaches and activities
supported by research evidence as being effective for developing important
science content knowledge, concepts, process sKkills, problem-solving
strategies, and critical- and analytical-thinking capacities.

¢ Recognizes how common preconceptions and misconceptions that students
have about scientific phenomena influence learning.

e Applies effective instructional strategies that build on students' prior knowledge
and address misconceptions.

¢ Knows how to motivate students and actively engage them in the learning
process by using a variety of research-based instructional formats that are
effective with a range of students, including students who are at risk, English
language learners, and students from traditionally underrepresented groups in
the sciences.

e Recognizes the importance of taking into account the full diversity of the
student population and cultural and gender biases in designing effective
science instruction and selecting materials.

e Recognizes assistive technologies and instructional modifications that enable
students with disabilities and special needs to participate fully in science
activities.

o Applies strategies that use instructional time and resources effectively.

e Knows techniques for identifying students' strengths and needs in science and
for modifying, differentiating, and integrating instruction based on those
strengths and needs.

e Uses and translates among multiple representations (e.g., verbal, concrete,
tabular, graphic, pictorial, mathematical, symbolic) of science content.

o Works collaboratively to ensure access for all students to facilities, equipment,
and laboratory- and field-based investigations.

e Knows how to provide guidance and feedback to other teachers regarding
lesson plans, instructional materials, and teaching strategies to help them
develop their knowledge and skills in science instruction for all students.
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Competency 019 (Student Assessment) Standard VIii
The Master Science Teacher 4-8 selects, constructs, and administers aligned student
assessments; analyzes results to modify instruction; and develops these skills in

others.

The Master Science Teacher:

Recognizes the relationships among curriculum, student assessment, and
instruction.

Demonstrates an understanding of technical issues associated with testing
(e.g., reliability, validity, absence of bias, clarity of language, appropriateness
of level) and applies this knowledge to the evaluation, selection, design, and
administration of student assessment materials and procedures.

Selects, designs, and administers a variety of appropriate assessment
instruments and/or methods (e.g., formal/informal, formative/summative) to
monitor student understanding and progress in science.

Uses ongoing formal and informal assessments of students' science
understanding to guide and improve instructional practice.

Knows the importance of sharing assessment criteria with students and stating
the criteria clearly so that students can understand and derive meaning from
them.

Recognizes the role of student assessments as learning experiences and
strategies for engaging students in meaningful self-assessments.

Communicates effectively with other teachers about the development and use
of student assessment techniques and the interpretation of results to guide
instruction.

Knows how to communicate assessment results to parents/guardians.

Establishes criteria consistent with current ethical and legal principles
regarding sharing of assessment results with students, parents/
guardians, and appropriate school personnel.

TExMaT Preparation Manual—Master Science Teacher 4-8
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DOMAIN VI—THE LEARNING AND TEACHING ENVIRONMENT, MENTORING, AND SHARED
LEADERSHIP

Competency 020 (Learning and Teaching Environment) Standard Vi

The Master Science Teacher 4-8 understands the importance of and strategies for
creating an environment that fosters positive attitudes, high expectations, passion,
and enthusiasm for the learning and teaching of science.

24

The Master Science Teacher:

Understands that the attitudes and expectations of teachers and students and
the environment inside and outside the school affect the learning of science.

Ensures high expectations and equity in science instruction for all students
by reflecting on one's own behaviors and attitudes and encouraging others
to do so.

Applies the results from research to promote and create a positive learning
environment with respect to linguistic, cultural, socioeconomic, and
developmental diversity.

Designs and manages the time, space, and resources needed to create a
positive teaching and learning environment.

Identifies and uses community resources to supplement the school science
program in order to create a positive learning and teaching environment.

Uses a variety of strategies to establish a collaborative scientific community
among students and teachers that supports actively engaged learning

(e.g., listening to and respecting students' ideas, modeling effective learning
processes, conveying a sense of passion and enthusiasm about science).

Knows how to advocate for students and science education in the school and
community.

Promotes careers in science and science education.

Recognizes the importance of keeping up-to-date on current and emerging
science topics and technology and uses effective strategies and resources for
doing so.

Recognizes the importance of empowering teachers and students with the
courage to promote and embrace change.

Knows how to promote academic integrity in the learning environment.
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Competency 021 (Leadership, Communication, and Collaboration) Standard IX
The Master Science Teacher 4-8 uses leadership skills and knows how to
communicate and collaborate with educational stakeholders to facilitate
implementation of standards-based science instruction.

The Master Science Teacher:

Knows the dual role of the Master Science Teacher as teacher and mentor in
the school community.

Demonstrates an understanding of leadership, communication, and facilitation
skills and strategies.

Applies principles, guidelines, and professional ethical standards regarding
collegial and professional collaborations, including issues related to
confidentiality.

Understands the importance of collaborating with administrators, colleagues,
parents/guardians, and other members of the school community to establish
and implement the roles of the Master Science Teacher and ensure effective
ongoing communication.

Knows strategies for building trust and a spirit of collaboration with other
members of the school community to effect positive change in the school
science program and science instruction.

Uses leadership skills to ensure the effectiveness and ongoing improvement of
the school science program, encourage support for the program, and engage
others in improving the program.

Collaborates with administrators to address the specific needs and concerns of
novice teachers of science that contribute to attrition.

Applies learning processes and procedures that facilitate peer learning and
self-learning and uses positive, constructive techniques for providing feedback
to other teachers.

Cultivates shared leadership among teachers and students in the school
system and community at large.

Advocates for scientific literacy in the community by discussing science-related
issues with students, colleagues, administrators, parents/guardians, and the
community.
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Competency 022 (Mentoring, Coaching, Consultation, and Professional Development)
Standard IX
The Master Science Teacher 4-8 knows how to provide professional development
through mentoring, coaching, and consultation with colleagues, and makes
instructional decisions based on research about science and science learning.

The Master Science Teacher:

¢ Knows and applies research-based skills and strategies for mentoring,
coaching, and consulting in the development, implementation, and evaluation
of an effective standards-based science program.

e Encourages others to reflect on teaching behaviors and attitudes that ensure
high expectations and equity in science instruction for all students.

¢ Maintains the role of mentor via collaborative consultation and avoids the roles
of evaluation and supervision.

o Knows and applies learning processes and procedures for facilitating adult
learning.

o Knows models and features of effective professional development programs
that promote sustained application in classroom practice (e.g., demonstration,
modeling, guided practice, feedback, coaching, follow-up).

e Knows how to use mentoring, coaching, and consultation to facilitate team
building for identifying strengths and needs related to science instruction,
developing strategies for addressing particular needs, and promoting science
learning.

o Uses consultation to work effectively with colleagues who have varying levels
of skill and experience and/or different philosophical approaches to instruction
to develop, implement, and monitor science programs based on the Texas
Essential Knowledge and Skills (TEKS).

¢ Knows how to select and use strategies to maximize effectiveness as a Master
Science Teacher, such as applying principles of time management and
engaging in continuous self-assessment.

o Knows how to collaborate with teachers, administrators, and others to identify
professional development needs, generate support for professional
development programs, and ensure provision of effective, ongoing, data-based
professional development opportunities.

e Advocates the importance of active participation in professional science
education organizations.

e Knows sources for locating information about research, including emerging
research, on science and science learning and understands methods and
criteria for reviewing research on science learning and selecting research for
educational applications.
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SECTION I11

MULTIPLE-CHOICE ITEMS

The purpose of this section is to describe multiple-choice item formats that you will see on the TExMaT
Master Science Teacher (MST) test and to suggest possible ways to approach thinking about and
answering the multiple-choice items. In addition to the introduction to multiple-choice item formats and
approaches, you will find sample multiple-choice items, explanations for the correct and incorrect
responses for a select number of multiple-choice items, and an answer key.

The Master Science Teacher 48 test is designed to include 80 scorable multiple-choice items and
approximately 10 nonscorable items. Your final scaled score will be based only on scorable items. The
nonscorable multiple-choice items are pilot tested by including them in the test in order to collect
information about how these questions will perform under actual testing conditions. Nonscorable test
items are not considered in calculating your score, and they are not identified on the test.

All multiple-choice items on this test are designed to assess your knowledge of the content described in
the test framework. The multiple-choice items assess your ability to recall factual information and to
think critically about the information, analyze it, consider it carefully, compare it with other knowledge
you have, or make a judgment about it.

When you are ready to answer a multiple-choice item, you must choose one of four answer choices
labeled A, B, C, and D. Then you must mark your choice on a separate answer sheet.

In addition to the multiple-choice items, the MST test will include one case study assignment. Please see
Section [V: Case Study Assignment.
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Periodic Table of the Elements

A periodic table of the elements will be provided in your test booklet. A copy of this periodic table is also
provided on page 29 of this preparation manual. For the MST 4-8 test, it is not necessary to memorize

the names of the elements in the periodic table.
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For the MST 4-8 test, it is not necessary to memorize the names of the elements in the periodic table.
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Multiple-Choice Item Formats

You may see the following two types of multiple-choice items on the test.

— Single items
— Items with stimulus material

You may have two or more items related to a single stimulus. When you have at least two items related
to a single stimulus, the group of items is called a cluster. After the last item of a clustered item set
containing two or more items, you will see the graphic illustrated below.

00600000

This graphic is used to separate these clustered items related to specific stimulus material from other
items that follow.

SINGLE ITEMS

In the single item format, a problem is presented as a direct question or an incomplete statement, and four
answer choices appear below the item. Read each item carefully and critically. Think about what it is
asking and the situation it is describing. Eliminate any obviously wrong answer choices, select the correct
answer, and mark it on your answer sheet.

ITEMS WITH STIMULUS MATERIAL

Some items are preceded by stimulus material that relates to the items. Some types of stimulus material
included on the test are reading passages, graphics, tables, or a combination of these. In such cases, you
will generally be given information followed by an event to analyze, a problem to solve, or a decision to
make.

One or more items may be related to a single stimulus. You can use several different approaches to
answer these types of items. Some commonly used approaches are listed below.

Strategy 1 Skim the stimulus material to understand its purpose, its arrangement, and/or its content,
then read the item and refer again to the stimulus material to verify the correct answer.

Strategy 2 Read the item before considering the stimulus material. The content of the item will help
you identify the purpose of the stimulus material and locate the information you need to
respond to the item.

Strategy 3 Use a combination of both strategies; apply the "read the stimulus first" strategy with
shorter, more familiar stimuli and the "read the item first" strategy with longer, more
complex, or less familiar stimuli. You can experiment with the sample items in this manual
and then use the strategy with which you are most comfortable when you take the actual test.

Whether you read the stimulus before or after you read the item, you should read it carefully and
critically. You may want to underline its important points to help you respond to the item.
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As you consider items set in educational contexts, try to use the identified teacher's point of view to
respond to the items that accompany the stimulus. Be sure to consider the items in terms of only the
information provided in the stimulus—not in terms of specific situations or individuals you may have
encountered.

On the following pages, you will find samples of these commonly used item formats, along with
explanations of the correct and incorrect responses. In the actual testing situation, you may mark the test
items and/or write in the margins of your test booklet, but your final response must be indicated on the
answer sheet provided.

Sample Multiple-Choice Items and Explanations

As part of your preparation for the test, sample multiple-choice items have been provided for you to
review. To demonstrate how each competency may be assessed, each sample item is accompanied by the
competency number that it measures. While studying, you may wish to read the competency before and
after you consider each sample item. Please note that the competency numbers will not appear on the
actual test form.

An explanation of the correct and incorrect responses is also provided. Each explanation offers one of
perhaps many perspectives on why a given response is correct or incorrect in the context; there may be
other explanations as well. Keep in mind when reviewing items and response options that there is one
best response to each item.

The sample items are included to illustrate the formats and types of items you will see on the test;

however, your performance on the sample items should not be viewed as a predictor of your
performance on the actual examination.
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Competency 001
During the formation of potassium
chloride (KCl), electrons are transferred
from the highest energy level of one of the
atoms to the highest energy level of the
other atom. The formation of KCl that
results from this kind of electron transfer
is an example of which of the following
types of chemical bonding?

A. 1onic
B. metallic
C. covalent

D. nonpolar

Option A is correct because the difference in electronegativity of potassium and chlorine atoms is large.
As a result, high energy level electrons are transferred from potassium atoms to chlorine atoms, resulting
in the formation of oppositely charged ions that are attracted to each other electrostatically.

Option B is incorrect because atoms in a sample of a metal have similar electronegativities. As a result,
high energy level electrons delocalize as they move freely from one metal atom to another.

Option C is incorrect because covalent bonds commonly occur between elements with a relatively large
number of valence electrons and a relatively high electronegativity. As a result, electrons are shared as
they move back and forth between atoms.

Option D is incorrect because it describes a covalent, molecular structure in which there is little difference

in electronegativity and electrons are shared equally between atoms. It also describes a molecular
structure consisting of polar covalent bonds arranged symmetrically.
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Competency 002

Use the diagram below to answer the question that follows.

applied force

direction of motion of cart ———»

O

@

frictional force

A cart moves in a straight line along a
level surface as shown in the diagram
above. All forces acting on the cart are
balanced. Which of the following best

applied force = frictional force

describes the motion of the cart over time?

A.  The velocity of the cart will remain
constant.

B. The acceleration of the cart will
steadily increase.

C.  The momentum of the cart will
steadily decrease.

D.  The inertia of the cart will steadily
increase.

Option A is correct because, according to Newton's law of inertia, an object cannot change its speed or
direction unless acted upon by an unbalanced force.

Option B is incorrect because the rate of acceleration of an object of a given mass is directly proportional

to the magnitude of the unbalanced force acting on the object.

Option C is incorrect because the momentum of an object is the product of its mass and velocity. There
are no unbalanced forces causing the cart to change its velocity as the mass of the cart remains constant.

Option D is incorrect because the inertia of an object is a measure of the resistance of that object to any
change in velocity that results from the action of an unbalanced force and is proportional to the mass of
the cart, which, in this situation, remains constant.
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Competency 003
A pendulum is composed of a mass sus-
pended by a string. Once the pendulum
is started, each successive swing becomes
lower and lower in height until the mass
returns to rest. In which of the following
ways does energy leave this system?

A.  During the swinging of the pendu-
lum, thermal energy is produced by
friction.

B.  Tension in the string absorbs energy
as the mass of the pendulum is set in
motion.

C.  As the pendulum moves downward,
some energy is absorbed by the
ecarth's gravitational field.

D.  The kinetic energy of the mass at
the base of the pendulum increases
as it comes to rest.

Option A is correct because as the pendulum swings, the kinetic energy of the system is converted to
thermal energy as a result of friction between the moving parts of the pendulum and between the
surrounding air molecules and the swinging pendulum mass and string.

Option B is incorrect because the tension in the string is a function of the gravitational force acting on the
pendulum mass and the changes in the angle of displacement from the pendulum's equilibrium position.

Option C is incorrect because the earth's gravitational field is a force rather than a form of energy and acts
only to convert the gravitational potential energy of the pendulum into kinetic energy.

Option D is incorrect because the kinetic energy of an object decreases as its velocity decreases.

34 TExMaT Preparation Manual—Master Science Teacher 4-8



Competency 004
Which of the following procedures should
be carried out before using a pH meter to
measure the pH of a liquid at room
temperature?

A. Dilute the liquid to be measured to
the pH range recommended for the
particular pH meter.

B.  Calibrate the pH meter with liquids
of known pH.

C.  Leave the liquid out for a period of
several hours to allow volatile gases
to evaporate.

D.  Adjust the pH meter based on the
electrical conductivity of the liquid.

Option B is correct because all scientific measurements are based on a comparison of an unknown
quantity or dimension with a commonly accepted standard unit of measurement.

Option A is incorrect because diluting the solution would change the pH of the solution.

Option C is incorrect because the exchange of gases and the evaporation of water could alter the
pH of the solution.

Option D is incorrect because a measurement of the overall electrical conductivity of a solution does
not directly correlate with a measurement of the pH of a solution.
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Competency 005
A cell containing a 5% saline solution is
placed into a 3% saline solution. Which
of the following statements accurately
describes the effect on the cell?

A.  The net movement of dissolved
particles will be out of the cell,
causing the cell to shrink.

B.  The net movement of dissolved
particles will be into the cell,
causing the cell to swell.

C. The net movement of water will be
out of the cell, causing the cell to
shrink.

D. The net movement of water will be
into the cell, causing the cell to
swell.

Option D is correct because, during osmosis, water molecules enter the cell through the cell membrane
by diffusion until the percent salinity inside the cell is the same as outside the cell, thus increasing the
amount of water inside of the cell.

Option A is incorrect because reducing the concentration of dissolved ions inside the cell would occur
during the active transport of ions out of the cell through the cell membrane, which requires energy.

Option B is incorrect because the active transport of dissolved ions into the cell would increase the
difference in the percent salinity rather than equalize the percent salinity.

Option C is incorrect because passive transport of water out of the cell would increase the difference
in the percent salinity rather than equalize the percent salinity.
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Competency 006
The environment most directly affects the
evolutionary adaptation of species or
populations by influencing:

A.  the reproductive success of
individuals.

B.  the growth and development of
individuals.

C.  the social behaviors that support
group success.

D. the carrying capacity of a particular
habitat.

Option A is correct because individuals best adapted to the specific conditions in the environment will
be more likely to survive and reproduce than other less well-adapted individuals in the population.

Option B is incorrect because environmental influences on the growth and development of individuals
do not alter the genes of an individual.

Option C is incorrect because social behaviors that support group success do not necessarily result in
adaptations unless they affect the reproductive success of individuals in the group.

Option D is incorrect because the carrying capacity of a habitat influences the size of the population and

does not necessarily determine which individuals in a population survive to reproduce.
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Competency 007
The remora is a fish that attaches itself to
a shark by means of a suction disk in order
to be able to eat the remnants of the
shark's food that float past. While this
relationship directly benefits the remora,
it has neither a harmful nor beneficial
effect on the host shark. This type of
relationship between these two different
species is typically referred to as:

A. commensalism.
B.  competition.
C. mutualism.

D. parasitism.

Option A is correct because it describes a symbiotic relationship in which one organism benefits from
the relationship without influencing the behavior or survival of the other organism.

Option B is incorrect because the shark provides access to a food supply to another organism without
a reduction in its own food supply.

Option C is incorrect because the shark and the remora do not have a mutually beneficial relationship
with each other.

Option D is incorrect because neither organism is harmed to any extent in the relationship.
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Competency 008
Use the diagram below to answer the
question that follows.

U-tube
glass tube
one-hole
stopper two-hole
stopper
Flask A Flask B

The diagram above shows the apparatus
for an experiment in which students fill
Flask A with yeast, sugar, and water.
Flask B is filled with bromthymol blue,
which changes color when exposed to
carbon dioxide. This experiment would
best demonstrate which of the following
processes to students?

A. distillation
B. neutralization
C. fermentation

D. carbonization

Option C is correct because carbon dioxide is one product of the chemical reaction that occurs during the
fermentation of sugar.

Option A is incorrect because distillation is the process of separating components of a mixture based on
differences in physical properties.

Option B is incorrect because neutralization is the process of an acid reacting with a base to produce an
end point pH.

Option D is incorrect because carbonization is the process converting a chemical compound containing
carbon into a residue consisting principally of carbon.
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Competency 009
Which of the following best describes the
primary mechanism driving the movement
of tectonic plates?

A.  the gravitational pull of the sun and
the moon on Earth

B.  the centripetal force produced by the
rotation of Earth on its axis

C. the convection currents in Earth's
mantle

D. the spinning of Earth's inner core

Option C is correct because the unequal heating of magma beneath Earth's lithosphere causes some of the
magma to expand and rise toward Earth's surface while cooling magma in other locations becomes more
dense and sinks into Earth's interior. These motions create convection currents that are believed to drive
tectonic plate movements.

Option A is incorrect because the influence of the gravitational pull of the sun and the moon on Earth's
tectonic plates is insignificant.

Option B is incorrect because centripetal force is a center-directed force that causes an object to follow
a curved path, such as Earth's gravitational pull, and is not a primary cause of the movement of tectonic

plates.

Option D is incorrect because the rotational motion of Earth's inner core is not transferred directly to
Earth's tectonic plates and would not account for the variety of directions of tectonic plate movements.
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Competency 010
A river flows through a valley with homogeneous sandy soils. If the climate is moderately wet,
which of the following cross sections best represents the relationship between the water table
and the river in this watershed?

A. B.

water table

water table

water table

Option C is correct because in a moderately wet climate the water table in a sandy soil follows the surface
contours as water from precipitation percolates into the soil.

Option A is incorrect because it does not account for the contribution from precipitation percolating
through the overlying sandy soils.

Option B is incorrect because the depicted water table profile does not account for the percolation of
precipitation through soils in a moderately wet climate and there is no suggested cause for the dropoff in

the water table away from the river.

Option D is incorrect because in a homogeneous sandy soil there would be no reason for a sudden drop in
water table in the immediate vicinity of the river.
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Competency 011

Which of the following best explains
why one side of the moon always
faces toward Earth, while the other
side always faces away from Earth?

A.

The moon revolves around
Earth at the same speed as Earth
revolves around the sun.

Earth completes a rotation once
every 24 hours, while the
moon's rotation takes
approximately a year.

The moon rotates once on its
axis each time it completes a
single orbit of Earth.

Earth and the moon each rotate
about their axes at the same
speed but in opposite directions.

Option C is correct because it describes the only relationship between the moon's period of rotation and
its orbital period that would result in the far side of the moon always facing away from Earth.

Option A is incorrect because the description does not refer to the moon's period of rotation, which is
a factor in determining the view of the moon's surface from Earth.

Option B is incorrect because Earth's daily rotation would cause an observer to see the moon from a
slightly different angle each time Earth revolved on its axis if the moon took a full year to orbit Earth.

Option D is incorrect because it does not refer to the moon's orbital period, which is a factor in
determining the view of the moon's surface from Earth.
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Competency 012
Students using a sling psychrometer
record the temperatures of the dry bulb
and wet bulb thermometers. Which of the
following information would most likely
be recorded on a very humid day?

A.  adry bulb temperature lower than
the actual air temperature

B.  awet bulb temperature lower than
the actual air temperature

C. large differences in dry bulb and
wet bulb temperatures

D.  small differences in dry bulb and
wet bulb temperatures

Option D is correct because the rate of evaporation of water from the wet cloth on the surface of the
wet bulb thermometer would be relatively slow on a humid day, when the atmosphere contains a high
percentage of water vapor. Therefore, very little thermal energy, required for the evaporation process,
would be absorbed from the surface of the wet bulb thermometer.

Option A is incorrect because the dry bulb temperature reflects the actual air temperature.

Option B is incorrect because the evaporation of water from the surface of a wet bulb thermometer
absorbs rather than releases thermal energy.

Option C is incorrect because on a humid day very little evaporation would occur from the cloth surface

of the wet bulb thermometer. In order for there to be a larger difference in the dry and wet bulb

temperature readings, a high rate of evaporation of water from the surface of the wet bulb thermometer

would have to occur.
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Competency 013
Which of the following subsequent
scientific developments helped improve
the agreement between Copernicus's
model of the solar system and the
observed behavior of the planets?

A.  Newton's laws of motion
B.  Einstein's theory of relativity
C. Kepler's theory of elliptical orbits

D. Halley's prediction of comet orbits

Option C is correct because Kepler's determination of the mathematical characteristics of planetary orbits
was based on the decades of planetary data collected by Tycho Brahe. Even though it was Copernicus
who proposed the theory first, it was Kepler who demonstrated how a heliocentric model based on
elliptical planetary orbits corresponded with observations made by Tycho Brahe.

Option A is incorrect because Newton's determination of the amount of gravitational force that keeps an
object in orbit applies to geocentric systems as well as heliocentric systems and would not have by itself
helped resolve the inconsistencies between Copernicus's heliocentric model and Tycho Brahe's careful
observations.

Option B is incorrect because Einstein's development of theories of relativity served to resolve conflicts
between electromagnetic theory and Newtonian mechanics rather than conflicts between geocentric and

heliocentric models of the solar system.

Option D is incorrect because Halley's work focused on the orbits of comets that potentially could orbit
around Earth and did not focus on planetary motion.
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Competency 014
Use the information below to answer
the question that follows.

A mammal lives in a cold environment.
Receptors in its skin send temperature
information to the brain. The brain sends
a signal to muscles which alternately
contract and relax, causing the animal to
shiver. The shivering produces heat.
Receptors in the skin send temperature
information to the brain indicating that
enough heat has been produced by the
shivering. The animal stops shivering.

Which of the following terms best
describes this process by which a system's
output is monitored and then altered as
necessary?

A.  feedback loop

B.  inhibitory response

C. remote sensing

D. neural integration

Option A is correct because a feedback loop accurately describes the mechanism by which the warming
response initiated by the brain is inhibited once the brain receives signals that sufficient warming has
occurred. In this way, sensory information feeds back into the system to regulate the mammal's body
temperature.

Option B is incorrect because it describes a process by which a response of a system in an organism is
suppressed.

Option C is incorrect because it describes a method by which an impulse is received and interpreted.

Option D is incorrect because it describes the process of neurons' receiving both inhibitory and excitatory
responses from other neurons.
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Competency 015
A sixth-grade student reads in a book that
no two snowflakes are exactly alike, but
she does not believe it. She tells her
teacher that she can prove that the book is
wrong. A second student remarks that the
first student will never find two identical
snowflakes because scientists have already
studied the question and have been unable
to find two identical snowflakes. This
discussion demonstrates that the students
are having difficulty understanding which
of the following assumptions underlying
the practice of science?

A. Intuition is an effective starting
point for investigating the
plausibility of a hypothesis.

B.  Negative evidence neither proves
nor disproves a theory or
hypothesis.

C.  Observation of nature may reveal
the underlying cause of a particular
phenomenon.

D.  Science requires experimental
evidence to verify a hypothesis.

Option B is correct because data that are collected to disprove a theory or revise a hypothesis is only
a sampling of all of the potential data that may exist. Therefore, negative evidence cannot be used to
disprove a theory or revise a hypothesis.

Option A is incorrect because the student's intuitive sense that there may be identical snowflakes that
have not yet been discovered is a legitimate motivation for scientific inquiry.

Option C is incorrect because, although observation may reveal important information about snowflake
shape that has not yet been revealed, both students accept that observation is central to answering the
question.

Option D is incorrect because both students accept that some sort of evidence would be necessary to
support or revise the hypothesis that no two snowflakes are alike. One student believes adequate
evidence has already been assembled to demonstrate the hypothesis, while the other is skeptical and
believes further evidence could be found to prove her point.
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Competency 015
A seventh-grade student has submitted the
research question, "What is the effect of
agricultural and urban runoff on Galveston
Bay?" Her teacher asks her to refine her
research question. Which of the following
questions would allow the student to
design and conduct a more focused
investigation?

A.  How has the water chemistry in
Galveston Bay changed as the area
has been developed?

B.  Which causes more damage to
organisms living in Galveston Bay:
urban or agricultural runoff?

C.  How do increased nitrate levels
affect plant growth in Galveston
Bay and other estuaries?

D.  What will be the long-term affects
of not controlling agricultural and
urban runoff in Galveston Bay?

Option C is correct because the question, "How do increased nitrate levels affect plant growth in
Galveston Bay and other estuaries?" suggests a focus principally on the influences of a specific
contaminate on the growth of plants in estuaries. This limits the student's research to a specific
testable question.

Option A is incorrect because the question posed suggests that the scope of the research will include
all of the changes in the chemistry of Galveston Bay, an unrealistic task for a seventh-grade research
project.

Option B is incorrect because the question posed suggests that the research will include the study of
both urban and agricultural influences on the chemistry of Galveston Bay. Distinguishing the various
influences of these two different pollution sources would be very difficult and is an unreasonable task
for a seventh-grade research project.

Option D is incorrect because the question posed suggests that the student will model future influences
of both urban and agricultural runoff in Galveston Bay. Modeling future trends of contaminant runoff

into Galveston Bay and identifying its potential effects present a project beyond the scope of a seventh-
grade research project.
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Competency 016
Bacterial colonies were grown on plated
media as part of an experiment. What
disposal strategy would be most appro-
priate for the used plates?

A.  Apply antibiotics to the plates
before disposing of them.

B.  Sterilize the plates before disposing
of them.

C.  Wash the plates with soap and water
before disposing of them.

D. Dispose of the plates immediately in
a separate waste bag.

Option B is correct because sterilization of the plates is the only procedure that would effectively
destroy the bacterial colonies.

Option A is incorrect because there may be some strains of bacteria that are resistant to the applied
antibiotics and the use of antibiotics for such a purpose could stimulate the development of resistant

strains. Legal and financial considerations would also make this impractical.

Option C is incorrect because soap and water may not remove all the bacteria on the material of the
culture media and washing the plates would release bacteria into the wastewater system.

Option D is incorrect because the waste bag may provide an environment in which the bacterial
colonies can grow.
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Competency 021
Several weeks into the school year, a
novice teacher is assigned to a class after
the original teacher had to take an
unplanned leave of absence due to illness.
When the Master Science Teacher arrives
at the teacher's classroom to meet her, he
observes that the students are noisy and
seem to be off-task. In this situation,
which of the following would be the most
appropriate action for the Master Science
Teacher to take?

A. advising the teacher on how to gain
control of her class

B.  introducing himself to the teacher
and asking if she would like his
assistance

C.  reprimanding the students for their
poor behavior

D.  reporting the situation to the
administrator in charge of discipline
for the school

Option B is correct because it encourages communication between the teacher and the Master Science
Teacher that can result in a constructive relationship and promote the role of the Master Science Teacher
as a mentor and not as a supervisor.

Option A is incorrect because it suggests that the teacher will be instructed rather than be given an
opportunity to be more fully involved in an assessment and discussion of classroom dynamics and
teaching strategies.

Option C is incorrect because reprimanding the students without consulting with the teacher potentially
undermines the teacher's authority in the classroom, while placing the Master Science Teacher in the
role of supervisor instead of mentor.

Option D is incorrect because by reporting the situation to an administrator, the Master Science Teacher

is not establishing an interactive relationship with the teacher and is not helping foster a more positive
relationship between the teacher and her students.
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Use the information below to answer
the two questions that follow.
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The time-distance graph above plots the
distance a vehicle travels over a certain
amount of time.

Competency 020
Which of the following scenarios would
best fit the pattern displayed in the time-
distance graph?

A.  The vehicle travels at 25 km/h, then
stops while the driver has lunch, and
then continues the trip at 50 km/h.

B.  The vehicle travels at 50 km/h, then
stops while the driver has lunch, and
then continues the trip at 25 km/h.

C.  The vehicle travels at 25 km/h, then
stops while the driver has lunch, and
then continues on at 25 km/h.

D.  The vehicle travels at 50 km/h, con-
tinues at 50 km/h, and then stops
while the driver has lunch.

Option B is correct because the vehicle travels 100 kilometers during the first two hours of the trip,
remains stationary for the next three hours, and travels 50 kilometers during the final two hours of the
trip.

Option A is incorrect because it describes a situation in which the speed during the first two hours of the
trip is less than the speed during the final two hours of the trip.

Option C is incorrect because it describes a situation in which the speed during the first two hours of the
trip is the same as the speed during the last two hours of the trip.

Option D is incorrect because it describes a situation in which the vehicle maintains a speed of 50 km/h
during the first two portions of the trip and is not moving during the third portion of the trip.
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Competency 020
During which of the following time
intervals shown on the time-distance
graph does the vehicle reach its highest

speed?

A.  0-1 hours
B.  2-3 hours
C.  4-5hours
D.  6-7 hours

Option A is correct because the maximum speed of the vehicle is maintained during the described
time period.

Options B and C are incorrect because they represent time periods during which the vehicle is not
moving.

Option D is incorrect because it represents a time period when the vehicle is traveling at less than
its maximum speed.
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Additional Sample Multiple-Choice Items and Answer Key

This section presents additional sample multiple-choice items for you to review in preparation for the test.
The competency number that each item measures is also listed in order to demonstrate how each
competency may be assessed. You may wish to read the competency before and after you consider each
sample item. Please note that the competency numbers will not appear on the actual test form.

An answer key is also provided and follows the additional multiple-choice items. The answer key lists
the correct answer for each sample test item. Please note that the answer key also lists the competency
assessed by each item and that the sample items are not necessarily presented in competency order.

The sample items are included to illustrate the formats and types of items you will see on the test;
however, your performance on the sample items should not be viewed as a predictor of your

performance on the actual examination.

Competency 001
1. All of the elements in a particular group in
the periodic table of elements have similar
physical and chemical properties. Which
of the following best explains why this is
true?

A.  All of the elements in a group have
the same number of protons.

B.  All of the elements in a group have
the same number of neutrons.

C.  All of the elements in a group have
the same number of valence
electrons.

D.  All of the elements in a group have
the same number of valence
neutrons.

Competency 002

2.

A person is sitting on the edge of a merry-
go-round that is turning at a constant
speed. In this situation, the centripetal
force:

A.  is constant in both magnitude and
direction.

B.  changes magnitude but is constant
in direction.

C.  isconstant in magnitude but
changes direction.

D.  changes both magnitude and
direction.
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Competency 002 Competency 003
3. Use the diagram below to answer the 5. Which of the following diagrams correctly
question that follows. illustrates the passage of light rays through
a converging lens?

The diagram above represents two blocks
with different masses stacked on a table.
Either block may have the greater mass.
Which of the following is a true statement
about the upward force on each block?

A.  The upward force on the upper
block is less than the upward force
on the lower block. B.

B.  The block in the upper position has
the greater upward force.
C.  The upward force on the upper —_—
block is equal to the upward force
L\
53

D.  The block with the greater mass has
the greater upward force.

on the lower block.
Competency 003
4.  Two graphite-coated spheres located
20 cm apart are electrostatically charged.
If the distance between the two charged
spheres is reduced to 10 cm, the repulsive
force between the two spheres will:

A.  stay the same.

B. double.

C. triple.

D.  quadruple.
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Competency 004
Use the diagram below to answer the question that follows.

54

6.

coil of thin
copper wire

magnet

styrofoam cup

battery

connecting
wires

The device shown in the diagram abov