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Job Analyses of the Knowledge Important
For Newly Licensed (Certified) Chemistry and Physics Teachers

Richard J. Tannenbaum
Executive Summery

Two job analysis studies were conducted to -define knowledge domains important for newly
licensed (certified) chemistry and physics teachers, respectively, to perform their jobs in a
competent manner. The results of the job analyses will be used to develop test specifications for
the Praxis II Subject Assessments in Chemistry and Physics.

Initial draft domains of important knowledge statements were constructed by ETS Test
Development staff with expertise in chemistry and physics and ETS Research staff with expertise
in job analysis. In the process of developing these drafts, the ETS subject-matter experts
reviewed previous National Teacher Examination (NTE) chemistry and physics test
specifications, state licensure (certification) requirements, and relevant professional literature.

The draft domain for chemistry consisted of eight major content areas partitioned into
various subareas and 162 specific knowledge statements. The eight major content areas were:
(1) Chemistry as an Experimental Science, (2) Organization of Matter, (3) Chemical Bonding
and Molecular Geometry, (4) The Kinetic Theory and States of Matter, (5) Thermodynamics
and Chemical Reactions, (6) Solutions and Solubility, (7) Environmental/Societal Issues
Related to Chemistry, and (8) Pedagogy Specific to Chemistry.

The draft domain for physics consisted of nine major content areas also partitioned into
various subareas and 160 specific knowledge statements. The nine major content areas were:
" (1) Properties and States of Matter, (2) Mechanics, (3) Heat and Thermodynamics, (4)
Electricity and Magnetism, () Wave Motion, (6) Atomic and Nuclear Physics, (7)
Environmental/Societal Issues Related to Physics, (8) Mathematical and Measurement Skills,
and (9) Pedagogy Specific to Physics.

After the draft domains were constructed each was mailed to a different panel of nine
external subject-matter experts (one panel with content expertise in chemistry received the
chemistry domain and the other with content expertise in physics received the physics domain).
These subject-matter experts were secondary school teachers and teacher educators. The
purpose of each External Review Panel was to review the draft domain in terms of: (1) the
appropriateness of the overall structure (i.e., do the major content areas adequately define the
important components of the knowledge domain) and (2) the appropriateness of the specific
knowledge statements and their completeness and clarity.” Revisions suggested by the panels,
including additions and deletions of content areas and knowledge statements, were obtained via
telephone interviews conducted by ETS Research staff. Based upon the compiled suggestions
some reorganization of the domains occurred.
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The structure of the chemistry domain was modified to include eight new major content
areas partitioned into various subareas and 156 specific knowledge statements. The eight new
major content areas were: (1) Scientific Methodology/Technology/History (which incorporated
content from the original area Chemistry as an Experimental Science); (2) Basic Tepics in
Physical Science (which included content from the original areas Organization of Matter;
Kinetic Theory and States of Matter; and Thermodynamics and Chemical Bonding Reactions);
(3) Chemical Periodicity; (4) Nomenclature; (5) The Mole, Chemical Bonding, and Molecular
Geometry; (6) Biochemistry; (7) Science, Technology, and Society (which included the content
from the original area Environmental/Societal Issues Related to Chemistry); and (8) Pedagogy
Specific to the Physical Sciences.

The structure of the physics domain was modified to include eight new major content areas
partitioned into various subareas and 160 specific knowledge statements. The eight new major
content areas were: (1) Scientific Methodology/Technology/History (which included content
that originally was part of the area Mathematical and Measurement Skills); (2) Basic Topics in
Physical Science (which incorporated content from the original areas Properties and States of
Matter and Heat and Thermodynamics); (3) Mechanics; (4) Electricity and Magnetism; (5)
Waves; (6) Modern Physics (which incorporated the original area Atomic and Nuclear Physics);
(7) Science, Technology, and Society (which included the content from the original area
Environmental/Societal Issues Related to Physics); and (8) Pedagogy Specific to the Physical
Sciences.

The revised draft domains were then reviewed by an Advisory/Test Development
Committee. This committee consisted of secondary school teachers, teacher educators, and a
district administrator with expertise in both chemistry and physics. One committee was formed
because of the large degree of overlap in the knowledge domains of chemistry and physics. The
purpose of this committee was to modify the draft domains so that they accurately reflected
what the members of the committee believed were the knowledge important for new licensed
(certified) chemistry and physics teachers. This modification process occurred during a four-day
meeting held at ETS. The outcomes of the modification included only minor wording changes
and the additional deletion of some knowledge statements.

The revised domains were then subject to verification/refutation through national surveys
of chemistry and physics education professionals (i.e., teachers, teacher educators, and state
administrators). The chemistry education professionals received the chemistry knowledge
domain; and the physics education professionals received the physics knowledge domain. The
participants were asked to rate the specific knowledge statements in terms o importance for and
level of understanding needed by newly licensed (certified) chemistry and physics teachers. '

Three types of data analysis were conducted to support the development of content valid
(content relevant) test specifications for the Subject Assessments in chemistry and physics:
(1) means were computed of the importance ratings for each knowledge statement by the groups
of education professionals and by the appropriate subgroups of respondents; (2) correlations of
the profiles of these mean importance ratings were computed across the groups of education
professionals and within the appropriate subgroups of respondents; and (3) percents were
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computed across each of the five response categories associated with the level of understanding
rating scale for each knowledge statement. These percents were computed at the aggregate
level of the survey respondents to provide more easily interpretable, and therefore, useful
information to the Advisory/Test Development Committee. To be included in the mean and
correlational analyses, a respondent category was required to have at least 30 respondents (e.g.,
> 30 state administrators, = 30 females). This is a necessary condition to ensure that the

computed mean values are accurate estimates of the corresponding population mean values
(Walpole, 1974).

A mean importance rating cutpoint of 2.50 (midpoint between moderately important and
importarit) was established to designate knowledge statements as eligible (2 2.50) or ineligible
(< 2.50) for inclusion in the development of test specification.

Study 1: Chemistry

The results of the mean analysis conducted by teachers and teacher educators (there were
no respondents identified as state administrators) indicated 60 knowledge statements were rated
less than 2.50. This represents 33% of the content domain. Five additional knowledge
statements were rated below 2.50 by two of the subgroups (geographic region and teaching
experience) of respondents. In total, 65 of the 181 statements (36%) did not meet the 2.50
criterion for inclusion. Still, however, 64% of the domain (116 statements) is eligible for
inclusion in the development of test specifications. :

The computation of correlation coefficients to assess agreement in terms of perceived
relative importance of the knowledge statements indicated a very high level of agreement. The
coefficient for the comparison between teachers and teacher educators was .92; the coefficients
for the subgroup comparisons all exceeded .90.

The 116 knowledge statements that were verified to be important by the surveyed teachers,
teacher educators, and the subgroups should be used as the foundation for the development of
test specifications. Test specifications that are linked to the results of a job analysis provide
support for the content validity of the derived assessment mezsures and may be considered as
part of an initial step in ensuring the fairness (to subgroups of chemistry teacher candidates) of
the derived assessment measures. [t is reasonable to assume that, due to testing and
psychometric constraints (e.g., time limits, ability to measure reliably some content), not all of
the verified content may be included on the assessment measures. One source of information
that may be used to guide the Advisory/Test Development Committee in its decision of what
verified content to include on the assessment measures is the mean importance rating.
Although a rank ordering of the content by mean importance rating is not implied, it is
recommended that initial consideration be given to content that is well above the cutpoint and
represents the appropriate breadth of content coverage.
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The results of the analysis of the level of understanding rating scale indicated that 40% of
the knowledge statements should be measured between the levels of comprehension and
application [utilization; and an additional 48% should be measured between the levels of
application futilization and analysis.

Evidence was also provided in this study of judged importance of the eight major content
areas and the comprehensiveness of the knowledge domain. These two pieces of information
have implications for the adequacy of the chemistry knowledge domain. If the domain was
adequately defined then each major content area should have been judged to be important and
well covered. The results support the adequacy of the defined knowledge domain. With respect
to importance (see Table 1), both teachers and teacher educators judged the same four content
areas to be important and one or the other group judged the remaining content areas to be
moderately important or important. With respect to content coverage (see Table 5), the
teachers judged six content areas to be well covered and two to be between adequately covered
and well covered. The teacher educators judged two content areas to be well covered and six to
be between adequately covered and well covered.

Study 2: Physics

The results of the mean analysis conducted by teachers and teacher educators (there were
no respondents identified as state administrators) indicated 56 knowledge statements were rated
less than 2.50. This represents 30% of the knowledge domain. Four additional knowledge
statements were rated below 2.50 by two of the subgroups (sex and teaching experience) of
respondents. In total, 60 of the 184 statements (33%) did not meet the 2.50 criterion for
inclusion. Still, however, 67% of the domain (124 statements) is eligible for inclusion in the
development of test specifications.

The computation of correlation coefficients to assess agreement in terms of perceived
relative importance of the knowledge statements indicated a very high level of agreement. The
coefficient for the comparison between teachers and teacher educators was .91; the coefficients
for the subgroup comparisons all exceeded .90.

The 124 knowledge statements that were verified to be important by the surveyed teachers,
teacher educators, and the subgroups should be used as the foundation for the development of
test specifications. Test specifications that are linked to the results of a job analysis provide
support for the content validity of the derived assessment measures and may be considered as
part of an initial step in ensuring the fairness (to subgroups of physics teacher candidates) of the
derived assessment measures. It is reasonable to assume that, due to testing and psychometric
constraints (e.g., time limits, ability to measure reliably some content), not all of the verified
content may be included on the assessment measures. One source of information that may be
used to guide the Advisory/Test Development Committee in its decision of what verified
content to include on the assessment measures is the mean importance rating. Although a rank
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ordering of the content by mean importance rating is not implied, it is recommended that initial
consideration be given to content that is well above the cutpoint and represents the appropriate
breadth of content coverage.

The results of the analysis of the level of understanding rating scale indicated that 58% of
the knowledge statements should be measured between the levels of comprehension and
application Jutilization; and an additional 48% should be measured between the levels of
application futilization and analysis. '

Evidence was also provided in this study of the judged importance of the eight major
content areas and the comprehensiveness of the knowledge domain. These two pieces of
information have implications for the adequacy of the physics knowiedge domain. If the domain
was adequately defined then each major content area should have been judged to be important
and well covered. The results support the adequacy of the defined content domain. With
respect to importance (see Table 7), both teachers and teacher educators judged the same five
content areas to be important. Of the remaining three content areas, one was judged to be
important by the teacher educators and moderately important by the teachers; and two were
judged to be moderately important by both teachers and teacher educators. With respect to
content coverage (see Table 11), both teachers and teacher educators judged all eight content
areas to be well covered.
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: Job Analyses of the Knowledge Important
for Newly Licensed (Certified) Chemistry and Physics Teachers

Introduction

The Subject Assessments in the Sciences of The Praxis Series: Professional Assessments
for Beginning Teachers™ offer a multiple-choice core test and one or more candidate-
constructed-response modules. The optional modules include Content Area Performance
Assessments that allow candidates to demonstrate in-depth understanding of the subject and
Content-Specific Pedagogy modules to demonstrate knowledg about teaching the subject. The
Praxis Series can be used by state agencies as one of severa! criteria for initial teacher licensure
(certification). Two of the Subject Assessments in the Sciences cover the physical sciences of
chemistry and physics. To identify the content domains of these examinations and to support
the content validity (content relevance) of these examinations, two job analysis studies were
conducted of the knowledge important for newly licensed (certified) chemistry and physics
teachers, respectively. This report will describe the job analysis studies. In particular, it will
present the (1) methods used to identify and define the job-related knowledge, (2) types of
statistical analysis conducted, (3) results of these analyses, and (4) implications of the results for
developing test specifications.

Standards for Educational and Psychological Testing

The Standards for Educational and Psychological Testing (1985) is a comprehensive technical
guide that provides criteria for the evaluation of tests, testing practices, and the effects of test
use. It was developed jointly by the American Psychological Association (APA), the American
Educational Research Association (AERA), and the National Council on Measurement in .
Education (NCME). The guidelines presented in the Standards have, by professional consensus,
come to define the necessary components of quality testing. As a consequence, a testing

program that adheres to the Standards is more likely to be judged to be valid (defensible) than
one that does not.

There are two categories of criteria within the Standards, primary and secondary. Those
classified as primary "should be met by all tests . . . unless a sound professional reason is
available to show why it.is not necessary, or technically feasible, to do so in a particular case.
Test developers and users . . . are expected to be able to explain why any primary standards
have not been met" (AERA/APA/NCME, 1985, p. 2). One of the primary standards is that the
content domain of a licensure or certification test should be defined in terms of the importance
of the content for competent performance in an occupation. "Job analyses provide the primary
basis for defining the content domain."” (p. 64).

The use of job analysis to define the content domain is a critical component in establishing
the content validity of licensure and certification examinations. Content validity is the principle
validation strategy used for these examinations. It refers to the extent to which the content
covered by an examination overlaps with the important components (tasks, knowledge, skills, or
abilities) of a job (Arvey & Faley, 1988). Demonstration of content validity is accomplished

v
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through the judgments of subject-matter experts. It is enhanced by the inclusion of large
numbers of subject-matter experts who represent the wide range of relevant areas of expertise
(Ghiselli, Campbell, & Zedeck, 1981). The lack of a well-designed job analysis is frequently
cited (by the courts) as a major cause of test invalidity.

Job Analysis

Job analysis refers to procedures designed to obtain descriptive information about the tasks
performed on a job and/or the knowledge, skills, and abilities thought necessary to perform
those tasks (Gael, 1983). The specific type of job information collected by a job analysis is
determined by the purpose for which the information will be used. For purposes of developing
licensure and certification examinations, a job analysis should identify the important knowledge
or abilities necessary to protect the public -- interpreted as the imporiance of the content for
competent performance in an occupation (Standards for Educationa. and Psychological Testing,
AERA/APA/NCME, 1985). In addition, a well-designed job analysis should include the
- participation of various subject-matter experts (Mehrens, 1987); and the data collected should be
representative of the diversity within the job. Diversity refers to regional or job context factors
and to subject-matter-expert factors such as race/ethnicity, experience, and sex (Kuehn, Stallings,
& Holland, 1990). The job analyses conducted for chemistry and physics were designed to be
consistent with the Standards and current professional practices.

Objectives of the Job Analysis Studies

The objectives of these studies were: (1) to construct comprehensive domains of
knowledge that are important for newly licensed (certified) chemistry and physics teachers; and
then (2) to obtain, using survey methodology, the independent judgments of two national
samples of chemistry and physics educational professionals (i.e., teachers, teacher educators,
state administrators) to verify or refute the importance of the domains. The
verification/refutation component serves a critical role to ensure that the domains (in whole or
in part) are judged to be relevant to the job of newly licensed (certified) chemistry and physics
teachers by a wide range of education professionals. Knowledge that is verified to be important
will be used in the development of test specifications for The Praxis II Subject Assessments in
the Sciences.

Method

In overview, the methodology consisted of defining the knowledge important for newly
licensed (certified) chemistry and physics teachers to perform their jobs in a competent manner.
This was accomplished first by having subject-matter experts define knowledge domains
important for newly licensed (certified) chemistry and physics teachers and then by presenting
these judgments for verification or refutation through national surveys of chemistry and physics
education professionals. The chemistry education professionals received the chemistry
knowledge domain; and the physics education professionals received the physics knowledge
domain. The verification/refutation aspect of the survey approach functions as a "check and
balance" on the judgments of the subject-matter experts and reduces the likelihood that
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unimportant knowledge will be included in the development of the test specifications. The
survey participants were chemistry and physics teachers, teacher educators, and state
administrators whose names were obtained from the memberships of the (1) American
Chemical Society, (2) American Association of Physics Teachers, and (3) National Science
Teachers Association. The participants were asked to rate specific knowledge stateraents in
terms of importance for and level of understandmg needed by newly licensed (certified) chemistry
and physics teachers to perform their jobs in a competent manner. The specific steps in the jOb
analyses are described below.

Build Draft Domains of Knowledge

The first step in the process of conducting the job analyses was to construct preliminary
knowledge domains. These drafts would function as the initial definition of the knowledge
domains of newly licensed (certified) chemistry and physics teachers. The domains were
constructed by Educational Testing Service (ETS) Test Development staff with subject-matter
expertise in chemistry and physics and ETS Research staff with expertise in job analysis. In the
process of developing these drafts, the ETS subject-matter experts reviewed previous National
Teacher Examination (NTE) chemistry and physics test specifications, state licensure
(certification) requirements, and relevant professional literature.

The draft domain for chemistry consisted of eight major content areas partitioned into
various subareas and 162 specific knowledge statements. The eight major content areas were:
(1) Chemistry as an Experimental Science, (2) Organization of Matter, (3) Chemical Bonding
and Molecular Geometry, (4) The Kinetic Theory and States of Matter, (5) Thermodynamics
and Chemical Reactions, (6) Solutions and Solubility, (7) Environmental/Societal Issues
Related to Chemistry, and (8) Pedagogy Specific to Chemistry.

The draft domain for physics consisted of nine major content areas also partitioned into
various subareas and 160 specific knowledge statements. The nine major content areas were:
(1) Properties and States of Matter, (2) Mechanics, (3) Heat and Thermodynamics, (4)
Electricity and Magnetism, (5) Wave Motion, (6) Atomic and Nuclear Physics, (7)
Environmental/Societal Issues Related to Physics, (8) Mathematical and Measurement Skills,
and (9) Pedagogy Specific to Physics.

Review of Draft Domains by External Review Panels

After the draft domains were constructed each was mailed to a different panel of nine
external subject-matter experts (one panel with content expertise in chemistry received the
chemistry domain and the other with content expertise in physics received the physics domain).
These subject-matter experts were secondary school teachers and teacher educators and had
representation by sex and geographic region (see Appendix A for list of members). The
purpose of each External Review Panel was to review the draft domain in terms of: (1) the
appropriateness of the overall structure (i.e., do the major content areas adequately define the
important components of the knowledge domain) and (2) the appropriateness of the specific
knowledge statements and their completeness and clarity. In addition, the members of the

Educational Testing Service, ETS and the ETS logo are registercd tradcmarks of Educational Testing Service.  The Praxis Series:
Professional Assessments for Beginning Tcachers and its design logo are trademarks of Educational ‘Testing Service.

3

18




panels were asked to identify other knowledge that they believed should be added to the
domain. The recommendations of the panels were obtained via telephone interviews conducted
by ETS Research staff. ETS Test Development staff then reviewed the compiled
recommendations of the panels. Based upon the suggested revisions of the panels and Test
Development staff’s re-evaluation of the domains, some reorganization occurred.

The structure of the chemistry domain was modified to include eight new major content
areas partitioned into various subareas and 156 specific knowledge statements. The eight new
major content areas were: (1) Scientific Methodology/Technology/History (which incorporated
content from the original area Chemistry as an Experimental Science); (2) Basic Topics in
Physical Science (which included content from the original areas Organization of Matter;
Kinetic Theory and States of Matter; and Thermodynamics and Chemical Bonding Reactions);
(3) Chemical Periodicity; (4) Nomenclsture; (5) The Mole, Chemical Bonding, and Molecular
Geometry; (6) Biochemistry; (7) Science, Technology, and Society (which included the content
from the original area Environmental/Societal Issues Related to Chemistry); and (8) Pedagogy
Specific to the Physical Sciences.

The structure of the physics domain was mo ified to include eight new major content areas
partitioned into various subareas and 160 specific knowledge statements. The eight new major
content areas were: (1) Scientific Methodology/Technology/History (which included content
that originally was part of the area Mathematical and Measurement Skills); (2) Basic Topics in
Physical Science (which incorporated content from the original areas Properties and States of
Matter and Heat and Thermodynamics); (3) Mechanics; (4) Electricity and Magnetism; (5)
Waves; (6) Modern Physics (which incorporated the original area Atomic and Nuclear Physics);
(7) Science, Technology, and Society (which included the content from the original area
Environmental/Societal Issues Related to Physics); and (8) Pedagogy Specific to the Physical
Sciences.

Advisory/Test Development Committee Meeting

Consistent with a content validity framework, the job analysis studies were designed io
obtain input from many subject-matter experts at several critical points in the domain definition
process. To this end, an Advisory/Test Development Committee of secondary school teachers
(n=5), teacher educators (n=2), and a district administrator was formed (see Appendix B for
list of members). This committee also had representation by race/ethnicity, sex, and geographic
region. One committee was formed because of the large degree of overlap in the knowledge
domains of chemistry and physics. The committee members, appropriately, had relevant
expertise in both chemistry and physics. The purpose of this committee was to review the draft
domains (both chemistry and physics) in terms of their overall structures, completeness,
appropriateness of the knowledge statements and clarity of wording. In addition, the members
were asked to identify other content areas and knowledge statements that they believed should
be added to the domains and to delete content areas and knowledge statements that they
believed should not be included in the domains. In essence, the members were asked to modify
the domains so that they accurately reflected what the committee believed were the knowledge
important for newly licensed (certified) chemistry and physics teachers. The committee also
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reviewed and approved the rating scales for the national surveys and the biographical data that
would be asked of the survey participants. The biographical data were collected to describe the
composition of those who returned completed surveys and to permit analysis of the survey
responses by various subgroups of respondents (e.g., males and females).

The revision process occurred during a four-day meeting held at ETS. The meeting was led
jointly by ETS Test Development and Research staff. (Prior to the meeting, the members of the
committee were mailed copies of both draft domains to review. They were informed about the
purpose of the meeting and asked to come prepared to discuss their reviews of the draft
domains.) During the course of the meeting, the domains were revised to reflect the consensus
of the committee. This resulted in minor wording changes and the addition and deletion of

~ some knowledge statements. However, no significant changes occurred in the structure of either
domain.

Pilot Test of the Job Analysis Surveys

Prior to the national administrations, the job analysis surveys were mailed to a small group
of chemistry and physics secondary school teachers and teacher educators. These pilot
participants were asked to review either the chemistry or physics survey for clarity of wording
and instruction, ease of use, and comprehensiveness of content coverage. They were asked to
make their comments on a questionnaire that accompanied the survey and to mail the
questionnaire and survey back to ETS in a postage-paid envelope. No significant revisions were
suggested by the pilot participants. '

Final Format of the Job Analysis Surveys

The finalized job analysis surveys (see Appendix C for copies of the surveys) consisted of
three parts. Part I of each survey included the content areas and specific knowledge statements.
Space was also provided for respondents to add knowledge statements that they believed should
be included in the domain. In addition, the respondents were asked to rate, using a S-point
scale, how well the knowledge statements within a major content area covered the important
aspects of that major content area. This provides an indication of content coverage. The eight
major content areas that defined the chemistry domain included 181 specific knowledge
statements and eight overall content area importance statements. The eight major content
areas that defined the physics domain included 184 specific knowledge statements and eight
overall content area importance statements. The knowledge statements were judged using two
rating scales. (The same rating scales were used in each survey, except for the substitution of
the terms chemistry and physics. For illustrative purposes, the scales for chemistry are
presented below.) One was an importance scale:
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How impontant is an understanding of this knowledge area for newly licensed (centified) chemistry teachers
if they are to perform their jobs in a competent manner?

(0) Of no importance
(1) Of little importance
(2) Moderately impontant
(3) Important

(4) Very impontant

This scale is consistent with the Standards emphasis on identifying a content domain that is
important for competent job performance. The other scale addressed the level of understanding
needed for competent job performance:

What level of understanding is typically needed by newly licensed (centified) chemistry teachers in each
knowledge area?

(0) An understanding of the conltent area is not needed
(1) Requires the ability to define the terms used in the knowledge area
(2) Requires the ability to comprehend the essential properties of the knowledge area

(3) Requires the ability to apply/utilize the knowledge area to address problems or
questions

(4) Requires the ability to gnalyze the knowledge area into component parts and
explain the interrelationships among the parts

This rating scale was designed to provide Test Development staff, responsible for developing test
specifications, with information that may assist in their decisions about the level of cognitive
complexity that should be represented on the specifications. Both of these rating scales were
reviewed and approved by the Advisory/Test Development Committee.

Part I of each survey asked the participants to indicate the relative weight that each of
the major content areas should receive on the examination. This was accomplished by their
distributing 100 total points across the major content areas. These point distributions were
easily converted into percentages, representing the percent of items that the survey respondents
believed should be devoted to each area.

Part III of each survey was the background information section. The survey participants
were asked to respond to several questions that described their demographic makeup (e.g,,
teaching experience, age, sex, race/ethnicity). This information was used to describe the survey
respondents and to perform relevant subgroup analyses.

Administration of the Job Analysis Surveys

Each of the job analysis surveys, accompanied by a letter of invitation to participate (see
Appendix D for copies of the letters), was mailed to 800 education professionals. The chemistry
survey was mailed to 500 chemistry teachers (10 per state), 250 teacher educators (5 per state),
and 50 administrators (1 per state). These individuals were randomly selected from the
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memberships of the American Chemical Society and the National Science Teachers Association.
The physics survey also was mailed to 800 education professionals in the same proportions as
the chemistry survey. These individuals were randomly selected from the memberships of the
American Association of Physics Teachers and the National Science Teachers Association.
Approximately one week after the surveys were mailed, a follow-up postcard was mailed to the
participants reminding them to complete and return the surveys.

The purpose of the survey administrations was to identify a core of knowledge
statements that relatively large numbers of education professionals judged to be relevant
(verified to be important) to newly licensed (certified) chemistry and physics teachers. The
latter objective is accomplished by analyzing the mean importance ratings provided by the three
groups of education professionals and by the appropriate subgroups of respondents. Knowledge
statements that are judged to be important by all respondent groups and subgroups (within
chemistry and physics) define the respective cores. Each core becomes the primary database for
the development of test specifications. The derivation of test specifications from those
knowledge statements verified to be important by the surveyed education professionals provides
a substantial evidential basis for the content validity (content relevance) of the Subject
Assessments in Chemistry and Physics.

Resuits

Data Analyses of Survey Responses

Three types of data analysis were conducted to support the development of content valid
(content relevant) test specifications for the Subject Assessments in Chemistry and Physics: (1)
means were computed of the importance ratings for each knowledge statement by the groups of
education professionals and by the appropriate subgroups of respondents; (2) correlations of the
profiles of these mean importance ratings were computed across the groups of education
professionals and within the appropriate subgroups of respondents; and (3) percents were
computed across each of the five response categories associated with the level of understanding
rating scale for each knowledge statement. These percents were computed at the aggregate
level of the survey respondents to provide more easily interpretable, and therefore, useful _
information to the Advisory/Test Development Committee. To be included in the mean and
correlational analyses, a respondent category was required to have at least 30 respondents (e.g.,
= 30 state administrators, = 30 females). This is a necessary condition to ensure that the

computed mean values are accurate estimates of the corresponding population mean values
(Walpole, 1974).

Means. The mean analysis is used to determine the level (absolute value) of importance
attributed to the knowledge statements by teachers, teacher educators and state administrators,
and by appropriate subg,oups of respondents (sex, race/ethnicity, geographic region, teaching
experience). Knowledge tatements that meet or exceed a mean importance value of 2.50 (to be
discussed in a later section) by all groups of education professionals (teachers, teacher
educators, and state administrators) and by all subgroups of respondents may be included in the
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development of the test specifications. In addition, mean ratings were computed for the
responses to the content coverage section and the recommendation for test content section of
each job analysis survey.

Correlations. The correlational analysis is used to determine the extent of agreement
among the groups of education professionals and within the subgroups of respondents about the
relative importance of the knowledge statements. Relative importance refers to the similarity of
the pattern of mean ratings generated by the different respondent groups. For example, the
profile of 181 mean ratings for chemistry teachers is correlated with the profile of 181 mean
ratings for teacher educators. If these two profiles are similar (the shapes of the profiles are
complementary), the value of the correlation coefficient will be close to 1.00.

Percents. The percent analysis may be used by test development committees to guide
their decisions about the level of cognitive complexity that should be represented on the
examinations. By inspecting where among the five response categories the largest percentages
are located, test developers may, more accurately, be able to construct examination items at an
appropriate cognitive level for beginning (newly licensed or certified) chemistry and physics
teachers.

Criterion for Interpretation of Mean Importance Ratings

Since the purpose of job analysis is to ensure that only the more important knowledge
statements are included in the development of test specifications, a criterion (cutpoint) for
inclusion needs to be established. A reasonable criterion that has been used in a similar job
analysis study (Rosenfeld & Tannenbaum, 1991) is a mean importance rating that represents the
midpoint between moderately important and the next higher scale value. For the importance
rating scales used in the present job analysis studies, the value of this criterion is 2.50 (midpoint
between moderately important and important). It is believed that this criterion is consistent
with the intent of content validity, which is to include important knowledge and to exclude
unimportant knowledge from the assessment measures. Therefore, knowledge statements that
receive a mean importance rating of 2.50 or more may be considered eligible for inclusion in the
development of test specifications; knowledge statements that receive a mean rating of less than
2.50 may not be considered for inclusion. (However, because survey participants were not
involved in the development of the content domains, they may lack certain insights that the
Advisory/Test Development Committee members have due to their high level of involvement in
the definition of the domains. As a consequence, if the committee believes that a knowledge
statement rated below 2.50 should be included in the specifications and the committee can

provide compelling written rationales, that knowledge statement may be reinstated for inclusion in
the test specifications.)
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Study 1: Chemistry

Survey Respondents

Response rate. Of the 800 total surveys that were mailed, eight were returned due to an
invalid mailing address. Thus, 792 surveys were actually administered. Of these 792, 329 were
returned. This represents an overall response rate of 42% (329/792).

Demographic characteristics. Sixty percent of the respondents were between the ages of
35 years and 54 years. Sixty-eight percent were males and 32% were females. The majority of
respondents (92%) were White. Most (59%) had 11 or more years of teaching experience in
chemistry. Fifty-five percent identified themselves as either regular teachers (not substitutes) or
permanent substitutes; 26% identified themselves as college faculty; none of the respondents
identified themselves as a state administrator. Twenty-one percent of the respondents were
from the Northeast region of the country; 29% were from the Central region; 23% were from
the Southern region; and 27% were from the Far West region. A complete breakdown of the
demographic characteristics of the respondents is provided in Appendix E.

Results of Data Analyses: Teachers and Teacher Educators

Mean importance. The mean importance rating for each of the 181 knowledge
statements is provided in Appendix F. The means are presented for (1) teachers (regular and
permanent substitutes, n=175) and (2) teacher educators (n=81). Because none of the
respondents identified himself/herself as a state administrator, this demographic group was not
included in the analysis. Inspection of these distributions of mean ratings indicated that
teachers rated 51% of the knowledge statements (n=92) 3.00 (important) or higher; teacher
educators rated 29% of the knowledge statements (n=>52) 3.00 or higher. A comparison of the
means across the two groups indicated that teachers rated 158 knowledge statements (87%)
higher than did teacher educators.

The overall mean importance ratings for the eight major content areas were also
computed for teachers and teacher educators. The means are presented in Table 1. Four
content areas, Scientific Methodology/Techniques/History; Basic Topics in Physical Science;
Chemical Periodicity; and The Mole, Chemical Bonding, and Molecular Geometry, were judged
to be important (scale vale of 3.00) by both groups of respondents. The other four content
areas, Nomenclature; Biochemistry; Science, Technology, and Society; and Pedagogy Specific to
the Physical Sciences, were judged to be moderately important (scale value of 2.00) or
important by either teachers or teacher educators.
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Table 1

Overall Mean Importance Ratings for Each of the Eight Major Knowledge Areas by Teachers and Teacher
Educators

Means
_ Teacher
Major Content Areas Teachers Educators
Scientific Methodology/Techniques/History 333 322
Basic Topics in Physical Science 3.30 3.19
Chemical Periodicity ' 3.52 322
Nomenclature 3.09 282
The Mole, Chemical Bonding, and Molecular Geometry 258 3.41
Biochemistry 2.19 2.40
Science, Technology, and Society 2.75 2.49
Pedagogy Specific to the Physical Sciences 3 2.79

As previously discussed, knowledge statements that receive a mean importance rating of
less than 2.50 (midpoint between moderately important and important) may not be considered
for inclusion in the development of test specifications, unless a compelling written rationale is
provided by the Advisory/Test Development Committee for their reinstatement. Those
knowledge statements rated less than 2.50 by the teachers and/or teacher educators are
presented in Table 2. Of the 181 individual knowledge statements, 60 (33%) were rated below

2.50; and of these 60 statements, almost half (48%) were rated below 2.50 only by the teacher
‘educators.

Correlation of the profiles of mean importance ratings. The profiles of mean
importance ratings for the teachers and teacher educators were correlated. The value of the
correlation coefficient was .92. This indicates that there is a very high level of agreement

between the two respondent groups in terms of the relative importance of the knowledge
statements.
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Table 2
Knowledge Statements Rated Below 2.50 by Teachers and/or Teacher Educators

TEACHER
TEACHERS EDUCATORS
N = 175 N = 81
Mean Mean
A. SCIENTIFIC METHONOLOGY/TECHNIQUES/HISTORY
History and Philosophy of Scisnce
5. Historical roots of science . 226 223
6. Contributions of individuals ‘ 218 2.10
7. Contributions of ethnic groups and cuitures 1.73 1.2
Mathematics, Measurement, and Date Manipulation
15. Statistics of distributions . 201 1.99
16. Simpie digital (binary) logic . 1.56 1.57
18. Differentiation and simple integration - - 1.53 1.81
8. BASIC TOPICS IN PHYSICAL SCIENCE

Heat and Thermodynamics
33. Historical development of heat and energy ' 1.92 1.82
35. Brownian motion | 228 o201
38. Conduction, convection, and radiation 242 2.26
42, -Expangion and contraction - 2.14
46. Third law of thermodynamics (i.e., the concept of absolute zero temperature) 246
Atomic and Nuctear Structure _
48. Historical discovery of particles (e.g., electron, neutron) 2,12
49. Atomic models and their experimental bases (Thomson, Rutherford, and Bohr) 243
52. deBrogiie's hypothesis ’ 2.46 2.3
53. Heisonserg uncertainty principie ' ) 2.30
54. Schrédinger's wave equation 2.14 1.78
63. Nuclear forces and binding energy 2.19
64. Mass/energy transformation ' 2.20
65. Types of radioactive decay (e.g., alpha, beta, gamma omissibn) 246
66. Adtificial and natural radioactivity ) 2.49 2.21
67. Half-life of radioactive isotopes 2.31
68. Nuclear reactions (transmutations, fission. fusion) 2.30
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Table 2 (cont.)

TEACHER
TEACHERS EDUCATORS
N = 175 N = 81
Mean Mean
C. CHEMICAL PERIODICITY

71. The development of the periodic table 2.41
73. Trends in meiting an& boiling temperatures 2.29

. NOMENCLATURE
82. Nomenclature of the classes or organic compounds (e.g., aldehydes, ketones} 2.49 249
THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY

. 98. Hybrid orbitals 2.46 2.46
99. Resonance and delocalization 2.27 2.43
The Kinetic Theory and States of Matter
101. Maxwell-Blotzmann velocity distributions 2.00 201
102. Diffusion of gases . 2.47
105. Real versusideal gases 246
110. Rel. among phases of matter, forces between particies and particle energy 233
111. Characteristics of crystais 222 1.94
Chemical Reactions
116. Spontaneity in chemical reactions (e.g., entropy, Gibbs-Helmhoitz equation) 248
117. Collision theory and reaction rates 229
120. Rate expressions and orders of reactions 248 225
121. Reaction mechanisms 240 2.03
124. Properties and production of ammonia {e.g., the Haber equilibrium) 2.1 1.71
127. Metallurgical properties of the transition metals 1.97 1.63
128. Redox properties of the haiogens and the halide ions 2.28 2.14
129. Faraday's laws of Blectrolysis 227 233
Solutions and Solubility
131. Types of solutions {e.g., solid-solid, solid-liquid, liquid-gas} 2.48
135. Solubility product (K ,) 2.48
144, Production, properties, and use of the common acids (e.g., sulfuric,} 2.29 2.26
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Table 2 (cont.)

TEACHER
T=ACHERS EDUCATORS
N =175 N = 81
Mean Mean
F. BIOCHEMISTRY
150. Monomers and polymers 237
151. Biologically important compounds (e.g., sugar, carbohydrates, proteins) 2.49
152. Biologically important chemical processes (e.g.. bioluminescence) 228 2.32
153. Structure and replication of nucleic acids 2.04 2.19
154, Energy storage and release in biological systems 2.09 2.09
G. SCIENCE, TECHNOLOGY, AND SOCIETY
160. Risk mgmt issues associated with energy production, transmission, and use 2.28
161. Risk mgmt issues assoc. with production/storage/use/disposal of products ’ 2.45
162. Waste management issues and recycling 2.46
163. Management of rescurces (e.g., soil, water, metals, and fossil fuels) 2.46
164. Use of science and technology to predict and prepare for natural disasters 2.31 1.77
166. Technology transfer (e.g., spin-offs from space technology,) 2.41 1.89
167. Issues assoc. with use of chem:. in agriculture/food preparation/preservation 2.41
168. Social, political, and economic issues arising from science and technology 231
H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES
171. Recognition of and compensation for complex factors associated with societal and 243
school-related issues that may affect the teaching of the physical sciences
Curriculum: QOrganization and Materials
177. Scope and sequence of topics in the physical sciences curricula for all students 2.49
and justification for the scope and sequence
178. Lesson plan; in the physical sciences curricula fo’r all students, justification for the 2.30
plans )
180. Selection/use of mass media (e.g., film) appropriate for topics in the physicat 2.21
sciences

Percents. The percent of responses for each of the five categories associated with the
level of understanding rating scale was computed for the aggregate of the chemistry survey
respondents. This analysis provides some overall guidance with respect to the level of cognitive
complexity that should be represented on the Subject Assessment in Chemistry. The percents
are displayed in Appendix G. Inspection of these percent distributions indicates that for 88
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knowledge statements the two highest percentages were between levels 2 (comprehension) and 3
(application [utilization); and for 86 knowledge statements the two highest percentages were
between levels 3 and 4 (analysis).

Results of Data Analyses: Subgroups of Respondents

Mean importance. A significant contribution towards the accumulation of evidence in
support of the job-relevance of the Subject Assessment in Chemistry is the verification of the
importance of the knowledge statements by a wide range of chemistry education professionals.
Therefore, mean importance ratings for each knowledge statement were computed for the
following subgroups of respondents: (1) geographic region (Northeast, n=70; Central, n=94;
Southern, n=76; Far West, n=87); (2) sex (female, n=105; male, n=222); and (3) teaching
experience' (< S years, n=33; > S years, n=141). The means are presented in Appendix H.
An analysis of importance ratings by geographic region is consistent with recent legal emphasis
on addressing regional job variability when conducting job analysis for content domain
specification purposes (Kuehn et al,, 1990). The four geographic regions included for analysis
are consistent with the categorization established by the National Association of State Directors
of Teacher Education and Certification (NASDTEC). Sex was included because it represents a
protected "class" under Title VII of the Civil Rights ACT of 1964. (Race/ethnicity was not
included in the subgroup analyses because of the insufficient number of minority respondents,
i.e., < 30.) The dichotomous breakdown of teaching experience at the five-year point was
chosen so that the judgments of less experienced teachers will be represented and so that the
judgments of more experienced teachers will be represented.

The results of the subgroup analysis indicated that five additional knowledge statements
(i.e., beyond the 60 statements previously identified by the mean analysis conducted on the
teachers and teacher educators) were judged to be below the 2.50 cutpoint. The five statements
are presented in Table 3. Three knowledge statements were rated below the cutpoint only by
teachers with five or less years of teaching experience; and two knowledge statements were rated
below the cutpoint only by respondents from the Central region of the country.

Correlations of the profiles of mean importance ratings. Correlation coefficients were
computed for the profiles of mean importance ratings for the same subgroups used in the mean
analysis. The coefficients are presented in Table 4. All the values exceeded .90. This indicates
that there is a very high level of agreement within the subgroups of respondents in terms of the
relative importance of the knowledge statements.

! Teaching experience includes only those respondents who had identfied thernselves as rcgular teachers or permanent substitutes.

Educational Testing Service, ETS and the ETS logo are registered trademarks of Educational Testing Service. 'The Praxis Series:
Professional Assessments for Beginning Teachers and its design logo are trademarks of Educational Testing Service.

14

29




Table 3 ) .
Knowledge State.nents Rated Below 2.50 by Geographic Region, Sex, and Teaching Experience

GEOGRAPHIC REGION SEX TEACHING
EXPERIENCE
- NE o S FW F M <5 >5

N=70 | N=94 | N=76 | N=87 | N=105 | N=222 | N=33 N=141

B. BASIC TOPICS IN PHYSICAL

SCIENCE
51  Planck's hypothesis 2.33
58 Spectroscopy s 2.48

E. THE MOLE, CHEMICAL BONDING,
AND MOLECULAR GEOMETRY

96 Simple structures of isomers 2.42
139  Colligative properties of solutions 2.45
F. BIOCHEMISTRY

149  Organic functional groups and 2.45
their reactions .

Table 4
Correlations of the Profiles of Mean Importance Ratings by Geographic Region, Sex, and Teaching
Experience

GFOGRAPHIC REGION )

1. Northeast 97 97 97
2. Central .98 .97
3. Southern 97
4. Far West

SEX .
1. Female 95
2. Male

TEACHING EXPERIENCE (years)
1. s§ 94
2. >5
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Mean Ratings of Content Coverage

The survey participants were asked to rate, using a 5-point scale, how well the knowledge
statements within a major content area covered the important aspects of that major content
area. Responses to this provide an indication of the adequacy (comprehensiveness) of the
domain of knowledge. The scale values ranged from a low of 1 (very poorly) to a high of 5
(very well); the midpoint of the scale was value 3 (adequately). The means of these ratings for
teachers and teacher educators are presented in Table 5. For the teachers, all the means were
close to or exceeded 4.00 (well covered). For the teacher educators, only two content areas,

" Nomenclature and Biochemistry, were judged to.be a half unit or more below a mean value of
4.00 (both were judged to be more than adequately well covered). These results indicate that
the content areas were judged, by both respondent groups, to be well covered.

Table §
Mean Ratings of Content Coverage
Means
Teacher

Major Content Areas Teachers Educators
Scientific Methodology/Techniques/History 4.16 3.88
Basic Topics in Physical Science 4.28 3.99
Chemical Periodicity - 432 405
Nomenclature : 3.83 3.50
The Mole, Chemical Bonding, and Molecular Geometry 438 4,14
Biochemistry ' 382 - 347
Science, Technology, and Society 4.16 3.65
Pedagogy Specific to the Physical Sciences 4.18 3.86

Mean Percentage Weights for Test Content Emphasis

~ The survey participants were asked to indicate the weight that each of the major content
areas should receive on the Subject Assessment in Chemistry. This information may be used by
the Advisory/Test Development Committee to assist in its decision about how much emphasis
the content areas should receive on the test specifications. To obtain the weights, the
participants were asked to distribute a total of 100 points across the major areas. The mean
values were then converted into percentages. The mean percentage weights for teachers and
teacher educators are presented in Table 6. For both groups, The Mole, Chemical Bonding, and
Molecular Geometry and Basic Topics in Physical Science received the most emphasis;
Biochemistry; Science, Technology, and Society; and Pedagogy Specific to the Physical Sciences,
were among the least emphasized content areas.
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Table 6
Mean Percentage Weights

Means

Teacher
Major Content Areas Teachers Educators
Scientific Methodology/Techniques/History l 11.75 . 10.94
Basic Topics in Physical Science 18.25 2021
Chemical Periodicity " 14.08 13.49
Nomenclature 11.08 " 8.83
The Mole, Chemical Bonding, and Molecular Geometry 22.03 23.05
Biochemistry 5.81 8.15
Science, Technology, and Society ) 8.72 731
Pedagogy Specific to the Physical Sciences 8.32 8.21

Summary and Conclusion

A job analysis was conducted to define a knowledge domain important for newly licensed
(certified) chemistry teachers to perform their jobs in a competent manner. The results of the
job analysis will be used to develop test specifications for the Praxis II Subject Assessment in
Chemistry.

An initial draft domain of important knowledge statements was constructed by ETS Test
Development staff with expertise in chemistry and ETS Research staff with expertise in job
analysis. This draft domain was reviewed by an External Review Panel of subject-matter experts
and then revised accordingly. The revised draft was then reviewed, modified, and approved by
an external Advisory/Test Development Committee. The revised knowledge domain was then
subjected to verification/refutation through the use of a national survey of chemistry teachers,
teacher educators, and state administrators. The survey participants were asked to rate specific
knowledge statements in terms of importance for and level of understanding needed by newly
licensed (certified) chemistry teachers. A mean importance cutpoint of 2.50 (midpoint between
moderately important and important) was established to designate knowledge statements as
eligible (= 2.50) or ineligible (< 2.50) for inclusion in the development of test specifications.

The results of the mean analysis conducted by teachers and teacher educators indicated
60 knowledge statements were rated less than 2.50 (see Table 2). This represents 33% of the
content domain. Five additional knowledge statements were rated below 2.50 by two of the
subgroups (geographic region and teaching experience) of respondents (see Table 3). In total,
65 of the 181 statements (36%) did not meet the 2.50 criterion for inclusion. Still, however,
64% of the domain (116 statements) is eligible for inclusion in the development of test
specifications.
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- The computation of correlation coefficients to assess agreement in terms of perceived
relative importance of the knowledge statements indicated a very high level of agreement. The
coefficient for the comparison between teachers and teacher educators was .92; the coefficients
for the subgroup comparisons all exceeded .90.

The 116 knowledge statements that were verified to be important by the surveyed
teachers, teacher educators, and the subgroups should be used as the foundation for the
development of test specifications. Test specifications that are linked to the results of a job
analysis provide support for the content validity of the derived assessment measures and may be
considered as part of an initial step in ensuring the fairness (to subgroups of chemistry teacher
candidates) of the derived assessment measures. It is reasonable to assume that, due to testing
and psychometric constraints (e.g., time limits, ability to measure reliably some content), not all
of the verified content may be included on the assessment measures. One source of information
that may be used to guide the Advisory/Test Development Committee in its decision of what
verified content to include on the assessment measures is the mean importance rating.
Although a rank ordering of the content by mean importance rating is not implied, it is
recommended that initial consideration be given to content that is well above the cutpoint and
represents the appropriate breadth of content coverage.

The results of the analysis of the level of understanding rating scale indicated that 49%
of the knowledge statements should be measured between the levels of comprehension and
application futilization; and an additional 48% should be measured between the levels of -
application [utilization and analysis.

Evidence was also provided in this study of judged importance of the eight major content
areas and the comprehensiveness of the knowledge domain. These two pieces of information
have implications for the adequacy of the chemistry knowledge domain. If the domain was
adequately defined then each major content area should have been judged to be important and
well covered. The results support the adequacy of the defined knowledge domain. With respect
to importance (see Table 1), both teachers and teacher educators judged the same four content
areas to be important and one or the other group judged the remaining content areas to be
moderately important or important. With respect to content coverage (see Table 5), the
teachers judged six content areas to be well covered and two to be between adequately covered
and well covered. The teacher educators judged two content areas to be well covered and six to
be between adequately covered and well covered.

Study 2: Physics
Survey Respondents
Response rate. Of the 800 total surveys that were mailed, six were returned due to an

invalid mailing address. Thus, 794 surveys were actually administered. Of these 794, 330 were
returned. This represents an overall response rate of 42% (330/794).
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Demographic characteristics. Seventy percent of the respondents were between the ages
of 35 years and 54 years. Eighty-one percent were males and 18% were females. The majority
of respondents (91%) were White. Most (67%) had 11 or more years of teaching experience in

. physics. Sixty percent identified themselves as either regular teachers (not substitutes) or
permanent substitutes; 30% identified themselves as college faculty; none of the respondents
identified themselves as a state administrator. Twenty-four percent of the respondents were
from the Northeast region of the country; 29% were from the Central region; 25% were from
the Southern region; and 22% were from the Far West region. A complete breakdown of the
demographic characteristics of the respondents is provided in Appendix E.

Results of Data Analyses: Teachers and Teacher Educators

Mean importance. The mean importance rating for each of the 184 knowledge
statements is provided in Appendix F. The means are presented for (1) teachers (regular and
permanent substitutes, n=191) and (2) teacher educators (n=95). Because none of the
respondents identified himself/herself as a state administrator, this demographic group was not
included in the analysis. Inspection of these distributions of mean ratings indicated that
teachers rated 44% of the knowledge statements (n=81) 3.00 (important) or higher; teacher
educators rated 33% of the knowledge statements (n=60) 3.00 or higher. A comparison of the
means across the two groups indicated that teachers rated 147 knowledge statements (80%)
higher than did teacher educators.

The overall mean importance ratings for the eight major content areas were also
computed for teachers and teacher educators. The means are presented in Table 7. Five
content areas, Scientific Methodology/Techniques/History; Basic Topics in Physical Science;
Mechanics; Electricity and Magnetism; and Waves, were judged to be important (scale value of
3.00) by both groups of respondents. The teacher educators also judged Modern Physics to be
important. The other three content areas, Modern Physics; Science Technology, and Society,

and Pedagogy Specific to the Physical Sciences, were judged to be within a half unit of a mean
value of 3.00.

As previously discussed, knowledge statements that receive a mean importance rating of
less than 2.50 (midpoint between moderately important and important) may not be considered
for inclusion in the development of test specifications, unless a compelling written rationale is
provided by the Advisory/Test Development Committee for their reinstatement. Those
knowledge statements rated less than 2.50 by the teachers and/or teacher educators are
presented in Table 8. ‘Of the 184 individual knowledge statements, 56 (30%) were rated below

2.50; and of these 56 statements, almost half (43%) were rated below 2.50 only by the teacher
educators.

Educational Testing Service, ETS and the ETS logo are registered trademarks of Iducational Testing Scrvice. The Praxis Scries:
Professional Assessments for Beginning Teachers and its design logo are trademarks of Hducational Testing Scrvice.

19

34




Table 7
Overall Mean Importance Ratings for Each of the Eight Major Knowledge Areas by Teachers and Teacher

Educators
Means
Teachers Teacher
Major Content Areas . Educators
Scientific Methodology/Techniques/History 3.16 3.10
Basic Topics in Physical Science 3.15 3.07
Mechanics 3.69 3.70
Electricity and Magnetism 3.25 . 3.40
Waves 3.39 3.24
Modern Physics 2.80 3.05
Science, Technology, and Society 2.77 2.51
Pedagogy Specific to the Physical Sciences 2.90 2.76
Table 8
Knowledge Statements Rated Below 2.50 by Teachers and/or Teacher Educators
TEACHER
TEACHERS EDUCATORS
N = 191 N =95
Mean Mean
A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY
History and Philosophy of Science
$.  Historical roots of science ' 232 2.45
6.  Contributions of individuals 2.27 2.18
7. Contributions of ethnic groups and cultures 1.72 1.63
Mathematics, Measurement, and Date Manipulatiop )
15. Statistics of distributions 2.12 2.06
16. Simple digital (binary) logic . 1.73 1.58
18. Differentiation and simple integration 213
B. BASIC TOPICS IN PHYSICAL SCIENCE
Heat and Thermodynamics
34. Historical development of heat and energy 2.14 1.93
36. Equipartition of energy 2.32 2.06
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Table 8 (cont.) )

TEACHER
TEACHERS EDUCATORS
N = 191 N =95
Mean Mean
B. BASIC TOPICS IN PHYSICAL SCIENCE (cont)
37. Brownian motion - 2.24 1.99
47. Third law of thermodynamics (i.e., the concept of absolute zero temperature) 2.47
48. Reversibility and irreversibility 2.47 2.36
Atomic and Nuclear Structure
49. Historical discovery of particies (e.g., electron, neutron) 2.33 2.19
'C. MECHANICS
80. Orbital motion (e.g., Copernicus, Galileo, Kepler) 2.42
82 Fluid mechanics (e.g., Archimedes’ principle, Bernouili's principle) 248
83. Ralativistic effects on length, mass, and time o 235 2.16
D. ELECTRICITY AND MAGNETISM
88. Gauss's law 2.32
94. Internal resistance of batteries 2.28
98. Alternating current circuits (e.g., average power, peak, effective current) 236
101. Transformers 2.36
103. Motors 229
104. Large scale generation and transmission of energy and power 234 2.05
105. nand ptype semiconductors 2.22 197
106. Semiconductor devices (e.g., diodes, transistors} 2.35 2.03
107. Integrated circuits 2.16 1.82
108. Superconductivity 2.49 198
111. Gauss's law of magnetism (nonexistence of monopoles) A 2.40 2.05
113. Principle and caiibration of electrical meters (e.g., galvanometers) 2.52 217
114. Types of magnetism (e.g., diamagnetism) 213 1.82
115. Biot-Savart law and Ampere's law {relating current to magnetic field) 2.49
116. Maxwell's equations 213 2.20
117. Lorentz force law and applications 233
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Table 8 (cont.)

TEACHER
TEACHERS EDUCATORS
N = 191 N =95
Mean Mean
E. WAVES
123. Absorption and transmission 2.47
125. Scattering : 232
130. Dispersion . 2.39
134. Sound: air columns and strings (e.g., timbre, beats, harmonics) 2.41
136. Color (addition and subtraction; relationship to frequency) 2.21
137. Coherent radiation {sources and special properties) 241 2.25
140. Thin films 2.41 2.01
F. MODERN PHYSICS
143. Blackbody radiation 2.36
150. Schrédinger's wave equation 202 2.06
151. Orbital theory - quantum numbers 2.46
152. Pauli exciusion principle 236
155. Lorentz transformations and inertial reference frames 2.14 2.12
157. Elementary particles (e.g., hadrons, leptons) 2.08 217
158. Strong and weak forces » 2.31 2.09
G. SCIENCE, TECHNOLOGY, AND SOCIETY
164. Risk mgmt issues associated with energy production/transmission/use 2.29
165. Risk mgmt associated with production/storage/use/disposal of products 2.16
166. Waste managsment issues and recycling 2.32
167. Management of resources (e.g., soil, water, metals, and fossil fuels) 2.28
168. Use of science and technology to predict/prepare for natural disasters 2.36 1.89
170. Technology transfer (8.g., spin-offs from space technology) 1.98
171. Social/political feconomic issues arising from science and technology . 2.34
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Table 8 (cont.)

TEACHER
TEACHERS | EDUCATORS
N = 191 N =95
Mean Mean
H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES
174. Recognition of and compensation for compiex factors associated with societal 2.37
and school-related issues that may affect the teaching of the physical :
sciences
Curriculum: Organization and Materials
180. Scope and sequence of topics in the physical sciences curricula for all 237
students and justification for the scope and sequence
181. Lesson plans in the physical sciences curricuia for ail students, justification for 207
the plans
183. Selection/use of mass media (e.g., film) appropriate for topics in the physical 249
sciences

Correlation of the profiles of mean importance ratings. The profiles of mean

importance ratings for the teachers and teacher educators were correlated. The value of the
correlation coefficient was .91. This indicates that there is a very high level of agreement
between the two respondent groups in terms of the relative importance of the knowledge
statements.

Percents. The percent of responses for each of the five categories associated with the
level of understanding rating scale was computed for the aggregate of the physics survey
respondents. This analysis provides some overall guidance with respect to the level of cognitive
complexity that should be represented on the Subject Assessment in Physics. The percents are
displayed in Appendix G. Inspection of these percent distributions indicates that for 107
knowledge statements the two highest percentages were between levels 2 (comprehension) and 3
(application/utilization); and for 75 knowledge statements the two highest percentages were
between levels 3 and 4 (analysis).

Results of Data Analyses: Subgroups of Respondents

Mean importance. A significant contribution towards the accumulation of evidence in
support of the job-relevance of the Subject Assessment in Physics is the verification of the
importance of the knowledge statements by a wide range of physics education professionals.
Therefore, mean importance ratings for each knowledge statement were computed for the
following subgroups of respondents: (1) geographic region (Northeast, n="78; Central, n=96;
Southern, n=80; Far West, n=72); (2) sex (female, n=60; male, n=266); and (3) teaching
experience' (< 5 years, n=37; > S years, n=153). The means are presented in Appendix H.
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An analysis of importance ratings by geographic region is consistent with recent legal emphasis
on addressing regions! job variability when conducting job analysis for content domain
specification purposes (Kuehn et al., 1990). The four geographic regions included for analysis
are consistent with the categorization established by the National Association of State Directors
of Teacher Education and Certification (NASDTEC). Sex was included because it represents a
protected "class” under Title VII of the Civil Rights ACT of 1964. (Race/ethnicity was not
included in the subgroup analyses because of the insufficient number of minority respondents,
i.e., < 30.) The dichotomous breakdown of teaching experience at the five-year point was
chosen so that the judgments of less experienced teachers will be represented and so that the
judgments of more experienced teachers will be represented.

The results of the subgroup analysis indicated that four additional knowledge statements
(i.e., beyond the 56 statements previously identified by the mean analysis conducted on the
teachers and teacher educators) were judged to be below the 2.50 cutpoint. The four statements
are presented in Table 9. Three knowledge statements were "flagged" by the teaching
experience subgroup; and one was flagged by the sex subgroup.

Table 9
Knowledge Statements Rated Below 2.50 by Geographic Region, Sex, and Teaching Experience

GEOGRAPHIC REGION SEX TEACHING
EXPERIENCE
NE Cc S FW F M <5 >5

N=78 N=96 N=80 | N=72 N=60 | N=266 | N=37 N=153

B. BASIC TOPICS IN PHYSICAL SCIENCE
56  Aftificial and natural radioactivity A . 2.41

F. MODERN PHYSICS
147  deBroglie's hypothesis . . 248

154 Special relativity ' 2.45

H. PEDAGOGY SPECIFIC TO THE PHYSICAL
SCIENCES

197 Resources available in the 2.47
community

!"Teaching experience includes only those respondents who had identified themselves as regular teachers or permanent substitutes.
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Correlations of the profiles of mean importance ratings. Correlation coefficients were
computed for the profiles of mean importance ratings for the same subgroups used in the mean
analysis. The coefficients are presented in Table 10. " All the values exceeded .90. This indicates
that there is a very high level of agreement within the subgroups of respondents in terms of the
relative importance of the knowledge statements.

Table 10
Correlations of the Profiles of Mean Importance Ratings by Geographic Region, Sex, and Teaching
Experience :

1 2 3 4

GEOGRAPHIC REGION

1. - Northeast 97 96 97
2. Central . 97 : 97
3. Southern 96
4, Far West

SEX
1. Female 94
2. Male

TEACHING EXPERIENCE (years)
1. =5 91
2. >5

Mean Ratings of Content Coverage -

The survey participants were asked to rate, using a S-point scale, how well the knowledge
statements within a major content area covered the important aspects of that major content
area. Responses to this provide an indication of the adequacy (comprehensiveness) of the
domain of knowledge. The scale values ranged from a low of 1 (very poorly) to a high of 5
(very well); the midpoint of the scale was value 3 (adequately). The means of these ratings for
teachers and teacher educators are presented in Table 11. All the means were close to or
exceeded 4.00. This indicates that both groups of respondents judged the major content areas to
be well covered.

Mean Percentage Weights for Test Content Emphasis

The survey participants were asked to indicate the weight that each of the major content
areas should receive on the Subject Assessment in Physics. This information may be used by the
Advisory/Test Development Committee to assist in its decision about how much emphasis the
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content areas should receive on the test specifications. To obtain the weights, the participants

were asked to distribute a total of 100 points across the major areas. The mean values were

then converted into percentages. The mean percentage weights for teachers and teacher

educators are presented in Table 12. For both groups, Mechanics; Electricity and Magnetism;

Basic Topics in Physical Science; and Waves received the most emphasis; Science, Technology,
. and Seciety and Pedagogy Specific to the Physical Sciences received the least emphasis.

Table 11
Mean Ratings of Content Coverage
Means -
Teachers Teacher

Major Content Areas Educators
Scientific Methodology/Techniques/History 4.04 3.89
Basic Topics in Physical Science 4.11 3.82
Mechanics 4.40 4.07
Electricity and Magnetism 4.27 4.04
Waves 4.32 4.08
Modern Physics _ ~ 4.16 _ 397
Science, Technology, and Society 4.07 3.79
Pedagogy Specific to the Physical Sciences 4.09 3.81

Table 12

Mean Percentage Weights

Means
Teachers Teacher

Major Content Arcas Educators
Scientific Methodology/Techniques/History 9.43 8.78
Basic Topics in Physical Science ) 14.29 14.11
Mechanics 20.95 19.77
Electricity and Magnetism 15.93 17.05
Waves 13.90 13.11
Modern Physics _ 991 13.00
Science, Technology, and Socicty 7.66 7.22
Pedagogy Specific to the Physical Sciences 7.52 6.99
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Summary and Coaclusion

A job analysis was conducted to define a knowledge domain important for newly licensed
(certified) physics teachers to perform their jobs in a competent manner. The results of the job
analysis will be used to develop test specifications for the Praxis II Subject Assessment in
Physics.

An initial draft domain of important knowledge statements was constructed by ETS Test
Development staff with expertise in physics and ETS Research staff with expertise in job
aualysis. This draft domain was reviewed by an External Review Panel of subject-matter experts
and then revised accordingly. The revised draft was then reviewed, modified, and approved by
an external Advisory/Test Development Committee. The revised knowledge domain was then
subjected to verification/refutation through the use of a national survey of physics teachers,
teacher educators, and state administrators. The survey participants were asked to rate specific
knowledge statements in terms of importance for and level of understanding needed by newly
licensed (certified) physics teachers. A mean importance cutpoint of 2.50 (midpoint between
moderately important and important) was established to designate knowledge statements as
eligible (= 2.50) or ineligible (< 2.50) for inclusion in the development of test specifications.

The results of the mean analysis conducted by teachers and teacher educators indicated
56 knowledge statements were rated less than 2.50 (see Table 8). This represents 30% of the
knowledge domain. Four additional knowledge statements were rated below 2.50 by two of the
subgroups (sex and teaching experience) of respondents (see Table 9). In total, 60 of the 184
statements (33%) did not meet the 2.50 criterion for inclusion. Still, however, 67% of the
domain (124 statements) is eligible for inclusion in the development of test specifications.

The computation of correlation coefficients to assess agreement in terms of perceived
relative importance of the knowledge statements indicated a very high ievel of agreement. The
coefficient for the comparison between teachers and teacher educators was .91; the coefficients
for the subgroup comparisons all exceeded .90:

The 124 knowledge statements that were verified to be important by the surveyed
teachers, teacher educators, and the subgroups should be used as the foundation for the
development of test specifications. Test specifications that are linked to the results of a job
analysis provide support for the content validity of the derived assessment measures and may be
considered as part of an initial step in ensuring the fairness (to subgroups of physics teacher
candidates) of the derived assessment measures. It is reasonable to assume that, due to testing
and psychometric constraints (e.g., time limits, ability to measure reliably some content), not all
of the verified content may be included on the assessment measures. One source of information
that may be used to guide the Advisory/Test Development Committee in its decision of what
verified content to include on the assessment measures is the mean importance rating.

Although a rank ordering of the content by mean importance rating is not implied, it is
recommended that initial consideration be given to content that is well above the cutpoint and
represents the appropriate breadth of content coverage.
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The results of the analysis of the level of understanding rating scale indicated that 58%
of the knowledge statements should be measured between the levels of comprehension and
application Jutilization; and an additional 41% should be measured between the levels of
application futilization and analysis.

Evidence was also provided in this study of the judged importance of the eight major
content areas and the comprehensiveness of the knowledge domain. These two pieces of

information have implications for the adequacy of the physics knowledge domain. If the domain .

was adequately defined then each major content area should have been judged tobe important
and well covered. The results support the adequacy of the defined content domain. With
respect to importance (see Table 7), both teachers and teacher educators judged the same five
content areas to be important. Of the remaining three content areas, one was judged to be
important by the teacher educators and moderately important by the teachers; and two were
judged to be moderately important by both teachers and teacher educators. With respect to
content coverage (see Table 11), both teachers and teacher educators judged all eight content
areas to be well covered.
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801 Westover Terrace
Greensboro, NC 27408

Aileen Johnson
Summit High School
125 Kent Place Blvd.
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Norman E. Anderson
Cedar Falls High School
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Air Academy High School
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Dover High School
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Appendix B
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Secondary School Teachers

Pricilla A. Costello

Terre Haute South High School
3737 S. Tth Street

Terre Haute, IN 47802

Fradelle Fuhrman, Ph.D.
Berlin High School
Berlin, CT 06037

Ann M. Justus
Camelback High School
4612 N. 28th Street
Phoenix, AZ 85016

Sr. Mary Ethel Parrot, SND
Notre Dame Academy
Hilton Drive

Covington, KY 41011

Charles Reno

Euclid Senior High School
711 East 222nd Street
Euclid, OH 44123

Teacher Educators

James Dillon, Ph.D.

Southern University Lab School
P.O. Box 9414

Baton Rouge, LA 70813

Forrest Hentz, Jr., Ph.D.
Department of Chemistry
North Carolina State University
Raleigh, NJ 27695

District Administrator

Fran Slowiczek, Ph.D.

San Diego Unified School District
4100 Normal Street

San Diego, CA 92103
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Educational Testing Service
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INTRODUCTION

Educational Testing Service (ETS) is developing a new generation of assessments for the
purpose of licensing (certifying) teachers. The inventory that follows is part of our
development effort and is designed to gather information concerning the job of a newly
licensed chemistry teacher. It was developed by high school teachers, college faculty,
and state department of education officials, along with ETS staff.

Those who constructed this inventory recognize that chemistry teachers are required to
teach students with varying backgrounds and levels of ability. For this reason, the
collaborators believe that teachers should have a broad and deep understanding of
chemistry in order to teach it. The inventory asks you to respond to a list of statements
and to judge (a) the importance of the knowledge statements for newly licensed
(certified) chemistry teachers and (b) the level of understanding needed by newly
licensed (certified) chemistry teachers. Please do not relate each statement to your own
Jjob but rather to what you believe newly licensed chemistry teachers should know.

The information you provide will guide the development of the NTE Chemistry
examination. It is expected that the new examination will differ from the current
examination in both content and design. In addition to the development of a new
examination, this study will contribute to our understanding of chemistry teaching as a
profession. We expect the results of the study to be widely disseminated and to be very
useful to the profession.

The inventory has been mailed to a group of approximately 800 professionals. Its value
is directly related to the number of individuals who return their inventories. Because
"you represent a large number of professionals, your responses are extremely important.
The inventory requires approximately 60 minutes to complete. Please return your
completed inventory within 10 days
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PART I - KNOWLEDGE AREAS FOR CHEMISTRY TEACHERS

The purpose of this inventory is to determine what you belicve newly licensed (certified) chemistry teachers
should know in order to perform their job in a competent manner. On the following pages you will find
cight major content arcas and, beneath each, a list of knowledge and ability statements that define the

particular content arca. The order of presentation of the cight content areas in the inventory is not
meaningful.

The eight content areas are:

SCIENCE, TECHNOLOGY, AND SOCIETY
PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES

A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY

B. BASIC TOPICS IN PHYSICAL SCIENCE

C. CHEMICAL PERIODICITY

D. NOMENCLATURE

E. THE MOLE, CHEMICAL BONDING AND MOLECULAR GEOMETRY
F.  BIOCHEMISTRY

G.

H.

For each statement within each of these content areas, you will be asked to make the following judgments:

How important is an understanding of this knowledge area for newly licensed (certified) chemistry
teachers if they are to perform their jobs in a competent manner?

(0) Of no importance

(1) Of little importance
(2) Moderatcly important
(3) Important

(4) Very important

What level of understanding is typically needed by newly licensed (certificd) chemistry tcachers in
cach knowledge area?

(Note: These levels are hierarchically arranged: level #2 subsumes level #1; level #3 subsumes levels #2 and #1; level #4
subsumes levels #3, #2, and #1. The zero (0) point is not subsumed by any other scale point.)

(0) An understanding of the knowledge area is not nceded.

(1) Requires the ability to defing the terms used in the knowledge arca.

(2) Requires the ability to comprechend the essential properties of the knowledge arca.

(3) Requires the ability to apply/utilize the knowlcdge arca to address problems or questions.

(4) Rcquires the ability to analyze the knowledge arca into component parts and explain
the interrelationships among the parts.

Circle your responses using the scales adjacent to cach statement, To familiarize yourself with the content
arcas and statements, you may wish to glance through Part 1 before making your judgments.
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no kmportance (0) An understanding of the knowiedge area is not needed

(1) Of litthe importance (1) DEFINE the terms used in the knowledge area -

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedge area into compomnt parts and explain the

interrelationships among the parts

A

SCIENTIFIC . LEVEL OF
METHODOLOGY/TECHNIQUES /HISTORY IMPORTANCE UNDERSTANDING
Methodology '

1. Scientific methods (e.g., formulation of problem,
hypotheses, experiments, interpretations, -
predictions, conclusions) ................. 012 3 4 01 2 3 4

2. Science process skills (e.g., qualitative and
quantitative observations, interpretations, .
communication, inferences, applications) ... .. 012 3 4 012 3 4

3. Assumptions, models, laws, and theories . . .. .. 012 3 4 012 3 4

4. Design of experiments (e.g., controls,
independent and dependent variables) ....... 01 2 3 4 012 3 4

Histo ng Phil hy of Science
5. Historical roots of science ................ 012 3 4 012 3 4

6. Contributions of individuals . .............. 01
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7. Contributions of cthmc groups and

_ cultures .. ... .. o 012 3 4 012 3 4
Mathematics, Measurement, and Data Manipulation
8. The metricand SIsystems ................ 01 2 3 4 012 3 4
9. Scientific notation . ........ ... ... ...... 012 3 4 012 3 4
10. Estimation and approximation ............. 012 3 4 01 2 3 4
11.  Significant figures in measurcment and
caleulations . ....... ... ... L il 012 3 4 01 2 3 4
12. Unit/dimensional analysis ................ 01 2 3 4 01 2 3 4
13. Experimental crrors (c.g., sources,
quantifications, precision, accuracy) ......... 01 2 3 4 01 2 3 4
14.  Mathematical relationships and patterns in
: numerical data (e.g., direct, cxponential) ... .. 01 2 3 4 01 2 3 4
15.  Statistics of distributions .. ... ... ... . ... 01 2 3 4 01 2 3 4

Ca5 57




Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needod

(1) Of iitle importance (1) DEFINE the terms used in the kiiowledge area

(2) Moderately important {2) COMPREHEND the essential properties of the knowiedge area

(3) Important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(3) Very important {4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

23

24,

18.

20.

A. SCIENTIFI LEVEL OF

METHODOLOGY/TECHNIQUES /HISTORY (cont.) IMPQRTANQE UNDERSTANDING
16. Simple digital (binary) logic ............... 012 3 4 0123 4
17. Organization and interpretation of data and

cquations (e.g., tables, graphs, :
spreadsheets) ............... ... ... ... 01 2 3 4 012 3 4

Differentiation and simple integration ....... 012 3 4 012 3 4

Laboratory and Safety
19.

Use and calibration of laboratory equipment

(e.g., balances, laboratory burners, glassware,

thermometers, barometers, pH meters,

SPECITOSCOPES) « v v v v v ev i et ieeeanneenns 012 3 4 012 3 4

Maintenance of laboratory equipment

(e.g., balances, laboratory burners, glassware,

thermometers, barometers, pH meters,

SPECLTOSCOPES) « « v v v v v vv et ennaneens 012 3 4 01 2 3 4

Preparation and sct-up of reagents, materials,
and apparatus . ...........c0eeiieeniann 012 3 4 012 3 4

Laboratory safcty (e.g., laboratory hazards, _
storage and disposal of materials) .......... 012 3 4 012 3 4

Emergency procedures for laboratory
accidents . ... ... .. .o 01 2 3 4 01 2 3 4

Overall evaluation of the importance of
Scientific Methodelogy/Techniques/History . . . 01 2 3 4

598
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

{3) Iimportant (3) APPLY/UTILIZE the knowiedge area to address probiems or questions
(4) Very important (4) ANALYZE the Linowiledge area into component parts and explain the

Interrelationships among the parts
(f.’:.

A. SCIENTIFIC .
METHOD GY, HNI S/HISTORY (cent

25. How well do the knowledge areas in section A cover the important aspects of Scientific
Methodology/Techniques/History?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covered?

LEVEL OF
B. BASIC TQPICS IN PHYSICAL SCIENCE IMPORTANCE UNDERSTANDING
Matter and Energy
26. Physical and chemical properties (e.g., states of
matter, homogeneous, heterogencous) ... ... 012 3 4 012 3 4
27. Particulate nature of matter (e.g., atoms, ions,
molecules) ............... ... ... ..., 01 2 3 4 012 3 4
28. Elements, compounds, and mixtures .. ....... 012 3 4 01 2 3 4
29. Physical and chemical changes ............. 01 2 3 4 012 3 4
30. Conservation of mass/energy . ............. 012 3 4 012 3 4
31. Forms of energy (e.g., kinetic, potential,
mechanical, sound, magnetic, clectrical, light,
heat, nuclear, chemical) .................. 01 2 3 4 01 2 3 4
32. Energy transformations .................. 01 2 3 4 01 2 3 4
Heat and Thermodynamics
33. Historical development of heat and cnergy
CONCEPLS . .. vttt it i et ans 01 2 3 4 01 2 3 4
34. Kinctic molecular theory ................. 01 2 3 4 01 2 3 4
35, Brownianmotion....................... 01 2 3 4 012 3 4.
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Evaluate sach knowledge area in terms of lMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner,

- IMPORTANCE LEVEL OF UNDERSTANDING
(0) Of no importance (0) An understanding of the knowiedge area is not needed
(1) Of littte Importance (1) DEFINE the terms used in the knowiedge area
(2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area
(3) Important (3) APPLY/UTILIZE the knowiedge area to address problems or questions

(4) Very imporiant (4) ANALYZE the knowledge area into component parts and explain the
interrelationships among the parts .

B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.) IMPORTANCE UND[?:SE'II:U(\I)IF)‘ING
36. Heat versus temperature ... .......... ... 012 3 4 012 3 4
37. Temperature scales and measurement ... .. .. 012 3 4 012 3 4
38. Conduction, convection, and radiation ........ 012 3 4 012 3 4
39. Heat capacity, thermal cxchange, heat of fusion,

and heat of vaporization ................. 012 3 4 012 3 4
40. Concepts of enthalpy and entropy .. ........ 01 2 3 4 012 3 4
41. Phasechanges ................... ... ... 01 2 3 4 012 3 4
42, Expansion and contraction . . .............. 012 3 4 012 3 4
43. Zeroth law of lhcnﬁodynamics {i.c., direction of
© REAt fOW) « ottt 0123 4 0123 4
44, First law of thermodynamics (i.c., cnergy is
conserved) . ... ... 012 3 4 012 3 4
45. Sccond law of thermodynamics - entropy . . . . . 012 3 4 012 3 4
46. Third law of thermodynamics (i.c., the concept
of absolute zero temperature) . ....... .. ... 012 3 4 012 3 4
47. Reversibility and irreversibility . ............ 0123 4 0123 4
Atomic and Nuclear Structure
48. Historical discovery of particles (e.g., clectron,
T 18 o) 1 TP 012 3 4 012 3 4
49. Atomic models and their experimental bases
(Thomson, Rutherford, and Bohr) .......... 012 3 4 012 3 4
50. Structurc ofthcatom ................... 012 3 4 012 3 4
3 Si. Planck’s hypothesis .. ......... ... ...... 01 2 3 4 0123 4
./}52. deBroglie’s hypothesis ... ... o L 01 2 3 4 01 2 3 4
53. Heisenberg uncertainty principle ... ... ... 012 3 4 012 3 4
54. Schrodiuger’s wave equation .. ... ... 01 2 3 4 01 2 3 4
55.  Orbital theory - quantum numbers ... ....... 012 3 4 012 3 4
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Evaiuate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly Hoensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE .LEVEL OF UUNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

{1) Of littie importance {1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowledge area into component parts and explain the

interrelationships among the parts

' : LEVEL OF
B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.) IMPORTANCE UNDERSTANDING

56. Characteristics of an electron in an atom

(e.g, shells,orbitals) .................... 01 2 3 4 012 3 4
57. Properties of electromagnetic radiation . .. ... 012 3 4 012 3 4
58, Spectroscopy . . ... iiii i 012 3 4 012 3 4
59. Pauli exclusion principle . ................ 012 3 4 0123 4
60. Hundsrule ........................... 012 3 4 012 3 4
61. Chemical properties related to electron

configuration (e.g., atomic valences and

TEACHIVILY) .« . vvve et et e 01 2 3 4 012 3 4
62. Atomic mass, atomic number, mass number and

IS0tOPES . ... e 012 3 4 012 3 4
63. Nuclear forces and binding energy .......... 012 3 4 01 2 3 4
64. Mass/energy transformation .............. 0123 4 012 3 4
65. Types of radioactive decay (c.g., alpha, beta,

gamma emission) . ..................... 012 3 4 012 3 4
66. Artificial and natural radioactivity .......... 012 3 4 0123 4
67. Half-life of radioactive isotopes ............ 012 3 4 012 3 4
68. Nuclear reactions (transmutation, fission,

FUSION) v vt e e et 0123 4 012 3 4
69. Overall evaluation of the importance of Basic

Topics in Physical Science . ............... 012 3 4

61

O Cag




Evaluate sach knowledge area in terms of IMPORTANCE for and LEVEL QOF UNDERSTANDING needed
by newly icensed (certified) chemistry teachers if they are to perform their job In a compastent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

{0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.,)

70. How well do the knowledge areas in section B cover the important aspects of Basic Topics in
Physical Science?

1 2 3 4 5
Very Poorly Poorly Adequatcly Well Very Well

What important aspects, if any, are not covered?

LEVEL OF
C. . CHEMICAL PERIODICITY IMPORTANCE UNDERSTANDIN
71. The development of the periodic table ....... 012 3 4 012 3 4
72. The position of metals, nonmetals, and
metalloids .......... ... .. ... .. 012 3 4 012 3 4
73. Trends in melting and boiling temperatures . . . 012 3 4 012 3 4
74. Trends in atomic radii, ionization cnergy,
clectron affinity, and clectronegativity . .. ... .. 012 3 4 01 2 3 4
75. Relationship of periodic table to clectron
configurations of the atoms .. ............. 0123 4 01 2 3 4
76. Oxidation numbers for clements in a
compound . ...... ... 012 3 4 01 2 3 4

Ca10
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Evaiuats sach knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) cheimistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of ittie importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important {(2) CQMPREHEND the essential properties of the knowiedge area

(3) important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

: LEVEL OF
C. CHEMI PERI n IMPORTANCE UNDERSTANDING
77. Periodicity of the oxidation states of the
elements ............ ... i i, 0123 4 01 23 4
78. Chemical properties and reactions of the
elements as reflected by their positions in the
periodictable ............... ... .. ... 012 3 4 01 2 3 4

79. OQOverall evaluation of the importance of
Chemical Periodicity . ................... 012 3 4

80. How well do the knowledge areas in section C cover the important aspect§ of Chemical

Periodicity?
1 "2 3 4 5
Very Poorly Poorly Adequatcly Well Very Well

What important aspects, if any, are not covered?

D. NOMENCLATURE

81. Inorganic nomenclature of ionic compounds and
acids ............. et 012 3 4 012 3 4

82. Nomenclature of the classes of organic
compounds (c.g., saturated and unsaturated
hydrocarbons, alcohols, cthers, aldchydes,

KCtOMES) .. ittt it 01 2 3 4 01 2 3 4

83. Overall evaluation of the importance of
Nomenclature . ........................ 012 3 4

Cait
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Evaiuate each knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly iicensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

{1) Of little importance (1) DEFINE the terms used in the knowiedge area

(2) Modevately important (2) COMPREHEND the essential properties of the knowiedge area

(3) important (3) APPLY/UTILIZE the knowiedge area to address probiems or questions
(4) Very important (4) ANALYZE the knowiedge srea into component parts and explain the

interrelationships among the parts

D. NOMENCLATURE (cont.)

84. How well do the knowledge arcas in scction D cover the important aspects of Nomenclature?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covered?

E. THE MOLE, CHEMICAL BONDING, AND LEVEL OF
MOLECULAR GEOMETRY IMPORTANCE UNDERSTANDING

85. Mole concept and mass-molc-number

relationships ......... .. ... .. .. ... ... 01 2 3 4 012 3 4
86. Information conveyed by a chemical :

formula............... ... .. ..., 01 2 3 4 012 3 4
87. Law of constant composition and law of multiple

Proportions .. ..........uiiuiininneannn 01 2 3 4 012 3 4
88. Percent composition of elements in a-

compound ............ ... i .., 01 2 3 4 012 3 4
89. Information conveyed by empirical and

molecular formulas ..................... 01 2 3 4 012 3 4
9. lonic, covalent, and metallicbonds .. ........ 01 2 3 4 012 3 4

91. Rules for calculating oxidation numbers of atoms
inacompound ................ ... ... 01 2 3 4 012 3 4

92. Electron dot formulas and structural

formulas ......... ... ... ... .. i i, 01 2 3 4 01 2 3 4

93. Multiplehonds . ....................... 012 3 4 01 2 3 4
94. Types of bonding rclated to clectronegativity

differences .......... i, 01 2 3 4 012 3 4
Ca12




Evaiuate sach knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDIN: needed
by newly licensed (certified) chemistry teachers If they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of iittle importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important (20 COMPREHEND the essential properties of the knowiedge area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important ) (8) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

E. THE MOLE, CHEMICAL BONDING AND LEVEL OF

MOLECULAR GEOMETRY (cont.) IMPORTANCE UNDERSTANDING
95. Valence shell electron pair repulsion model for ‘
molecular shapes (VSEPR) ............... 012 3 4 012 3 4
96. Simple structures of isomers .............. 012 3 4 012 3 4
97. Chemical and physical properties of compounds
related to type of bonding and geometry .. ... 012 3 4 012 3 4
98. Hybridorbitals ........................ 012 3 4 012 3 4
99. Resonance and delocalization ............. 012 3 4 0123 4
The Kinetic Theory and States of Matter
100. Assumptions of the kinetic molecular theory of
BASES L e e 012 3 4 012 3 4
101. Maxwell-Boltzmann velocity distributions . . . .. 012 3 4 012 3 4
102. Diffusionof gases ........... ... .. ... ... 01 2 3 4 012 3 4
103. Relationships among volume, pressure, ‘
temperature, and quantity for idcal gases . .. .. 012 3 4 012 3 4
104; Dalton’s law of partial pressures ........... 01 2 3 4 012 3 4
105. Real versus idealgases . . ................. 012 3 4 012 3 4

106. Forces of attraction among molccules
(c.g., hydrogen bonds, dipole-dipole

interactions) ............. .. ... .. ..., 01 2 3 4 01 2 3 4
107. Phase changes for a pure substance
(c.g., pressure and temperature effects) ... ... 0 1 2 3 4 012 3 4

108. Rclationships among evaporation rate, boiling
temperature, and vapor pressurc L. ......... 01

to
(2
H
=
—
(3%
w
.

109. Special propertics of water (c.g., density of solid
versus liquid, high hcat capacity, unusually high
boiling tcmperature) .. ..., .. 0. 01 2 3 4 01 2 3 4

110. Relationships among phascs of matter, forces
between particles and particle energy
(c.g., shape, volume, diffusion, density, and
compressibility) .. ... .. ... ... L. 01 2 3 4 1 2 3 4
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Evaluate each knowledge area in terms of IMPORTANCE for and LEVEL QF UNDERSTANDING needed .
by newly licensed (certified) chemistry teachers If they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Oflitte importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

(3) Important (3) APPLY/UTILIZE the knowiledge area to address problems of questions
(4) Vety important (3) ANALYZE the knowledge area into component parts and explain. the

Interrelationships among the parts

E. THE MOLE, CHEMICAL BONDING, AND LEVEL OF
MOLECULAR GEOMETRY (cont,) IMPORTANCE UNDERSTANDING
111. Characteristics of crystals . ... ............. 012 3 4 012 3 4

Chemical Reactions

112. Equation balancing from written descriptions of
chemical reactions ...................... 012 3 4 012 3 4

113. General types of chemical reactions
(i.e., composition, decomposition, ionic

replacement) .. ... ... . it 012 3 4 012 3 4
114. Stoichiometry ............... . vt 012 3 4 012 3 4
115. Endothermic and exothermic reactions . . ... .. 012 3 4. 012 3 4
116. " Spontancity in chemical reactions (e.g., free

energy, entropy, Gibbs-Helmholtz equation) . . . 012 3 4 012 3 4
117.  Collision theory and reaction rates .......... 012 3 4 012 3 4
118. Activation energy and the effects of a

catalyst .. ... ... . . 012 3 4 012 3 4

119. Rate-influencing factors in chemical reactions
(e.g., temperature, pressure, concentration,

catalyst) ....... ... 01 2 3 4 012 3 4
120. Rate expressions and orders of reactions .. ... 012 3 4 012 3 4
121. Reaction mechanisms .................... 0123 4 012 3 4
122. Chemical equilibria .. ................ ... 012 3 4 012 3 4
123. Le Chatelicr’s principle and factors that distr<b

the equilibrium of systems (e.g., temperature,

concentration) . ... ... vt in i e 012 3 4 012 3 4
124, Propertics and production of ammonia

(e.g., the Haber equilibrium) .............. 0123 4 012 3 4
125. Oxidation and reduction reactions . ......... 01 2 3 4 012 3 4
126.  Electrochemical cells and clectrode

TCACIONS . .. ittt e e 012 3 4 012 3 4
127. Metallurgical propertics of the transition

metals .. ... .. 01 2 3 4 012 3 4

Ca14
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowicdge area

(2) Moderately important (2) COMPREHEND the sssential proparties of the knowiedge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems or questions
‘(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts -

E. THE MOLE, CHEMICAL BONDING, AND LEVEL OF

MOLECULAR GEOMETRY (cont.) ' IMPORTANCE UNDERSTANDING
128. Redox properties of the halogens and the halide

B 1+ , ~01234 012 3 4
129. Faraday’s laws of clectrolysis .............. 012 3 4 012 3 4

130. Practical applications of electrochemistry
(e.g., electroplating, lead storage battery, pH
111 (3 TP 012 3 4 012 3 4

Solutions and Solubility
131. Types of solutions (e¢.g., solid-solid, solid-liquid,

liquid-gas) ................. ... ... ... 012 3 4 012 3 4
132, Solutes, solvents and solubility ............. 0123 4 0123 4
133.  Effects of temperature and pressure on

solubility . ....... ... ... .. ... ... 0 : 2 3 4 012 3 4
134. Dissolving process .. ........vivninnn.. 0123 4 012 3 4
135, Solubility product (K, ) .................. 0 1.2 3 4 012 3 4
136. Concentration of solutes (e.g., dilute,

concentrated, saturated; molarity) .......... 012 3 4 0.1 2 3 4
137.  Conductivity of solutions and the ionization

PrOCESS . .. .. ittt e e e 012 3 4 012 3 4
138. Strong and weak clectrolytes; non-

electrolytes . ............... ... ... ..... 012 3 4 012 3 4
139.  Colligative propertics of solutions .......... 012 3 4 012 3 4
140. Characteristic propertics of acids, bases, and

salts ... ... 012 3 4 012 3 4
141.  Arrhenius, Bronsted-Lowry, and Lewis acid-base

theories .......... ... ... ... .. ..., 012 3 4 01 2 3 4

142.  pH of solutions of strong and weak acids and
bases .......... .. 012 3 4 01

143. Relative strengths of acids and bascs

o
W
Py
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Evaiuate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORYANCE LEVEL OF UNDERSYANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of littie importance (1) DEFINE the terms used In the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area

{3) Important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
{4} Very important (a) ANALYZE the knowiedge area into component parts and explain the

Interrelationships among the parts

E. THE MOLE, CHEMICAL BONDING, AND LEVEL OF
MOLECULAR GEOMETRY (cont.) IMPORTANCE UNDERSTANDING

144. Production, properties, and use of the common
acids (c.g., sulfuric, phosphoric, nitric,

hydrochloric) .. ... ... .. i, 012 3 4 012 3 4
145. Acid-base titration and indicators ........... ¢ 1 2 3 4 01 2 3 4
146. Buffersolutions .. .. ........... ... 0 12 3 4 012 3 4

147. Overall evaluation of the importance of the
Mole, Chemical Bonding, and Molecular
Geometry . ...........cccivniuiininaeannn 012 3 4

148. How well do the knowledge areas in section E cover the important aspects of The Mole,
Chemical Bonding, and Molccular Geometry?

1 2 3 4 5
Very Poorly Poorly Adcquately Well Very Well

What important aspects, if any, are not covered?

F. BIOCHEMISTRY

149.  Organic functional groups and their
TCACHONS &« v v it i e 0123 4 ° 01

t9
3
S

150. Monomers and polymers .. ... e 012 3 4 0123 4

151. Biologically important compounds
(c.g., sugars, carbohvdrates, amino acids,
proteins, nucleic acids, carboxylic acids,
CNZYMCS) . o ov it e i i ienienne e 012 3 4 0123 4

152. Biologically important chemical processes (e.g.,
photosynthesis, bioluminescence, respiration,
hydrolysis, phosphorvlation) ............... 01 2 3 4 01 2 3 4

153. Structure and replication of nucleic acids
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Evaluate each knowledge area in terms of IMPORTANCE ‘or and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance {0) An understanding of the knowledge area is not needed

(1) Of little importance (1) DEFINE the terms used In the knowledge area

(2) Moderately important (20 COMPREHEND the essential properties of the knowledge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Vety important (4) ANALYZE the knowledge area into component parts and explain the

interrelationships among the parts

F.

G.

e

LEVEL OF
BIOCHEMISTRY (cont.) IMPORTANCE UNDERSTANDING
154. Energy storage and release in biological
SYSIEMS . .. ... e e 012 3 4 01 2 3 4

155.  Overall evaluation of the importance of
Biochemistry? . ... ..................... 012 3 4

156. How well do the knowledge areas in section F cover the important aspects of Biochemistry?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covered?

SCIENCE, TECHNOLOGY, AND SOCIETY

157. Awareness of ethical and moral responsibilities

of scientists . ............ .. iiiiinn. 012 3 4 012 3 4
158. Awareness of ethical issues, risks, and

benefits associated with the application of

SCICNCE ... i e 012 3 4 012 3 4
159. Detection of environmental hazards ......... 01 2 3 4 012 3 4
160. Risk management issues associated with cnergy

production, transmission, and use .. ......... 01 2 34 01 2 3 4

161. Risk management issues associated with
production, storage, use, and disposal of
consumer products .. ................... 01

o
w
H
o
—
[\S]
(]
H

162.  Waste manageinent issues and recycling . .. . .. 01 2 3 4 012 3 4
163. Management of resources (c.g.. soil, water,
metals, and fossil fucls) . ................. 01 2 3 4 01 2 3 4
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a compitent manner.
IMPORTANCE LEVEL OF UNDERSTANDING
(0) Of no importance (0) An understanding of the knowiedge area is not nesded
(1) Of littie imporiance (1) DEFINE the terms used in the knowiedge area
{2) Moderately important (20 COMPREHEND the essential properties of the knowledge area
(3) important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(4) Very important (4) ANALYZE the knowledge area into component parts and explain the
interrelationships among the parts
LEVEL OF
G. SCIENCE, TECHN Y, AND SOCIETY (cont. IMPORTANCE UNDERSTANDING

164. Use of science and technology to predict and

prepare for natural disasters . ............. 01 2 3 4 012 3 4
165. Use of technology in everyday life (e.g., lamp,

smoke detector, TV, computer, internal

combustionengine) ............ ... ... 012 3 4 012 3 4
166. Technology transfer {e.g., spin-offs from space

technology, superconductors) .............. 012 3 4 012 3 4
167. Issues associated with the use of chemicals

in agriculture, food preparation and

Preservation ............eouivheeennnnens 01 2 3 4 012 3 4
168. Social, political and economic issues arising from

science and technology . .............. ... 01 2 3 4 0 1 2 3 4

169. Overall evaluation of the importance of Science,
Technology, and Society ................. 012 3 4

170. How well do the knowledge areas in section G cover the important aspects of Science,
Technology, and Society?

1 2 3 4 5
Very Poorly Poorly Adequatcly Well Very Well

What important aspects, if any, are not covercd?
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Evaiuate sach knowiedge area in terms of IMPQRTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competant manner.

IMPORTANCE LEVEL QF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important (2) COMPREHEND the essentiai properties of the knowledga area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedge araa into component parts and expiain the

interrelationships among the parts

H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF
SCIENCES IMPORTANCE UNDERSTANDING

171. Recognition of and compensation for complex
factors associated with societal and school-
related issues that may affect the teaching of the
physical sciences. . ...................... 012 3 4 01 2 3 4

172. Recognition of and compensation for complex
factors associated with societal and school-
related issues that may affect student’s lcarning

of the physical sciences .................. 012 3 4 012 3 4
Curricylym: Organization and Materials
173. Reasons for learning the physical sciences .. .. 01 2 3 4 012 3 4

174. Reasons for teaching a particular topic in the
' physical sciences ....................... 012 3 4 012 3 4

175. Integration within topics in the physical
CSCIEMCES . i 01234 - 012234

176. Integration among the physical sciences and
other disciplines ....................... 012 3 4 012 3 4

177.  Scope and sequence of topics in the physical
sciences curricula for all students and
justification for the scope and sequence . ..... 012 3 4 012 3 4

178. Lesson plans in the physicai sciences curricula
for all students and justification for the
plans .. ... .. 012 3 4 012 3 4

179.  Sclection and use of curricular materials and
resources (e.g., textbooks and other printed
materials, computer software, laboratory
materials) for the physical sciences .. ........ 012 3 4 012 3 4
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Evaluate each knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed -_1
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.
IMPORTANCE LEVEL OF UNDERSTANDING
(0) Of no importance (0) An understanding of the knowledge area is not nesded
(1) Of lithe Importarce (1) DEFINE the terms usad in the knowiedge area
(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area
(3) Important (3) APPLY/UTILIZE the knowiedge area to address probiems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the
: interrelationships among the parts
H. PEDAGOGY SPECIFIC TQ THE PHYSICAL : LEVEL OF
SCIENCES (cont.) IMPORTANCE UNDERSTANDING
180. Selection and use of mass mcdia (e.g., film,
television, video) appropriate for topics in the
physical sciences ............. .. o 012 2 4 012 3 4
181. Selection and use of current tcchnologies
(e.g., computer, videodisc, interactive television,
video) appropriate for laboratory data collection
and other instructional purposes in the physical ‘
SCIENCES ... cccvininnnenn [ 0123 4 012 3 4
Instruction
182. Prerequisite knowledge, experience, and skills
that students necd for various topics in the
physical sciences . ........ .. oo el 0123 4 012 3 4
183. Recognition of and accommodation to the
prior conceptions, experience, and skills that
students bring to various topics in the physical
SCICTICES « v e v eeee et s tnainetanannnanees 012 3 4 01 2 3 4
184. Identification and sclection of appropriate lab
expericnces for various instructional goals and
student lcarningneeds . .................. 012 3 4 012 3 4
185. Design of appropriate lab experiences for
various instructional goals and student lcarning
needs ... ... e e 012 3 4 012 3 4
186. SlratcgicS for motivating and encouraging
students to succeed in the physical sciences . .. 012 3 4 01 2 3 4
187. Strategics for addressing controversial and/or
sensitive issues in the physical sciences .. .. ... 01 2 3 4 012 3 4
Assgggmg\ t and Evalyation
188. Assessment strategics (c:g., laboratory rcports,
portfolios, obscrvations, oral discussions, written
tests, performance-based assessments, projects)
to evaluate student performance in the physical
SCICMCES .+ v vt v et e ittt e 01 2 3 4 0Ot 2 3 4
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H.

Evaiuate each knowiledge srea in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed
by newly licensed (certified) chemistry teachers if they are to perform their job in a competent manner.
lMPQRTANQ-E LEVEL OF UNDERSTANDING
(0) Of no importance {0) - An understanding of the knowledge area is not needed
(1) Of littie importance (1) DEFINE the terms used in the knowledge area
(2) Moderately important (2) COMPREHEND the essentiai properties of the knowledge area
(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (8) ANALYZE the knowledge area into component parts and expiain the
’ interrelationships among the parts
PEDAGOGY SPECIFIC TQ THE PHYSICAL LEVEL OF
SCIENCES (cont.) IMPORTANCE DE DIN
189. Errors in student work and performance that
arise from prior conceptions about topics in the : ' '
physical sciences ....... ..o 012 3 4 012 3 4
Professional Concerns |
190. Professional and scholarly literature
(e.g., journals, reference works) appropriate for
teachers and students in the physical
SCIBMCES - vttt vvevit e annnneeoaannns 0 1 2 3 4 012 3 4
191. Professional and scholarly organizations for
science educators . ... .iie i e 01 2 3 4 012 3 4
192. Legal responsibilities and liabilitics for teachers
in the physical sciences .................. 012 3 4 012 3 4
193. Responsibilities for continuing education in the
physical sciences and in science education .. .. 01 2 3 4 012 3 4
194. Resources available in the community ....... 0123 4 0123 4
195. Science-related career information . ......... 012 3 4 012 3 4
196. Overall evaluation of the importance of
Pedagogy Specific to the Physical Sciences . . .. 012 3 4
197.

How well do the knowledge arcas in section H cover the important aspects of Pcdagogy
Specific to the Physical Sciences?

1 2
Very Poorly Poorly

3 4 5
Adequatcly Wwell Very Well

What important aspects, if any, are not covered?
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PART II - RECOMMENDATIONS FOR TEST CONTENT

Listed below are eight broad topics that may be covered on the new licensing examination for chemistry. I
the examination contained 100 questions, how many questions should be included from each topic? If you
feel a category should not be included in the exam, put 0 in the space provided. Make sure your responses
sum to 100.

198.

199.

203.
204.

205.

TOPICS . NUMBER OF TEST QUESTIONS
: {out _of 100)

SCIENTIFIC METHODOLOGY/TECHNIQUES/
HISTORY

BASIC TOPICS IN PHYSICAL SCIENCE

CHEMICAL PERIODICITY

. NOMENCLATURE

THE MOLE, CHEMICAL BONDING AND MOLECULAR
GEOMETRY

BIOCHEMISTRY
SCIENCE, TECHNOLOGY, AND SOCIETY

PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES

TOTAL 100
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PART IIT - BACKGROUND INFORMATION

The information that you j.covide in this section is completely confidential and will be used for research
purposes only. Please answer the questions by circling the number that most closely describes you or your
professional activities. IJnless otherwise indicated, please circle only one response for each question.

206.  Where do you work?

1. Alabama 18. Kentucky 36. Ohio
2. Alaska 19. Louisiana 37. Oklahoma
3. Arizona 20. Maine 38. Oregon
4. Arkansas 21. Maryland 39. Pennsylvania
5. California 22. Massachusetts 40, Puerto Rico
6. Colorado 23. Michigan 41. Rhode Island
7. Connecticut 24. Minnesota 42, South Carolina
8. Delaware 25. Mississippi 43. South Dakota
9. District of 26. Missouri 44. Tennessee
Columbia 27. Montana 45. Texas
10. Florida 28. Nebraska 46. Utah
11. Georgia 29. Nevada 47. Vermont
12. Hawaii 30. New Hampshire - 48, Virginia
13. Idaho 31. New Jersey 49. Washington
14, Illinois 32. New Mexico 50. West Virginia
15. Indiana 33. New York 51. Wisconsin
16. Towa 34. North Carolina 52. Wyoming
17. Kansas 35. North Dakota
207.  What is your age?
1. Under 25
2. 2534
3. 354
4, 45-54
5. 5564
6. Over 64
208.  What is your sex?
1. Female
2. Male
209.  Which of the following best describes the area in which you work?
1. Urban
2. Suburban
3. Rural
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213.

214

211

212

How do you describe yourself?

Native American, American Indian, or Alaskan Native

Asian American, Asian, Native Hawaiian, or Pacific Islander . -
African American or Black

Mexican American or Chicano

Puerto Rican .

Latin American, South American, Central American, or other Hispanic
White i
Other

©C NN

Which of the following best describes your highest educational attainment?

+
—

Less than a bachelor’s
Bachelor’s

Bachelor’s + additional credits
Master’s

Master’s + additional credits
Doctorate

ISAINE ol ol

Which of the following best describes your current employment status?

Temporary substitute (assigned on a daily basis)
Permanent substitute (assigned on a longer term basis)
Regular teacher (not a substitute)

Principal or assistant principal

School administrator

Curriculum supervisor

State administrator

College faculty

Other (please spccify)

VW NN AW

How many years have you taught chemistry?

Never taught chemistry
Less than a year

1 -2 years

3 - 5 years

6 s 10 years

11 - 15 years

16 - 20 years

21 or morc years

L Y o

What grade level(s) are you currently teaching? (Circle all that apply)

Preschool/Kindergarten
Grades 14

Grades 5-8

Grades 9-12

College

6. Do not teach

7. Other (please specily)

nh W=
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215.  Which of the following describes your current tcaching assignment? (Circle all that apply)?

Biology

Earth and Space Science
Ecology

General Science
Marine Scicnce
Physical Science
Physics

Chemistry

College

Do not teach

Other (please specify)

WX N AW

Powwk  puanh
e O

216.  Circle the following organizations to which you bclong.

American Association of Physics Teachers

American Association for the Advancement of Science
American Chemical Society

American Federation of Teachers

National Association of Biology Tcachers

National Association for Research in Science Teaching
National Science Supervisors Association

National Science Teachers Association

National Association for Science, Technology, and Socicty
National Education Association

Other (please specify)

WX N h N

)
— O

THANK YOU FOR COMPLETING THIS INVENTORY.
PLEASE RETURN IT WITHIN 10 DAYS USING THE ENCLOSED ENVELOPE.
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INTRODUCTION

Educational Testing Service (ETS) is deve.oping a new generation of assessments for the
purpose of licensing (certifying) teachers. The inventory that follows is part of our
development effort and is designed to gather information concerning the job of a newly
licensed physics teacher. It was developed by high school teachers, college faculty, and
state department of education officials, along with ETS staff.

Those who constructed this inventory recognize that physics teachers are required to
teach students with varying backgrounds and levels of ability. For this reason, the

- collaborators believe that teachers should have a broad and deep understanding of
physics in order to teach it. The inventory asks you to respond to a list of statements
and to judge (a) the importance of the knowledge statements for newly licen

(certified) physics teachers and (b) the level of understanding needed by newly licensed
(certified) physics teachers. Please do not relate each statement to your own job but
rather to what you believe newly licensed (certified) physics teachers should know.

The information you provide will guide the development of a new NTE Physics
examination. It is expected that the new examination will differ from the current
examination in both content and design. In addition to the development of a new
examination, this study will contribute to our understanding of physics teaching as a

profession. We expect the results of the study to be widely disseminated and to be very
useful to the profession. '

The inventory has been mailed to a group of approximately 800 professionals. Its value
is directly related to the number of individuals who return their completed inventories.
Because you represent a large number of professionals, your responses are extremely

important. The inventory requires approximately 60 minutes to complete. Please return
your completed inventory within 10 days.
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PART I - KNOWLEDGE AREAS FOR PHYSICS TEACHERS

The purpose of this inventory is to determine what you belicve newly licensed (certified) physics teachers
should know in order to perform their job in a competent manner. On the following pages you will find
cight major content areas and, beneath cach, a list of knowledge statements that define the particular content
arca. The order of presentation of the eight content areas in the inventory is not meaningful.

The cight content arcas arc:

A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY
B. BASIC TOPICS IN PHYSICAL SCIENCE

C. MECHANICS

D. ELECTRICITY AND MAGNETISM

E. WAVES

F. MODERN PHYSICS

G. SCIENCE, TECHNOLOGY, AND SOCIETY

H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES

For cach statement within cach of these content areas, you will be asked to make the following judgments:

{ow important is an understanding of this knowledge area for newly licensed (certified; physics
teachers if they are to perform their jobs in a competent manncr?

(0) Of no importance

(1) Of little importance
(2) Moderately important
(3) Important

(4) Ve:y important

What level of understanding is typically needed by newly licensed (certified) physics teachers in
cach knowledge arca?

(Note: These levels are hierarchically arranged: level #2 subsumes level #1; level #3 subsumes levels #2 and #1; level #4
subsumes levels #3, #2, and #1. The zero (0) point is not subsumed by any other scale point.)

(0) An understanding of the knowledge area is not needed.

1 (1) Requires the ability to define the terms used in the knowledge arca.

(2) Requires the ability to comprehend the essential properties of the knowledge arca.

(3) Requires the ability to apply/utilize the knowledge area to address problems or questions.

(4) Requires the ability to analyze the knowledge arca into component parts and explain
the interrelationships among the parts.

Circle your responses using the scales adjacent to cach statement. To familiarize yourself with the content
arcas and statcments, you may wish to glance through Part 1 before making your judgments.
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Evaluate each knowiledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORYANCE LEVEL OF UNDERSTANDING

(0) Of no importance {0) An understanding of the knowiledge area is not needed

(1) Of litthe importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

(3) Important - (3) APPLY/UTILIZE the knowiedge area (o address problems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interreiationships among the parts

A. SCIENTIFIC LEVEL OF
METHODOLOGY/TECHNIQUES/HISTORY IMPORTANCE UNDERSTANDING
Methodology

1. Scientific methods (e.g., formulation of problem,
hypotheses, experiments, interpretations,
predictions, conclusions) ................. 012 3 4 01 2 3 4
2. Science process skills (e.g., qualitative and
quantitative observations, interpretations,
communication, infcrences, applications) .. ... 012 3 4 01234
3. Assumptions, models, laws, and theories . . . . . . 01 2 3 4 0123 4
4. Design of experiments (e.g., controls,
independent and dependent variables) ....... 01 2 3 4 0123 4
History and Philesophy of Science
5. Historical roots of science ................ 012 3 4 0123 4
6. Contributions of individuals .. ............. 012 3 4 0123 4
7. Contributions of cthnic groups and cultures . .. 012 3 4 0123 4
~ Mathematics, Measurement, and Data Manipulation
8. The metricand SE systems . ............... 012 3 4 012 3 4
9. Scientific notation ...................... 012 3 4 01 2 3 4
10. Estimation and approximation ............. 01 2 3 4 0123 4
11. Significant figures in measurement and :
caleulations . ........ ... ... ... L 01 2 3 4 0123 4
12.  Unit/dimensional analysis ................ 012 3 4 012 3 4
13.  Experimental errors (e.g., sources,
quantifications, precision, accuracy) ......... 01 2 3 4 012 3 4
14. Mathematical rclationships and patterns in
numerical data (c.g., direct, cxponential) ... .. 01 2 3 4 012 3 4

15. Statistics of distributions
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intervelationships among the parts

Evaluate sach krnowiedge area in terms of IMPQRTANCE for snd LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics coursea if ey are to perform their job in a competent manner.

IMPORTANCE LEVEL QOF UNDERSTANDING .

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Ofiittle importance {1) DEFINE the terms used in the knowiedge area

(2) Moderately important {2) COMPREHEND the tal propertiea of the knowledge area

(3) important (3) APPLY/UTILIZE the knowiedge area to addreas problems or questions
(4) Very important (4) ANALYZE the knowledge area into component parts and explain the

A, SCIENTIFIC

METH

16.
17.

18.
19.

LOGY/TECHNI HISTORY (cont.)
Simple digital (binary) logic ...............

Organization and interpretation of data and
equations (e.g., tables, graphs,
spreadsheets) ....................... L.

Differentiation and simplc intcgration .......

Vectoralgebra .................. ... ...

Laboratory and Safety

20.

21

22.

23

24.

Use and calibration of laboratory equipment
(c.g., balances, clectrical meters, barometers,
optical equipment) .....................

Maintenance: of laboratory equipment
(e.g., balances, clectrical meters, barometers,
optical equipment) .....................

Preparation and set up of materials and
apparatus . ........ .. i e

Laboratory safety (e.g., laboratory hazards,
storage and disposal of materials) ........ .

“Emergency procedures for laboratory accidents

QOverall evaluation of the importance of
Scientific Methodology/Techniques/History . . .
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Evaiuate sach knowiedge area in terma of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no impertance (0) An understanding of the knowiedge area is not needed

(1) Of litde importance (1) DEFINE the terms used in the knowiledge area .

(2) Moderately important (2) CQMPREHEND the essential properties of the knowledge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problema or questions
(4) Very important (4) ANALYZE the knowledge area into component parts and explain the

y interrelationships among the parts

A. SCIENTIFIC
METHQDOLOGY HNI S/HISTORY (cont.)

26. How well do the knowledge areas in section A cover the important aspects of Scieatific
Methodology/Techniques/History?

1 2 3 4 5
Very Poorly Poorly Adequately well Very Well

What important aspects, if any, are not covered?

LEVEL OF
B. BASIC TOPICS IN PHYSICAL SCIENCE IMPORTANCE UNDERSTANDING

Matter and Energy
27. Physical and chemical propertics (e.g., states of

matter, homogencous, heterogeneous) . .... .. 01 2 3 4 012 3 4
28. Particulate nature of matter (¢.g., atoms, ions,

molecules) ... i 012 3 4 012 3 4
29. Elements, compounds, and mixtures . ........ 012 3 4 012 3 4
30. Physical and chemical changes ............. 012 3 4 01 2 3 4
31. Conscrvation of mass/energy . ............. 012 3 4 012 3 4
32. Forms of energy (e.g., kinetic, potential,

mechanical, sound, magnetic, clectrical, light,

heat, nuclear, chemical) . ................. 012 3 4 012 3 4
33. Encrgy transformations . ................. 01 2 3 4 01 2 3 4
Heat and Thermodynanics
34. Historical development of heat and cnergy

concepls ... i s 012 3 4 012 3 4

84
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of litthe importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

(3) Important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(4) Very important (8) ANALYZE the knowledge area into component parts and explain the

interreiationships among the parts

: LEVEL OF
B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.) IMPORTANCE UNDERSTANDING

35. Kinetic molecular theory ................. 012 3 4 012 3 4
36. Equipartition of encrgy .. ... e 0123 4 012 3 4
37. Brownianmotion............o..uuinnnn 012 3 4 012 3 4
38. Heat versus temperature ................. 012 3 4 012 3 4
39. Temperature scales and measurement . ... ... 012 3 4 012 3 4
40. Conduction, convection, and radiation ....... 012 3 4 012 3 4
41. Heat capacity, thermal exchange, heat of fusion,

and heat of vaporization ................. 012 3 4 01 2 3 4
42. Phasechanges ................ ... ... .. 012 3 4 012 3 4
43. Expansion and contraction . ....... c e 012 3 4 012 3 4
44, Zeroth law of thermodynamics (i.e., direction of

heat flow) .. ........ ... ... ... oL 01 2 3 4 01 2 3 4
45.  First law of thermodynamics (i.c., cnergy is

conserved) ... ... ... 01 2 3 4 012 3 4
46. Seccond law of thermodynamics - entropy ... .. 012 3 4 0612 3 4
47. Third law of thermodynamics (i.e., the concept

.of absolute zero temperature) ............. 012 3 4 012 3 4
48. Reversibility and irreversibility .. ........ ... 012 3 4 012 3 4

Atomic and Nuclear Structure

49. Historical discovery of particles (e.g., clectron,

NEULTON) . vt ittt e e e it 01 2 3 4 012 3 4
50. Atomic models and their experimental bases '

(Thomson, Rutherford, and Bohr) .......... 01 2 3 4 012 3 4
51. Structureof the atom . .................. 01 2 3 4 012 3 4
52. Characteristics of an clectron in an atom

(cg., shells,orbitals) . ...... ... . .. ... 01 2 3 4 01 2 3 4
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Evailuate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (ceriified) teachers of physics courses if they are to perform their job in a competent manner. .

IMPORTANCE LEVEL QF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Of litte importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions

(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the
. interrelationships among the parts

LEVEL OF
B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.) IMPORTANCE UNDERSTANDING

53. Atomic mass, atomic number, mass number, and -

ISOLOPES .« vt i i ittt i e iee e 012 3 4 012 3 4
54. Nuclear forces and binding energy .......... - 012 3 4 012 3 4
55. Types of radioactive decay (e.g., alpha, beta,

£amma emission) ...........c00iienn, 012 3 4 012 3 4
56.  Artificial and natural radioactivity .......... 012 3 4 01 2 3 4
57. Half-life of radioactive isotopes ............ 0123 4 012 3 4
58. Nuclear reaction (transmutation, fission,

fusion) ......... ... e, 012 3 4 012 3 4

59. Overall evaluation of the importance of Basic
Topics in Physical Science . . .............. 012 3 4

60. How well do thc knowledge areas in section B cover the important aspects of Basic Topics in
Physical Science?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covered?

C. MECHANICS
61. Vectorquantitics .. .............. ... 012 3 4 012 3 4

62. Relationships among position, velocity,
acceleration, and time for straight line
MOION ..ottt iie i 01 2 3 4 012 3 4
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL QF UNDERSTANDING needed by
newly licensed {certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF '!NDERSTANDING

(0) Of no importance {0) An understanding of the knowiedge area is not needed

(1) Of litde importance (1) DEFINE the terms used in the knowiedge area ‘

{2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area

(3) Impostant - (3) APPLY/UTILIZE the knowledge ares to address problems or questions
{(4) = Very important (4) ANALYZE the knowiedge area into component parts and explain the

intetreiationships among the parts

LEVEL OF
C. MECHANICS (cont.) IMPORTANCE UNDERSTANDING

63. Reference frames and relative velocity

(e.g., Galilean relativity) ................. 012 3 4 012 3 4
64. Relationships among position, velocity, constant

acceleration, and time for projectile

MOLION & . ittt 01 2 3 4 012 3 4
65. Relatiénships among position, velocity, and

centripetal accelcration for uniform circular

MOLION .. ... ... ittt 0+ 2 3 4 012 3 4
66. Periodic motion (e.g., frequency, period,

amplitude) ... ... .. 0123 4 0123 4
67. Simple harmonic motion (oscillations) ....... 012 3 4 012 3 4
68. Newton'slawsof motion ................. 01 2 3 4 012 3 4
69. Weightversusmass ..................... 012 3 4 012 3 4
70. Friction (e.g., static and dynamic

coefficients) ......... .. ... ... .. . 012 3 4 012 3 4
71. Statics (e.g., equilibrium of forces and/or

LOPQUES) « vt i e et it it 01 2 3 4 01 2 3 4
72. Relationships between work and kinetic energy

changes .. ... ... .. il o 01 2 3 4 01 2 3 4
73. Conservative forces and potential energy ... .. 01 2 3 4 012 3 4
74. Springs (c.g., Hooke’s law, encrgy

considerations) ............ ... .. .. 01 2 3 4 01 2 3 4
75. Concepts of rigid hody motion (¢.g., moment of

inertia, center of mass, torque, angular

mMOMEntUM) .. ...t ieinnnnnnanens 61 2 3 4 0123 4
76. Impulse-momentum principle . ......... ... 0123 4 012 3 4
77. Conscrvation of momentum (in both clastic and

inelastic collisions) . ........ ... ... .. ... 01 2 3 4 01 2 3 4
78. Conscrvation of angular momentum .. ....... 01 2 3 4 012 3 4
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Evaluate sach knowiedge area in terms of IMPORTANCE for and LEVEL QF UNDERSTANDING needed by
nawly licensed (certified) teachers of physics coursss if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance .(0) An understanding of the knowiledge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowledge area

{2) Moderately important (2) COMPREHEND the essential properties of the knowiedge area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions

(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the
-, interrelationships among the parts

LEVEL OF

C. MECHANICS (cont.) IMPORTANCE UNDERSTANDING
79. Conservationof energy .................. 01 2 3 4 012 3 4
80. Orbital motion (e.g., Copernicus, Galileo,
Kepler) . ... 012 3 4 612 3 4
81. Newton’s law of universal gravitation ........ 012 3 4 0’1 2 3 4

82. Fluid mechanics (e.g., Pascal’s principle,
Archimedes’ principle, Bernoulli’s
principle) . ............ ... ... .. ..... 012 3 4 012 3 4

83. Relativistic effects on length, mass, and time

(e.g., Lorentz transformations) ............. 012 3 4 012 3 4
84. Overall evaluation of the importance of
Mechanics ........................... 012 3 4

85. How well do the knowledge areas in section C cover the important aspects of Mechanics?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covercd?

D. ELECTRICITY AND MAGNETISM

86. Electric forces and Coulomb’s law

(c.g., clectroscope, pith ball experiments) . .. .. 01 2 23 4 01 2 3 4
87. Electricficlds ......................... 012 3 4 012 3 4
88. Gauss’slaw ........................... 01 2 3 4 01 2 3 4
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Evaluate each knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Of litde importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (20 COMPREHEND the essential properties of the knowiedge area

(3) Important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(8) Very important (4) ANALYZE the knowledge area into componaent parts and explain the

interrelationships among the parts

LEVEL OF
D. ELECTRICITY AND MAGNETISM (cont) IMPORTANCE DERSTANDING
89. Electric potential energy, electric potential,
and potential diffcrence ... ... ... ...l 0123 4 0123 4
). Conductors, insulators, scmiconductors . .. .... 012 3 4 012 3 4
91, Current ... .. e 012 3 4 012 3 4
92. Resistance ............ .. iiiiiineenns 0 . 2 3 4 01 2 3 4
93. Series and parallel circuits (€.g., Ohm’s law,
Kirchhoffslaws) ....................... 012 3 4 012 3 4
94, iuternal resistance of batteries . ............ 012 3 4 012 3 4
_ 95. Capacitance ...........c.c.oieinanneaans 012 3 4 012 3 4
96. Inductance .............c.ciiiiiiiaa., 012 3 4 012 3 4
97. Measurement of potential diffcrence, current,
resistance, and capacitance .. ............. 012 3 4 012 3 4
98. Alternating current circuits (c.g., average powcr,
peak, effective current) ... ... Lot 0123 4 01 2 3 4
99. Magnetic flux ......... ... .. . il 01 2 3 4 01 2 3 4
100. Faraday’s and Lenz’s laws of clectromagnetic
induction . .. ... ... i e 012 3 4 012 3 4
101. Transformers .......... ... ..o 012 3 4 01 2 3 4
102. Sovurces of EMF (c.g., batterics, photo cclls,
ENETALOTS) . vt v vttt i iiiin e ae e 012 3 4 012 3 4
103, Motors . ... e 01t 2 3 4 01 2 3 4
104. Large scale generation and transmission of
energyand power ...l o 012 3 4 01 2 & 4
105. n- and p-type semiconductors .. .. ... ... 01 2 3 4 012 3 4
106.  Semiconductor devices (¢.g., diodes,
transistors) ... ... ... 01 2 2 4 01 2 3 4
107. Integrated circuits ... ... ... [ 012 3 4 01 2 3 4
A
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL QF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of litthe importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (20 COMPREHEND the essential properties of the knowledge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems ot questions
(4) Very important (4) ANALYZE the knowledge area into component parts and explain the

interreiationships among the parts

LEVEL OF
D. ELECTRICITY AND MAGNETISM (cont.) - IMPORTANCE UNDERSTANDING

108. Superconductivity ...................... 012 3 4 012 3 4
109. Magnets . ..., 012 3 4 01 2 3 4
110. Magneticfields ........................ 01 2 3 4 012 3 4
111.  Gauss’s law of magnetism (nonexistence of

monopoles) .. ....... i 012 3 4 01 2 3 4
112. Magneticforces . .. ............ ... .ou... 012 3 4 012 3 4
113. Principle and calibration of electrical meters

{e.g., galvanometers, voltmeters, ammeters) ... 0 1 2 3 4 012 3 4
114. Types of magnetism (e.g., diamagnetism) .. ... 012 3 4 012 3 4
115. Biot-Savart law and Ampere’s law (rclating

current to magnetic field) ................ 012 3 4 012 3 4
116. Maxwell'sequations . .. .................. 012 3 4 012 3 4
117. Lorentz force law and applications (force

on a charged particle moving in an electric

and/or a magnetic ficld; cyclotron; mass

spectrometry) ........ ... i 0 1 2 3 4 012 3 4

118.  Overall evaluation of the importance of
Electricity and Magnetism . ... ............ 01 2 3 4

119. How well do the knowledge areas in section D cover the important aspects of Electricity and

Magnetism?
1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, arc not covercd?
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Evzluate sach knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance {0) An understanding of the knowiedge area is not nesded

(1) Of lite importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems of questions
(4) Very important (4) ANALYZE the knowledge area into component parts and explain the

interrelationships among the parts

LEVEL OF

" E. WAVES IMPORTANCE ~ UNDERSTANDING

120. Wave characteristics (speed, ainplitude,

wavelength, frequency) .................. 0123 4 012 3 4
121. Inverse square law for intensity ............ 012 3 4 0123 4
122. Transverse and longitudinal waves .......... 012 3 4 012 3 4
123. Absorption and transmission .............. 012 3 4 012 3 4
124. Reflection .......... ... .. 0123 4 0123 4
125. Scattering ............c.coiivennennnnn. 0123 4 0123 4
126. Refraction and Snel’s law . ............... 0123 4 012 3 4
127. Interference and superposition of waves . ... .. 012 3 4 012 3 4
128. Standingwaves .................c000 ... 012 3 4 012 3 4
129. Diffraction (Fraunhofer and Fresnel) ........ 012 3 4 012 3 4
130. Dispersion .......... ... i 012 3 4 012 3 4
131. Resonance and natural frequencies . ........ 012 3 4. 012 3 4
132. Dopplereffect . ... 012 3 4 0123 4
133. Characteristics of sound waves (pitch, loudness

[dB], speed) ... vvvirit e 012 3 4 0123 4
134. Sound: air columns and strings (c.g., timbre,

beats, harmonies) .. ... . ... L 012 3 4 01 2 3 4
135. The clectromagnetic spectrum (gamma rays to

radio Waves) . .. ... 012 3 4 012 3 4
136. Color (addition and subtraction; relationship to

freqUencY) . .. oottt e . 01 2 3 4 012 3 4
137. Coherent radiation (sources and special

Propertics) . ...t 01 2 3 4 01 2 3 4
138.  Geometric optics (c.g., mirrors, lenses, prisms,

fiber OPUCS) « v vveeeee et 0123 4 0123 4
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Evaluate sach knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courscs if they are to perform their job in a competent manner.

IMPORYANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowlodgo area

(3) important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

LEVEL OF
E. WAVES (cont.) IMPORTANCE  UNDERSTANDING
" 139. Polarization . ........ e 012 3 4 0123 4

140, THIN GIMS « v v oo e et 0123 4 012 3 4

141.  Overall evaluation of the importance of
Waves . .................... A 012 3 4

142. How well do the knowledge areas in séction E cover the important aspects of Waves?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covered?

F. MODERN PHYSICS

143. Blackbody radiation . .................... 012 3 4 012 3 4
144, Photoelectric effect . ........ ... ... .. ... 012 3 4 012 3 4
145, SPectroSCOpY . . .o v v vt it 012 3 4 0123 4
- 146. Planck’s hypothesis . .................... 012 3 4 012 3 4
147. dcBroglic’s hypothesis . .................. 01 2 3 4 012 3 4
148. Wave-particle duality .. .................. 012 3 4 012 3 4
149. Hciscnberg uncertainty principle ........... 01 2 3 4 01 2 3 4
150. Schrodinger’s wave equation . ............. 01 2 3 4 0.1 2 3 4
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Evaluate each knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance - (0) An understanding of the knowiedge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important (2) COMPREHEND the sssential properties of the knowledgo area

(3) Important (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedgs area into component parts and expiain the

interrelationships among the parts

. LEVEL OF
F. MODERN PHYSICS (cont.) IMPORTANCE UNDERSTANDING

151, Orbital theory - quantum numbers . ......... 012 3 4 012 3 4
152. Pauli exclusion principle ................. 01 2 3 4 012 3 4
© 153, Michclson;MorIcy experiment (cther and the

speedof light) ................. e 01 2 3 4 01 2 3 4
154, Special relativity . ................i.i..s 01234 0123 4
155. Lorentz transformations and inertial reference

frames ............. ... . i i, 01 2 3 4 012 3 4
156. Mass/energy transformations .............. 012 3 4 012 3 4
157. Elementary particles (c.g., hadrons, leptons) . . . 012 3 4 012 3 4
158. Strong and weak forces . ..., ... ... ... ... 012 3 4 012 3 4
159. Overall evaluation of the importance of Modern

Physics . ........ ... .., 012 3 4

160. How well do the knowledge arcas in section F cover the important aspects of Modern Physics?

1 2 3 4 5
Very Poorly Poorly Adcquatcly Well Very Well

What important aspects, if any, are not covered?

S
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly ilcensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL QF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of l.de importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important (2) CQMPREHEND the essential properties of the knowiedge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

. , LEVEL OF
G. IEN HN Y, AND SOCIETY IMPORTANCE DERSTANDIN

161. Awareness of ethical and moral responsibilities

ofscientists .......... ... i, 012 3 4 01 2 3 4
162. Awareness of ethical issues, risks, and

benefits associated with the applications of

science .. ......... e e e 012 3 4 012 3 4
163. Detection of environmental hazards ......... 012 3 4 012 3 4
164. Risk management issues associated with cnergy

production, transmission, and use .. ......... 012 3 4 012 3 4
165. Risk management issues associated with

production, storage, use, and disposal of

consumer products . ......... ... 0000 012 3 4 012 3 4
166. Waste management issues and recycling .. .. .. 012 3 4 012 3 4
167. Management of resources (e.g., soil, water,

metals, fossil fuels) ..................... 012 3 4 012 3 4
168.  Use of science and technology to predict and

prepare for natural disasters .............. 012 3 4 012 3 4
169.  Use of technology in everyday lifc (e.g., lamp,

smoke detector, TV, computer, internal

combustionengine) ..................... 01 2 3 4 012 3 4
170. Technology transfer (c.g., spin-offs from space _

technology, superconductors) .............. 012 3 4 01 2 3 4
171.  Social, political and economic issues arising from

science and technology . ............. te. 012 3 4 012 3 4

172.  Overall evaluation of the importance of Science,
Technology, and Society
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Evaiuate sach knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPQRTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowiedge area is not needed

(1) Of litle importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (F3) QQMPREHEN D the essential properties of the knowledge area

(3) important (3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowledge area into component pam and explain the

interrelationships among the parts

G. 1EN TECHNOLOGY, AND n

173. How well do the knowledge areas in section G cover the important aspects of Scicnce,
Technology, and Socicty? '

1 2 3 4 5
Very Poorly Poorly Adequatcly Well Very Well

What important aspcects, if any, are not covered?

H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF
SCIENCES IMPORTANCE UNDERSTANDING

174. Recognition of and compensation for complex
factors associated with socictal and school-
related issues that may affect thc teaching of the
physical sciences . .........0 .. . oot 012 3 4 01 2 3 4

175. Recognition of and compensation for complex
factors associated with socictal and school-
related issucs that may affect students’ lcarning
of the physical scicnces .................. 01 2 3 4 012 3 4

Curriculum: Organization and Materials

176. Rcasons for lcarning the physical sciences . . .. 012 3 4 01 2 3 4
177.  Recasons for tcaching a p'mlcular topic in
physical sciences . ........ ... .. 012 3 4 01 2 3 4
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Evaluate each knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL OF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge area is not needed

(1) Of littie Importance (1) DEFINE the terms used in the knowiledge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowiledge area

(3) important g (3) APPLY/UTILIZE the knowiedge area to address problems or questions
(4) Very important {4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

H. PEDAGOQGY SPECIFIC TO THE PHYSICAL LEVEL OF
SCIENCE nt. . IMPORTANCE . UNDERSTANDING

178. Integration within topics in the physical
SCIENCES v\t vt ie v iiennrennennnnnens 012 3 4 012 3 4

179. Integration among the physical sciences and
other disciplines ....................... 012 3 4 01 2 3 4

180. Scope and sequence of topics in the physical
sciences curricula for all students and
justification for the scope and sequence ...... 012 3 4 012 3 4

181. Lesson plans in the physical sciences curricula
for all students and justification for the
plans .. ... L 012 3 4 012 3 4

182. Selection and use of curricular materials and
resources (e.g., textbooks and other printed
materials, computer software, laboratory
materials) for the physical sciences . ......... 012 3 4 01 2 3 4

183. Selection and use of mass media (e.g., film,
television, video) appropriate for topics:in the
physical sciences ............ ..o 012 3 4 012 3 4

184, Selection and use of current technologies
(e.g., computer, videodisc, interactive television,
video) appropriate for laboratory data collection
and other instructional purposes in the physical
SCICMCES v v v ie vt vt ii e 012 3 4 012 3 4

Instruction

185. Prercquisitc knowledge, cxpericnce, and skills
that students nced for various topics in the

physical sciences ... ..o 012 3 4 01 2 3 4
186. Recognition of and accommodation to the

prior conccptions, experience, and skills that

students bring to various topics in the physical

SCICMCCS & vttt in ciiii et e s 012 3 4 012 3 4
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Evaluate each knowiedge area in terms of IMPORTANCE for and LEVEL QF UNDERSTANDING needed by
newly licensed (certified) teachers of physics courses if they are to perform their job in a competent manner.

IMPORTANCE LEVEL QF UNDERSTANDING

(0) Of no importance (0) An understanding of the knowledge ares is not needed

(1) Of litte importance (1) DEFINE the terms used in the knowiedge area

(2) Moderately important (2) COMPREHEND the essential properties of the knowledge area

(3) Important {3) APPLY/UTILIZE the knowledge area to address problems or questions
(4) Very important (4) ANALYZE the knowledge ares Into component parts and expiain the

interrelationships among the parts

H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF
SCIENCES (¢ont.) IMPORTANCE UNDERSTANDING

187. Identificatior and selection of appropriate lab
experiences for various instructional goals and
_ student learning needs ................... 012 3 4 01 2 3 4

188. Design of appropriate lab experiences for
various instructional goals and student learning
NEEAS . ...ttt 012 3 4 01 2 3 4

189. trategies for motivating and encouraging
students to succeed in the physical sciences . .. 012 3 4 012 3 4

190. Strategies for addressing controversial and/or
sensitive issues in the physical sciences . ...... 012 3 4 012 3 4

Assessment and Evalyation

191. Assessment strategies (e.g., laboratory reports,
portfolios, observations, oral discussions, written
tests, performance-based assessments, projects)
to evaluate student performance in the physical
SCIBRCES .« v r v vt ie it iieinanae e 012 3 4 012 3 4

192, Errors in student work and performance that
arise from prior conceptions about topics in the
physical sciences ....................... 012 3 4 012 3 4

Professional Concerns

193. Professional and scholarly literature
(c.g., journals, reference works) appropriate
for tcachers and students in the physical

SCIEMCES ...\t vn et en i 012 3 4 012 3 4
194.  Professional and scholarly organizations for

scicnce educators ... ... 012 3 4 012 3 4
195.  Legal responsibilitics and liabilitics for teachers

in the physical sciences .................. 012 3 4 012 3 4
196. Responsibilities for continuing education in the

physical sciences and in science education .. .. 01 2 3 4 01 2 3 4
197.  Resources available in the community ....... 012 3 4 01 2 3 4
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Evaluate each knowledge area in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed by
_newly licensed (certified) teachera of physics courses if they are to perform their job in a compstent manner.

IMPORTANCE ) LEVEL OF UNDERSTANDING

{0) Of no importance (0) An understanding of the knowiledge area is not needed

(1) Of little importance (1) DEFINE the terms used in the knowledge area

(2) Moderately important {2) COMPREHEND the essential properties of the knowiedge area

(3) Important (3) APPLY/UTILIZE the knowledge area to address probiems or questions
(4) Very important (4) ANALYZE the knowiedge area into component parts and explain the

interrelationships among the parts

H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF
SCIENCES (cont.) IMPORTANCE UNDERSTANDING
198. Science-related career information .......... 012 3 4 01 2 3 4

199. Overall evaluation of the importance of
Pedagogy Specific to the Physical Sciences . . .. 012 3 4

200. How well do the knowiedge areas in section H cover the important aspects of Pedagogy
Specific to the Physical Sciences?

1 2 3 4 5
Very Poorly Poorly Adequately Well Very Well

What important aspects, if any, are not covered?
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PART II - RECOMMENDATIONS FOR TEST CONTENT

Listed below are eight broad topics that may be covered on the new licensing examination for physics. If
the cxamination contained 100 questions, how many questions should be included from cach topic? If you

feel a category should not be included in the exam, put 0 in the space provided. Make sure your responses
sum 1o 100.

TOPICS NUMBER OF TEST QUESTIONS
' {out of 100)

201. SCIENTIFIC METHODOLOGY /TECHNIQUES/
HISTORY

202. BASIC TOPICS IN PHYSICAL SCIENCE
203. MECHANICS

204. ELECTRICITY AND MAGNETISM

205. WAVES

206. MODERN PHYSICS

207. SCIENCE, TECHNOLOGY, AND SOCIETY

208. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES

TOTAL 100

o 93
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PART 111 - BACKGROUND INFORMATION

The information that you provide in this section is completely confidential and will be used for research
purposes only. Please answer the questions by circling the number that most closely describes you or your
professional activitics. Unless otherwise indicated, please circle only one response for cach question.

209.  Where do you work?

1. Alabama 18. Kentucky 36. Ohio

2. Alaska ' 19. Louisiana 37. Oklahoma

3. Arizona 20. Maine 38. Oregon

4. Arkansas 21. Maryland 39. Pennsylvania

5. California 22. Massachusctts 40. Puerto Rico

6. Colorado 23. Michigan 41. Rhode Island

7. Connecticut 24. Minnesota 42. South Carolina

8. Delaware 25. Mississippi 43. South Dakota

9. District of 26. Missouri 44, Tennessee
Columbia 27. Montana 45, Texas

10. Florida 28. Nebraska 46. Utah

11. Georgia 29. Nevada 47. Vermont

12. Hawaii 30. New Hampshire 48. Virginia

13. Idaho 31. New Jersey 49. Washington

14. Illinois 32. New Mexico 50. West Virginia

15. Indiana 33. New York 51. Wisconsin

16. Towa 34. North Carolina 52. Wyoming

17. Kansas 35. North Dakota

210.  What is your age?

Under 25
25-34
35-44
45-54
55-64

6. Over 64

ANl O o

211, What is your sex?

1. Female
2. Male

212, Which of the following best describes the area in which you work?

Urban
Suburban
Rural

L b ==
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213.  How do you describe yourself?

Native Amecrican, American Indian, or Alaskan Native

Asian American, Asian, Native Hawaiian, or Pacific Islander

African American or Black

Mexican American or Chicano

Puerto Rican .

6. Latin American, South American, Central American, or other Hispanic
White

8. Other

LNk

~

214.  Which of the following best describes your highest educational attainment?

Less than a bachclor’s
Bachelor’s

Bachelor’s + additional credits
Master’s

Master’s + additional credits
Doctorate

T JERSES

215.  Which of the following best describes your current employment status?

Temporary substitute (assigned on a daily basis)
Permanent substitute (assigned on a longer term basis)
Regular teacher (not a substitute)

Principal or assistant principal

School administrator

Curriculum supervisor

State administratar

College faculty

Other (please specify)

e e ARl ol

216. How many years have you taught physics?

Never taught physics
Less than a year

1 -2 years

3 -5 years

6 - 10 years

6. 11 - 15 years

16 - 20 yecars

8. 21 or more ycars

ANl ol

~

217. What grade level(s) are you currently tcaching? (Circle all that apply)

Preschool/Kindergarten
Grades 1-4

Grades 5-8

Grades 9-12

College

6. Do not tcach

7. Other (pleasc spccify)

ARl ol A e

F MC Cb24
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218.  Which of the following describes your current teaching assignment? (Circle all that apply)?

Biology
Earth and Space Science
Ecology

General Science
Marine Science
Physical Science
Physics

Chemistry

College

. Do not teach

. Other (please specify)

o R S R R N R N =

219.  Circle the following organizations to which you bclong.

American Association of Physics Teachers
American Association for the Advancement of Science
American Chemical Society
American Federation of Teachers
National Association of Biology Teachers
National Association for Research in Science Teaching
National Science Supervisors Association
National Science Teachers Association
National Association for Science, Technology, and Society
. National Education Association
. Other (please specify)

o R R R R R R S N

THANK YOU FOR COMPLETING THIS INVENTORY.
PLEASE RETURN IT WITHIN 10 DAYS USING THE ENCLOSED ENVELOPE.

Cb25 1 0 2
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TR
EDUCATIONAL TESTING SERVICE ’@E PRINCETON, N.J. 08541

609-921-9000
609-734-1090 (Far)
CABLE-EDUCTESTSVC

. .
DIVISION OF APPLIED
MEASUREMENT RESEARCH

October 1990

Dear Colleague:

I am writing to ask your cooperation in a project that should be of importance to teachers,
college facuity, administrators, and other professionals in your field. Educational Testing Service
(ETS) is in the process of developing a new generation of assessments for the purpose of
licensing teachers. One type of assessment will be created to measure the prospective teacher’s
subject-matter or specialty-area knowledge and will likely take place upon completion of the
undergraduate teacher education program. One such assessment is a new version of the NTE
Chemistry examination. I am asking for your help as we develop this examination.

As part of the developmental process, ETS has worked closely with an advisory committee of
classroom teachers, college faculty, and school administrators to identify potentially important
knowledge and skill areas in chemistry instruction. The enclosed inventory has beun constructed
as a way to obtain your judgments of the importance of these areas for newly licensed (certified)

- chemistry teachers. Your responses and those of other professionals to this inventory will guide
the development of the new examination.

You will notice that the inventory asks for some background information about you; this is solely
for purposes of describing respondents. Your answers will be treated in strict confidence.

A postage-paid envelope is enclosed for the return of your completed inventory. Thank you for
your participation in this very important project.

Sincerely,

Richard Tannenbaum, Ph.D.
Associate Research Scientist .

Enclosures (2)

ol
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PremenN
. M RN
EDUCATIONAL TESTING SERVICE ‘\!E‘l§ PRINCETON, N.J. 08541

609.021.9000
609.734.1090 1Fax)
CABLE-EDUCTESTSVC
.

DIVISION OF APPLIED
MEASUREMENT RESEARCH

October 1990
Dear Colieague:

- am writing to ask your cooperation in a project that should be of importance to teachers,
college facuity, administrators, and other professionals in the field. Educational Testing Service
(ETS) is in the process of developing a new generation of assessments for the purpose of
licensing teachers. One type of assessment will be created to measure the prospective teacher’s
subject-matter or specialty-area knowledge and will likely be administered upon completion of
the undergraduate teacher education program. One such assessment is a new version of the
NTE Physics examination. I am asking for your help as we develop this examination. -

As part of the developmental process, ETS has worked closely with an advisory committee of
classroom teachers, college faculty, and school administrators to identify potentially important
knowledge and skill areas in physics instruction. The enclosed inventory has been constructed as
a way to obtain your judgments of the importance of these areas for newly licensed (certified)

physics teachers. Your responses and those of other professionals to this inventory will guide
the development of the new examination.

You will notice that the inventory asks for some background information about you; this is solely
for purposes of describing respondents. Your answers will be treated in strict confidence.

A postage-paid envelope is enclosed for the return of your completed inventory. Thank you for
your participation in this important project.

Sincerely,

Richard Tannenbaum, Ph.D.
Associate Research Scientist

Enclosures (2)
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Number Percent
GEOGRAPHIC REGION
Northcast 70 214
Central 94 28.7
Southern 76 23.2
Far West 87 26.6
Total 327
Missing Responses 2
AGE (years)
Under 25 4 1.2,
25-34 66 20.2
35-44 \ 79 24.2
45- 54 118 36.1
55 - 064 47 144
Over 64 13 40
Total 327
Missing Responses 2
SEX
Female 105 321
Male 222 67.9
Total. 327
Missing Responses 2
SCHOOL SETTING
Urban 100 30.8
Suburban 142 43.7
Rural 83 25.5
Total . 325
Missing Responscs 4

Ea2

1i0




Number Percent
RACE/ETHNICITY
Native American 5 1.6
" Asian American 9 28
Black 5 1.6
Mexican American 1 03
Puerto Rican _ 1 03
Hispanic 1 0.3
White 297 92.2
Other . 3 0.9
Total : 322
Missing Responses 7
HIGHEST EDUCATIONAL ATTAINMENT
Less than Bachelor’s 0 0.0
Bachelor’s 3 0.9
Bachelor’s + Credits 49 15.0
l\:ias(cr’s 22 6.7
Master’s + Credits 136 417
Doctorate 116 356
i Total 326
Missing Responses 3
CURRENT EMPLOYMENT STATUS
Temporary Substitute 2 0.6
Permanent Substitute 1 0.3
Regular Teacher (not a substitute) 174 55.1
Principal /Assistant Principal 0 0.0
School Administratos 1 03
Curriculum Supervisor 4 13
State Administrator o 0.0
College Faculty 81 256

Ea3
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Number Percent
CURRENT EMPLOYMENT STATUS (cont.)
Other 53 16.8
Total 316
Missing Responses 13
TEACHING EXPERIENCE (ycars)
Never taught 11 34
Less than 1 3 0.9
1-2 29 89
3-5 39 120
6-10 51 156
11-15 47 144
16 - 20 43 132
21 or more 103 31.6
Total 326
Missing Responses 3
GRADES CURRENTLY TEACHING'
Prcs_chool/@ndcrgartcn 1 0.2
Grades 1 - 4 2 0.5
Grades 5 - 8 19 50
Grades 9 - 12 183 48.2
College 114 30.0
Do Not Tcach 29 7.6
Other 32 8.4
Total 380
CURRENT TEACHING ASSIGNMENT!
Biology 35 58
Earth and Space Science 17 28 -
Ecology S 08




1

Number Percent

CURRENT TEACHING ASSIGNMENT (cont.)
General Science : 19 32
Marine Scicnce 6 1.0
Physical Science 50 83
Physics 60 10.0
Chemistry 265 4.0
College 61 10.1
Do Not Teach 30 5.0
Other 55 9.1

Total 603
MEMBERSHIP IN ORGANIZATIONS'
Amecrican Association of Physics Teachers . 28 4.0
American Association for the Advancement of Science 56 8.0
American Chemical Society 257 36.3
American Federation of Teachers 7 1.0
National Association of Biology Teachers 6 08
National Association for Research in Science Teaching 6 0.8
National Science Supervisors Association 4 0.6
National Science Teachers Association 126 17.8
National Association far Scicnce, Tcchnology, and
Socicty 1 0.1
National Educational Association 107 15.1
Other ‘ 110 15.5

Total ) 708

NOTE: Multiple responses were permitted. Hence, the totat will exceed 329 and 100%.

Eab5
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Number Percent

GEOGRAPHIC REGION
Northern 78 239
Central 9% 294
Southern 80 245
Far West 72 221

Total 326

Missing Responses 4
AGE (years)
Under 25 2 0.6
25 -134 32 9.8
35 - 44 98 30.1
45 - 54 . 131 40.2
55 - 64 53 16.3
Over 64 10 31

Total 326

Missing Responses 4
SEX
Femalc ] 60 18.4
Malc 266 80.6

Total 326

Missing Responses 4
SCHOOL SETTING
Urhan . 80 251
Suburban 126 39.5
Rural 113 354

Total : 319

Missing Responscs 1

Eb2
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Number Pcrcent

RACE/ETHNICITY
Native American 9 28
Asian American 9 2.8
Black 2 0.6
Mexican American 0 0.0
Puerto Rican 0 0.0
Hispanic 3 09
White 292 913
Other 5 1.6-

Total 320

Missing Responses 10
HIGHEST EDUCATIONAL ATTAINMENT
Less than Bachelor’s 0 0.0
Bachclor’s 3 0.9
Bachelor's + Credits 46 14.2
Master’s 13 4.0
Master’s + Credits 168 517
Doctorate 95 29.2

Total 325

Missing Responses 5 '
CURRENT EMPLOYMENT STATUS
Temporary Substitutc 0 0.0
Pcrmanent Substitute 2 0.6
Regular Tcacher (not a substitutc) 189 59.1
Principal/Assistanl Principal 3 0.9
School Administrator 3 0.9
Curriculum Supcrvisor 8 2.5
Statc Administrator 0 0.0
Collcge Faculty 95 29.7

Eb3




Number Percent
CURRENT EMPLOYMENT STATUS (cont.)
Other 20 6.3
Total 320
Missing Responses 10
TEACHING EXPERIENCE (years)
Never taught 5 1.5
Less than 1 2 0.6
1-2 9 2.8
3-5 36 111
6-10 56 17.3
11-15 43 133
16 - 20 59 18.2
21 or more 114 35.2
Total 324
Missing Responses 6
GRADES CURRENTLY TEACHING'
Preschool/Kindergarten 1 0.3
Grades 1 - 4 2 0.6
Grades 5 -8 11 31
Grades 9 - 12 194 540
Collcge 121 33.7
Do Not Teach 12 33
Other 18 50
Total 359
CURRENT TEACHING ASSIGNMENT!
Biology 11 1.7
Earth and Space Scicnce 22 34
Ecology 7 11

Eb4
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NOTE: Multiple responses were permitted. FHence, the total will exceed 330 and 100%.

EbS

Number Percent
CURRENT TEACHING ASSIGNMENT (cont.)
General Science 18 2.8
Marine Science 4 0.6
Physical Science 70 10.8
Physics 280 433
Chemistry 80 124
College . 53 8.2
Do Not Teach 12 19
Other 89 13.8
Total 646
MEMBERSHIP IN ORGANIZATIONS'
American Association of Physics Teachers 258 368
American Association for the Advancement of Science 21 30
American Chemical Socicty 28 4.0
American Federation of Teachers 19 2.7
National Association of Biology Teachers 6 09
National Association for Research in Science Teaching 2 03
National Science Supervisors Association 13 1.9
National Science Teachers Association 123 17.5
National Association for Science, Technology, and
Society 5 0.7
" National Educational Association 114 16.2
Other 113 16.1
Total 702
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Fal Mean Importance Ratings by Teachers and Teacher Educators -
Chemistry
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A. SCIENTIFIC uamocvnzwumesmtsmmk

Methodology

1.

2
3.
4

" Sclentific methods (e.g., formulation of problem, hypotheses, experiments)

Science process skills (e.g., qualitative and quantitative observations)
Assumptions, models, laws, end theoties
Design of experiments (e.g., independent and dependent variables)

History and Philosophy of Science

5.
6.
7.

Historical roots of science
Contributions of individuals

Contributions of ethnic groups and cuitures

Mathematics, Measurement, and Date Manipulation

8.
9.

10.
11,
12,
13.
14,
18.
16.
17.
18.

The metric and Sl systems

Scilentific notation

Estimation and approximation

Significant figures In measurement and calculations

Unit/dimensional analysis

Experimental errors (e.g., sources, quantifications, precision, accuracy)
Mathematical relationships and patterns in numerical data

Statistics of distributions

Simple digital (binary) logic

Organization and interpretation of data and equations

Differentiation and simple integration

Laboratory and_ Safety

19.
20.
21.
22,
23.

Use and callbration of laboratory equipment (e.g., laboratory burners)
Maintenance of laboratory equipment (e.g., laboratory burners, glassware)
Preparation and set-up of reagents, materials, and apparatus

Laboratory safety (e.g., storage and disposal of meteriais)

Emergency procedures for laboratory accidents

B. BASIC TOPICS IN PHYSICAL SCIENCE

Matter and Energy

26.
27.

ERIC

Physical and chemical properties (e.g., homogeneous, heterogeneous)

Particulate nature of matter (e.g., atoms, lons, molecules)

Fa2

121

TEACHER

TEACHERS EDUCATORS
N = 175 N = 81
Mean sD Mean SD
3.53 0.68 3.44 0.72
362 0.60 3.40 0.66
3.36 0.67 3.21 0.75
329 0.81 296 | 089
2.26 0.79 2.23 0.83
2.18 0.79 2.10 0.85
1.73 0.87 1.27 0.94
3.73 0.55 3.57 0.63°
364 0.63 3.49 0.69
3.11 0.81 307 0.83
3.30 0.81 3.22 0.87
3.56 0.7 3.25 0.92
3.10 0.74 2.79 0.79
3.17 0.7 2.83 0.86
2.01 0.90 1.99 0.83
1.56 1.09 1.57 0.86
3.40 0.67 3.08 0.82
1.53 1.01 1.81 0.95
360 0.65 3.24 0.81
3.16 0.86 273 0.91
3.73 0.64 3.22 0.78
3.90 032 3.71 0.58
3.86 0.38 3.63 0.58
332 0.71 3.36 0.74
3.72 0.52 364 0.56




B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.)

28.
29.
30.
31.
32,

Elements, compounds, and mixtures

Physical and chemical changes

Conservation of mass/energy

Forms of energy (e.g., kinetic, sound, magnetic, electrical, light)
Energy transformations

Heat and Thermodynamics

33.
34.
35.
*36.
3r.
3s.
: 39.
40.
.
42,
43,
as.
as.
46.
ar.

Historical developiivent of hoat snd eneirgy

Kinetic molecular theary

Brownian motion

Heat versus temperature

Temperature scales and measurement

Conduction, convection, and radiation

Heat capacity, thermal exchange, heat of fusion, and heat of vaporization
Concepts of enthalpy and entropy

Phase changes

Expansion and contraction

Zeroth law of thermodynamics (i.e., direction of heat flow)

First law of thermodynamics (i.e., energy Is conserved)

Second law of thermodynamics - entropy

Third law of thermodynamics (i.e., concept of absolute zero temperature)
Reversibliity and irreversibility

Atomic and Nuclear Structure

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

Q

ERIC

Aruitoxt provided by Eic:

Historical discovery of particles (e.g., electron, neutron)
Atomic models and their experimental bases

Structure of the atom

Planck’s hypothesis

deBroglie’s hypothesis

Helsenberg uncertainty principle

Schridinger's wave sguation

Orbital theory - quantum numbers

Characteristics of an elactron In sn stom (e.g., shells, orbitals)
Properties of electromagnetic radiation

Fa3
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TEACHERS

TEACHER

EDUCATORS
N =175 N = 81
Mean SD Mean SD
3.65 0.58 3.58 0.61
3.54 0.85 3.47 0.70
3.49 0.63 3.34 0.79
3.05 0.79 297 0.89
3.00 0.82 2.78 0.82
1.92 0.82 1.82 0.85
3.37 0.76 2.64 0.87
2,28 0.95 2.01 0.77
3.20 0.80 3.02 0.76
3.26 0.74 2.90 0.80
2.42 0.98 2.26 0.95
3.00 0.76 277 0.89
3.05 0.85 2.70 083
3.34 0.67 2.84 0.75
2.51 0.95 2.14 0.87
2.59 1.00 2.59 0.91
3.10 0.89 3.15 0.85
2.86 0.93 2.88 0.91
2.89 0.91 2.46 0.90
2.73 0.92 2.55 0.99
2.55 0.91 212 0.87
3.02 0.85 2.43 0.95
3.69 0.58 3.49 0.63
2.60 0.83 2.52 113
2.46 0.84 2.31 1.09
2.57 0.93 2.30 1.10
2.14 1.05 1.78 1.15
3.10 0.85 2.61 1.07
3.52 0.61 3.22 0.76
2.87 0.92 2.73 0.87




B. BASIC TOPICS IN PHYSICAL SCIENCE (cont)

58.

b4

Spocuascopy

Pauli exclusion principle

Hund's rule

Chemical properties related to electron configuration
Atomic mass, atomic number, mass number and isotopes
Nuclear forces and binding energy

Mass/energy tranaformation

Types of radioactive decay (e.g., alpha, beta, gamma emission)
Artificlal and natural radioactivity

Half-life of radlioactive isotopes

Nuclear reactions (transmutations, fission, fusion)

C. CHEMICAL PEQIODICITY

7.

72.
73.
74.
75.
76.
77.
78.

The developmaent of the periodic table

The position of metals, nonmetala, and metalioids

Trenda in molﬂng and boiling temperatures

Trends in atomic radil/lonization energy/electron affinity/ electronegativity
Relationship of period tuble to electron configurations of the atoms
Oxidation numbers for elements in a compound

Periodicity of the oxidation states of the elements

Chemical properties /reactions of elements as reflected by positions in
periodic table

D. NOMENCLATURE

81.
82,

Inorganic nomenclature of lonic compounds and acids

Nomencilature of the classes or organic compounds

E. THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY

85.
86.
87.
88.
89.
90.
91.

Q

ERIC

Aruitoxt provided by Eic:

Mole concept and mass-mole-number relationships
Information conveyed by a chemical formula

Law of constant composition and law of muitipie proportions
Percent composition of elements In a compound

Information conveyed by empirical and molecular formulas
lonic, covalent, and metaliic bonds

Rules for calculating oxidation numbers of atoms in a compound

Fa4
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BEST COPY AVAILABLE

TEACHER

TEACHERS EDUCATORS
N =175 N = 81
Mean sD Mean . SD
2.64 0.84 2.53 0.94
2.85 0.95 2.68 1.00
2,76 0.96 2.51 0.99
3.72 0.55 3.51 0.69
3.74 0.52 3.49 0.73
2.61 0.95 2.19 1.02
2.63 0.91 2,20 0.93
2.74 0.93 246 0.91
2.49 0.96 2.21 0.98
2.59 0.98 2.31 0.93
2.61 1.01 2.30 0.93
2.94 0.90 2.41 1.00
3.59 0.62 3.20 0.78
2,75 0.85 2.29 1.00
3.18 0.79 2717 0.93
3.65 0.61 3.41 0.78
3.58 0.62 3.02 0.77
3.26 0.81 2.83 0.86
3.60 0.62 3.41 . 0.65
3.40 0.70 2.91 0.90
2.49 0.86 2.49 0.89
3.82 0.45 3.7 0.53
3.78 0.45 3.7 0.53
3.19 0.76 2.89 1.00
3.32 0.74 2.90 0.89
3.46 0.65 3.24 0.79
3.52 0.61 3.31 0.79
3.31 0.78 2.82 0.86




E THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY (cont)

92,
93.
94,
95.
96.
97.
98.
99.

Q

ERIC

Aruitoxt provided by Eic:

102,
103.
104.
105,

© 106.
107.
108.
109.
110.
1",

113.
114,
11S.
116.
117.
118.
119.
120.
121.

Electron dot formulas and structural formulas
Multiple bonds
Types of bonding related to electronegativity ditferences

Vaience sheil electron pair repuision model for molecular shapes (VSEPR)

Simple structures of isomers
Chemical/physical properties of compounds
Hybrid orbitals

Resonance and delocalization

The Kinetic Theory and States of Matter
100.
101.

Assumptions of the kinetic molecular theory of gases
Maxwell-Blotzmann velocity distributions

Diffusion of gases

Rel. among volume, pressure, temperature, and quantity for ideal gases
Dalton’s law of partial pressures

Real versus ideal gases

Forces of attraction among molecules

Phase changes for a pure substance

Rel. among evaporation rate, bolling temperature, and vapor pressure
Special properties of water (s.g., d;nslty of solid versus liquid)

Rel. among phases of matter, forces between particles and particle energy

Characteristics of crystais

Chemical Reactions
112,

Equation balancing from written descriptions of chemical reactions
General types of chemicai reactions

Stoichiometry

Endothermic and exothermic reactions

Spontaneity in chemical reactions

Coliision theory and reaction rates

Activation energy and the effects of a catalyst

Rate-influencing factors in chemicai reactions

Rate expressions and orders of reactions

Reaction mechanisms

Fa5
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TEACHER

TEACHERS EDUCATORS
N =175 N = 81
Mean SD Mean SD
3.34 0.69 2.99 0.90
2.99 0.84 2.96 0.82
3.13 0.82 2.87 0.77
2.62 1.02 2.65 0.95
2.66 0.90 2.72 0.75
2.78 0.87 2.89 0.80
2.46 1.00 2.46 0.96
2.27 0.96 2.43 0.93
3.35 0.75 2.85 ‘092
2.00 0.96 2,01 0.93
2.78 0.80 2.47 0.85
3.67 0.59 3.34 0.70
3.25 0.76 3.00 0.72
2.91 0.87 2.46 0.84
295 0.83 3.04 0.85
2.86 0.88 2.56 0.87
2.86 0.81 2.61 0.87
3.00 0.80 2,99 0.74
2.75 0.86 2.33 0.81
222 0.89 1.94 0.81
3.73 0.49 3.41 0.71
3.49 0.68 2.86 0.98
3.70 0.56 3.62 0.61
3.32 0.7 295 0.78
258 0.85 2.48 1.00
2.87 0.86 2.29 0.99
2.96 0.79 2.63 0.90
3.19 0.76 2,96 0.80
2.48 0.84 2.25 0.95
2.40 0.91 2.03 1.03




E. THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY (cont.)

Q

ERIC

Aruitoxt provided by Eic:

122,
123,
124.
128,
126.
127.
128.
129,
130.

Chemical equlilbria

Le Chitelier's principle and factors that disturb the equilibrium of systems
Properties and production of ammonia (e.g., the Haber equilibrium)
Oxidation and reduction reactions

Electrochemical cells and electrode reactions

Metailurgical properties of the transition metals

Redox properties of the halogens and the halide lons

Faraday’s lawa of oloctroiyslt

Practical applications of electrochemistry (e.g., electroplating, pH meter)

Solutions and Solubiility

131.
132
133,
134,
135.
136.
137.
138.
139.
140.
141.
142,
143,
144.
14S.
146.

Types of solutions (e.g., soilkd-solid, solid-liquid, liquid-gas)
Solutes, soivents and solubility

Etfects of temperature and pronuro‘on solubllity
Dissolving process

Solubliity product (K ,.)

Concentration of solutea (e.g., dilute, concentrated, saturated; molarity)
Conductivity of solutions and the ionization process
Strong and weak electroiytes; non-electrolytes

Colligative properties of solutions

Characteristics of properties of acids, bases, and saits
Arrhenius, Brensted-Lowery, and Lewis acid-base theories
PH of solutions of strong and weak acids and bases
Relative strengths of acids and bases

Production, properties, and use of the common acids
Acid-base titration and indicators

Butfer solutions

BIOCHEMISTRY

149.
150.
151.
152,

Organic functional groups and thelr roacﬁém
Monomaers and polymers

Biologically important compounds (e.g., carbohydrates, amino acids,)

Biologically important chemical processes (e.g., bioluminescence)

Fa6

TEACHER

TEACHERS EDUCATORS
N =175 N = 81
Mean SD Mean SO

3.25 0.78 3.25 0.84
3.35 0.75 3.18 0.83
2.11. 1.01 171 0.82
3.34 0.69 3.18 0.80
2.89 0.84 2.7 0.80
197 0.93 1.63 0.85
2.28 0.99 2.14 0.84
227 0.95 2.33 0.96
2,57 0.90 2.50 0.76
3.00 0.89 2.48 0.78
3.38 0.68 2.99 0.67
3.16 0.80 2.63 0.80
3.08 0.77 2.51 087 .
2.88 0.87 2.48 0.80
3.50 0.65 3.26 0.82
2.99 081 | 270 0.82
3.10 0.81 283 | o081
276 0.93 2,59 0.91
3.63 0.56 3.58 0.59
313 0.88 3.06 0.88
3.39 0.75 3.31 0.76
3.20 0.74 3.10 0.82
2.29 0.94 2.26 0.96
3.24 0.75 2.99 0.90
2.70 o84 | 301 077
253 0.97 2.63 0.91
237 0.95 2.56 0.92
2.49 0.95 2.65 0.91
2.28 1.02 232 0.92




TEACHER

TEACHERS EDUCATORS
N =175 N = 81
Mean SD Mean SD
F. BIOCHEMISTRY (cont.)
153. Structure and replication of nucleic acids 2.04 1.1 2.19 0.99
154. Energy storage and releass in blological systems 2,09 1.10 2.09 0.98
G. SCIENCE, TECHNOLOGY, AND SOCIETY
157. Awareness of ethical and moral responsiblilitiss of scientists 3.05 0.93 2.86 0.97
158. Awareness of ethical issues/risks/benefits assoc. w/application of science 3.06 0.95 285 0.90
159. Detecticn of environmental hazards 3.10 0.81 2.51 1.08
160. Risk mgmt issues assoc. with energy production, transmission, and use 2.69 1.02 228 0.95
161. Risk mgmt issues assoc. w/production/storage/use/disposal of products 2.97 0.91 2.45 0.99
162. Waste management issues and recyciing 2.99 0.94 246 0.92
163. Management of resources (e.g., soil, water, metals, and fossii fuels) 2.92 0.97 2.46 1.10
164. Use of sclence and technology to predict and prepare for naturai disasters 2.31 1.03 1.77 0.97
165. Use of technology in everyday life (e.g., smoke detector, TV, computer) 2.74 0.98 2.52 1.00
166. Technology transfer (e.g., spin-offs from space technology,) 2.41 0.95 1.89 0.99
167. issues assoc. with use of chemicals in agricuiture/focd prep./preservation 2.67 0.93 2.41 0.86
168. Soclal, political, and economic issues arising from science and technology 2.67 0.94 2.31 1.03
H. PEDAGOGY SPECIFIC TO THE PHVSICAL SCIENCES
171. Recognition of and compensation for complex factors assoclated with 2.65 0.94 2.43 1.07
socletal and school-related issues that may affect the teaching of the
physical sciences
172. Recognition of and compensation for complex factors associated with 2.91 0.95 2.70 1.05
socistal and school-related issues that may affect student’s learning of the
physicai sciences
Curriculum: Qrganization and Materials
173. Reasons for learning the physicai sciences 3.22 0.79 2.94 0.89
174. Reasons for teaching a particular topic in the physical sclences 3.19 0.76 2.78 0.92
175. integration within topics in the physical sciences 3.24 0.77 294 0.71
176. Integration among the physical sciences and other discipiines 3.09 0.83 275 0.78
177. Scope and sequence of topics in the physical sciences curricula for all 2.96 0.85 2.49 0.80
students and justification for the scope and sequence
178. Lesson plans in the physical sciences curricuila for all students, 2.86 0.97 2.30 1.02
justification for the plans
179. Selection and use of curricular materials and resources (e.g., textbooks, 3.14 0.90 3.00 0.78
and othet printed materiais, computer software, laboratory materiais) for
the physical sciences
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TEACHER

TEACHERS EDUCATORS
N =175 N = 81
Mean sD Mean sD
H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES (cont)

180. Selection/use of mass media (e.g., film) appropriate for topics in the 2.70 0.90 2.21 0.95
physical sciences

181. Selection and use of current technologies (e.g., computer, videodisc, 2.89 0.92 2.50 0.89
interactive television, video) appropriate for laboratory data collection and
other Instructional purposes in the physical sciences

Instruction

182. Prerequisite knowiedge/experience/skiils that students need for the 3.14 0.76 3.04 0.79
physical sciences

183. Recognition of and accommodation to the prior conceptions, experience, 3.05 0.78 2.82 0.78
and skilis that students bring to various topics In the physical sciences

184. Identification and selection of appropriate iab experiences for various 3.52 0.63 3.14 |- 0.74
instructional goals and student learning needs

185. Design of appropriate lab experiences for various instructional goais and 3.40 0.78 3.01 0.81
student learning needs

186. Strategies for motivating and encouraging students to succeed In the 3.46 0.64 3.36 0.70
physical sciences

187. Strategies for addressing controversial and/or sensitive issues in the 2.95 0.87 2.78 0.87 .
physical sciences

Assessment and Evaluation

188. Assessment strategiea (e.g., iaboratory reports, portiolios, observations, 3.44 0.63 3.06 0.76
oral discussiona, written tests, performance-based assessments, projects)
to evaiuate atudent performance in the physical sciences

189. Errors in student work/performance from prior conceptions about the 2.80 0.91 2.65 0.89
physical sciencea ’

Professional Concerns

190. Professional and scholarly literature (e.g., journals, reference works) ° 2.83 0.86 2.81 0.77
appropriate for teachers and students in the physical sciences

191. Professional and scholarly organizations for science educators 2.80 0.86 2.65 0.88

192. Legal responsibilities/liabilities for teachers in the physical sciences 3.49 ' 0.66 271 0.99

193. Responsibilities for continuing education in the physical sciences/in 3.18 0.76 2.81 0.99
science education

194. Resources available in the community : 2.95 0.81 274 0.80

195. Science-reiated career information 2.84 0.86 2.83 0.83
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Fbl Mean Importance Ratings bv.Teachers and Teacher Educators -
Physics
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TEACHERS

TEACHER

EDUCATORS
' N = 191 N =95
. Mean sD Mean sD
A SCIENTIHC METHODOLOGY/TECHNIQUES /HISTORY
Methodology
1. Scientific methods (e.g., hypotheses, experiments) 3.40 0.77 3.29 0.84
2. Science process skills 3.45 0.71 3.40 0.69
3. Assumptions, models, laws, and theories ' 3.19 0.78 3.12 0.80
4. Design of experiments (e.g., independent and dependent variables) 3.20 0.88 3.01 0.82
History and Philosophy of Sclence
5. Historical roots of sclience 2.32 0.81 2.45 0.92
6. Contributions of individuals 2.27 0.75 218 0.84
7. Contributions of ethnic groups and cultures 1.72 0.90 1.63 1.02
Mathematics, Measurement, and Date Manipulation
8. The metric and Si systems 3.78 0.47 3.63 0.58
9. Sclentific notation 3.65 0.59 3.57 0.61
10. Estimation and approximation 3.47 0.80 3.20 0.85
11.  Significant figures in measurement snd calculations 3.05 0.80 2.96 0.80
12.  Unit/dimensional analysis 3.46 0.68 3.36 0.71
13.  Experimental errors (e.g., quantifications, precision, accuracy) 2.93 0.80 2.78 0.79
14. Mathematical relationships and patterns in numerical data 3.32 0.77 3.15 0.82
15.  Statistics of distributions 212 0.80 2.06 0.90
16.  Simple digital (binary) logic 1.73 0.96 1.58 0.89
17. - Organization and interpretation of dsta and equations 3.43 0.68 3.31 0.80
18.  Differentiation and simple integration 2.13 1.04 2.64 1.02
19.  Vector algebra . 3.24 0.88 3.05 0.86
Laboratory and Safety
20. Use and calibration of laboratory equipment (e.g., balances,) 3.22 0.80 3.14 0.85
21.  Maintenance of laboratory equipment (e.g., balances, glassware) 2.7 0.99 2.66 0.89
22. Preparation and set-up of reagents, materials, and apparatus 3.33 0.80 3.16 0.83
23. Laboratory safety (e.g., storage and disposal of materials) 3.50 0.77 3.27 0.80
24. Emergency procedures for laboratory accidents 3.62 0.70 3.21 0.89
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B. BASIC TOPICS IN PHYSICAL SCIENCE

Matter and Energy

27.
28.
29,
30.
31.
32.
33.

Physical and chemical properties

Particulate nature of matter (e.g., atoms, lons, molecules)
Elements, éompounds, and mixturea N
Physical and chemicat changes

Consetvation of mass/energy

Forms of energy (e.g., kinetic, potential, magnetic, electrical, light)

Energy transformations

Heat and Thermodynamics

34,
35.
36.
37.
38.
39.
40,
41,
42,
43,
44,
45,
46.
47.
48.

Historical development of t}ut and ensrgy

Kinetic molecular theory

Equipartition of energy

Brownian motion

Heat versus temperature

Temperature scalea and measurement

Conduction, convection, and radiation

Heat capacity, thermal exch., heat of fusion, and heat of vaporization
Phase changea

Expansion amd eonﬁacﬁon

Zeroth law of thermodynamics (lL.e., direction of heat flow)
First law of thermodynamics (i.e., energy is conserved)
Second law of thermodynamics - entropy

Third law of thermodynamics

Rovoﬁlbllhy and irreversibility

Atomic and Nuciear Structure

49,
50.
51,
52,
53.
54,

55.

Q
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Historical discovery of particles {e.g., electron, neutron)
Atomic models and their experimental bases

Structure of the atom

Characteristica of an electron in an atom (e.g., sheils, orbitals)
Atomic mass, atomic number, mass number and isotopes
Nuclear forces and binding energy

Types of radioactive decay (e.g., alpha, beta, gamma emission)
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TEACHER

TEACHERS EDUCATORS
N = 191 N =95
Mean sD Mean sD
2.84 0.90 2.76 0.91
3.20 0.78 3.18 0.78
2.79 0.95 2.74 0.88
2.90 0.94 2,12 0.96
3.65 0.58 3.59 0.86
3.68 0.55 3.60 0.59
3.55 0.62 3.46 0.68
214 0.80 1.93 0.76
3.03 0.85 2.52 0.85
2.32 0.99 2.06 0.88
2.24 0.86 1.99 0.87
3.30 0.75 3.34 0.73
3.1 0.82 2.94 078
299 0.80 293 071
3.14 0.79 299 0.75
3.13 0.78 2.83 0.79
291 0.82 2.67 0.79
2.89 0.86 2,98 0.85
3.36 0.76 3.46 0.76
2.97 0.88 3.03 0.89
2.94 0.90 2.47 0.84
2.47 0.90 2.36 095
233 0.83 2.19 0.82
2.68 0.86 285 0.70
3.19 0.78 3.40 0.61
2.94 0.91 2.87 0.82
3.00 0.93 3.03 0.79
2.80 0.89 2.65 0.88
2.91 0.87 292 0.84
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TEACHER

TEACHERS EDUCATORS
N = 191 N =95
Mean SD Mean SD

B. BASIC TOPICS IN PHYSICAL SCIENCE (cont) '
56.  Artificlal and naturail radioactivity 2.62 0.92 2.7 0.92
§7.  Half-life of radiocactive isotopes 2.81 0.86 2.81 0.91
5§8.  Nuclear reactiona (transmutations, fission, fusion) 2.92 0.88 278 0.75

C. MECHANICS
61.  Vector quantities 3.73 0.49 3.52 0.62
62. Rel. among position/velocity/acceleration/time straight line motion 3.81 0.45 3.66 0.54
63. Reference frames and relative velocity (e.g., Galllean relativity) 3.09 0.84 2.59 0.87
64. Rel. position/velocity/constant acceleration/time for projectile motion 354 0.63 3.24 0.77
65. Rel. position/velocity/centripetal acceleration for uniform circular motion 3.35 0.73 3.18 0.75
66. Perlodic motion (e.g., frequency, period, amplitude) 3.31 0.69 3.24 0.71
67. Simpie harmonic motion (oscillations) 3.13 0.74 3.13 0.82
68. Newton's laws of motion 3.87 0.35 3.85 0.38
69. Waelght versus mass _ 362 0.60 3.48 0.63
70.  Friction (e.g., static and dynamic coefficlents) 3147 0.76 2.83 0.76
71.  Static (e.g., equliibrium of forces and/or torques) 3.28 0.77 3.03 0.83
72. Relationships between work and kinetic energy changes 3.56 0.58 3.52 0.54
73.  Conservative forcea and potential energy 3.41 0.65 3.36 0.67
74.  Springa (e.g., Hooke's law, energy considerations) 2.81 0.83 2.85 0.78
75. Concepts of rigid body motion (e.g., moment or inertia, torque) 2.81 0.79 2.61 0.89
76. Impulse-momentum principle 3.36 0.67 2.88 0.85
77.  Consetvation of momentum (In both elastic and inelastic collisions) 3.57 0.58 3.54 0.60
78.  Conservation of angular momentum 275 0.82 3.08 0.78
79. Conservation of energy 3.79 0.42 3.86 0.38
80.  Orbital motion (e.g., Copernicus, Galileo, Kepler) 264 0.87 2.42 0.72
81.  Newton's law of universal gravitation 3.46 0.68 3.32 0.71
82. Fluid mechanics (e.g., Pascal's principle, Bernouili's principle) 248 0.84 2.51 0.80
83. Relativistic effects on length, mass, and time 235 0.87 2.16 0.98

D. ELECTRICITY AND MAGNETISM
86. Electric forcea and Coulomb's law (e.g., pith ball experiments) 344 0.68 3.47 0.68
87. Electric fields 3.19 0.69 3.22 0.72
88. Gauss's law 252 0.90 2.32 1.01
89. Electric potential energy, electric potential, and potential difference 3.45 0.63 3.31 0.64
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TEACHER

TEACHERS EDUCATORS
N = 191 N =295
Mean SO Mean SD
ELECTRICITY AND MAGNETISM (cont.)
90. Conductors, insulators, semiconductors 3.19 0.75 2.94 ) 0.78
91.  Current 3.63 0.57 348 0.56
92. Resistance 3.60 0.59 3.41 0.61
93. Series and paraliel circuits (e.g., Ohm's law, Kirchhoff's laws) B 3.50 0.61 ‘3.14 0.80
94.  Internal resistance of batteries . 2.60 0.95 2,28 0.93
95. Capacitance . 2.83 0.87 2.77 0.91
96. Inductance 2.65 0.96 2.61 0.91
97. Maeasurement of potential difference/current/resistance/capacitance 3.27 0.72 3.13 0.72
98. Alternating current clrcuits (e.g., average power, peak, effective current) 2.60 0.88 2.36 0.97 .
99. Magnetic flux . 2.69 0.86 2.69 0.89
100. Faraday’s and Lenz's laws of electromagnetic induction 2.79 0.87 2.93 0.92
101. Transformeio 2.74 0.86 2.36 0.91
102. Sources of EMF (e.g., batteries, photo cells, generators) 297 0.78 2.68 0.82
103. Motors 2.86 0.76 2.29 0.85
104. Large scale generation and transmission of energy and power 234 0.88 2.05 0.90
105. n- and p-type semiconductors : 222 0.91 1.97 0.93
106. Semiconductor devices (e.g., diodes, transistors) 235 0.86 203 0.99
107. Integrated circuits 2.16 0.91 1.82 1.08
108. Superconductivity 2.49 0.86 1.98 0.81
109. Magnets 3.18 0.71 277 0.82
110. Magnetic fleids 3.27 0.66 3.16 0.75
111. Gauss's law of magnetism (nonexistence of monopoles) 2.40 0.95 2,085 1.08
112. Magnetic forces 3.08 0.78 3.02 0.82
113. Principle and calibration of electrical meters (e.g., galvanometers) 252 0.95 2.17 0.97
114. Types of magnetism (e.g., diamagnetism) 213 0.87 1.82 0.82
115. Blot-Savart law and Ampere’s law (relating current to magnetic field) 2.49 0.97 2.51 0.99
116. Maxweil’'s equations " 213 0.99 2.20 1.16
117. Lorentz force law and applications (force on a charged particle moving in 2.33 0.87 2.69 0.91
an electric and/or a magnetic fleld; cyclotron; mass spectrometry)
WAVES
120. Wave characteristics (speed, amplitude, wavelength, frequency) 3.70 0.51 3.58 0.61
121. Inverse square {aw for intensity 3.06 0.85 2.72 0.81
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E. WAVES (cont.)
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122,
123,
124.
125.
126.
127.
128,
129.
130.
131.
132.
133.
134,
135.
136.
137.
138.
139,
140.

Transverse and longitudinal waves

Absorption and transmission

Reflection

Scattering

Refraction and Sneil's law

interference and superposition of waves '

Standing waves

Ditfraction (Fraunhofer and Fus‘nol)

Dispetsion

Resonance and natural frequencies

Doppler effect -

Characteristics of sound waves (pitch, loudness [dB], speed)
Sound: alr columns and stringa (e.g., timbre, beats, harmonics)
The electromagnetic spectrum (gamma rays to radio waves)
Color (addition and subtraction; relationship to frequency)
Coherent radiation (sources and special properties)
Geometric optics (e.g., mirrors, lenses, prisms, fiber optics)
Polarization

Thin filma

MODERN PHYSICS

143.
144,
145.
146.
147.
148.
149,
150.
151,
152,
1583.
154,

Blackbody radiation

Photoslectric effect

Spectroscopy

Planck’s hypothesis

deBrogile’s hypothesis
Wave-particie duality

Heisenberg uncertainty principle
Schrédinger’s wave equation
Orbital theory - quantum numbers
Paull exclusion principle
Micheison-Morley experiment (ether and the speed of light)
Special relativity

Fb6

TEACHER

TEACHERS EDUCATORS
N =191 N=9§

Mean sD Mean SO
3.45 0.67 3.07 0.82
2,98 0.79 247 0.82
3.47 0.67 3.06 0.82
2.79 0.85 232 0.87
3.48 0.64 3.23 0.72
3.41 0.69 324 0.77
3.1§ 0.77 2.96 0.88
3.03 0.81 2.73 0.88
2.66 0.84 2.39 0.79
2,98 0.78 3.04 0.80
3.20 0.75 2.79 0.77
3.1§ 0.82 2.60 0.99
2.71 0.97 2.41 0.84
3.36 0.74 324 0.88
2.81 0.92 2.21 0.77

- 241 0.93 2.25 0.90
3.37 0.72 3.20 0.79
2.86 0.79 2,585 0.82
2.41 0.83 2,01 0.87
2.36 0.89 2.56 0.94
3.02 0.81 297 0.82
2.82 0.84 295 0.82
2.74 0.92 285 1.02
2.51 0.90 2.85 0.98
3.05 0.82 3.03 0.93
2.61 0.89 2.67 0.93
2.02 0.94 2.06 1.09
2,55 0.98 2.46 0.98
2.36 0.97 2,62 1.00
2,65 0.92 2,52 0.95
2,61 0.88 2,62 0.96
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TEACHER

TEACHERS EDUCATORS
N = 191 N = 95
Mean sD Mean SO
F. MODERN PHYSICS {cont) )
155. Lorentz transformations and inertial reference frsmes 2.14 0.88 2.12 0.95
156. Mass/energy transformations 2.84 0.87 2.74 0.89
157. Elementary particlea (e.g., hadrons, ieptons) 2.08 0.90 217 1.08
158. Strong and weak forces 2.31 0.91 2.09 1.04
G. SCIENCE, TECHNOLOGY, AND SOCIETY
161. Awareness of ethical and moral responsibiiitiea of sclentists 2.94 0.90 2.84 0.98
162. Awareness of ethical issues, risks, and benefits assoc. with the 292 0.89 '.88 0.90
appiication of science :
163. Detection of environmental hazt - ’ 2.88 0.86 2.60 0.99
164. Risk management issues assoclated with energy production, 2.64 0.88 229 0.92
transmission, and use
165. Risk mgmt issues associated with production/storsge/use/disposal of 2.64 0.92 2.16 0.91
products
166. Waste management issues and recyciing 2.70 0.97 2.32 0.96
167. Management of resources (e.g., soil, water, metals, and fossil fuels) 2.67 0.96 2.28 0.93
168. Usae of science and technology to predict snd prepare for natural 2.3 1.04 1.89 1.00
disastera
169. Use of technology in everyday life (e.g., lamp, smoke detector, TV, 3.02 0.86 2.7 0.94
computer) .
170. Technology transfer {(e.g., spin-ofis from space technology, 2.59 0.89 1.98 0.93
superconductors)
171. Social, political, and economic issues arising from science and 2.75 0.88 2.34 0.93
technology
H. PEDAGOGY SPECSIFIC TO THE PHYSICAL SCIENCES
174. Recognition of and compensation for complex factors associated with 2.58 0.98 2.37 1.04
societal and school-related issues that may atfect the teaching of the i
physical sclences
175. Recognition of and compensation for complex factors associated with 2.89 0.96 2.65 0.98
societal and school-related issues that may affect student’s learning of
the physical sclences
Curriculum: Organization and Materials
176. Reasons for learning the physical sciences 3.22 0.86 2.94 0.94
177. Reasons for teaching a particular topic in the physical sciences 3.19 0.85 2.88 0.95
178. Integration within topics in the physical sciences 2.99 0.81 2.82 0.85
179. Integration among the physical sciences snd other disciplines 2.86 0.82 2.64 0.79
180. Scope and ssquence of topics in the physical sciences curricuia for all 2.63 0.92 2.37 1.00
students and justification for the scope and sequence
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H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES (cont.)

181. Lesson plans in the physical sciences curricuia for ail students,
justification for the plans

182. Selection and use of curricular materials and resources (e.g., toxtbooks,
and other printed materiais, computer software, laboratcry materials) for
the physical sciences

183. Selection/use of mass media (e.g., film) appropriate for topics in the
physicai sciences

184. Selection and use of current echnoiogies (e.g., computer, videodisc,
interactive television, video) appropriate for laboratory data collection
and other instructional purposes in the physical sciences

Instruction

185. Prerequisite knodhdgo/oxporbnco/skllls that students need for the
physical sciences

186. Recognition of and accommodation to the prior conceptions, experience,
and skilis that students bring to various topics in the physical sciences

187. Identification and selection of appropriate lab experiences for various
instructional goals and student learning needs

188. Design of appropriate lab experiences for various Instructional goals and
student learning needs

189. Strategies for motivating and encouraging students to succeed in the
physical sciences

190. Strategies for addressing controversial and/or sensitive issues In the

physical sciences

Assessment and Evaluation

191.

192.

Assessment strategies (e.g., laboratory reports, portfolios, observations,
oral discussions, written tests, performance-based assessments,
projects) to evaluate student performance in the physical sclences

Errors in stident work/performance from prior conceptions about the
physical sciences

Professional Concerns

193.

194.
195.
196.

197.
198.

ERIC
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Professional and scholarly jiterature (e.g., journais, reference works)
appropriate for teachers and students in the physical sciences

Professional and scholarly organizations for science educators
Legal responsibilities /liabilities for teachers in the physical sciences

Responsibilities for continuing education in the physical sciences/in
science education

Resources available in the community

Sclence-related career information
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TEACHER

TEACHERS EDUCATORS
N =191 N=295
Mean SD Mean SD
2.51 1.00 2.07 1.10
3.10 0.80 2.80 0.87
2.83 0.85 2.49 0.93
2.95 0.80 2.59 0.94
3.00 0.82 2.90 0.94
2.94 0.87 2.99 0.99
3.33 0.74 3.26 0.76
3.24 0.80 3.10 0.87
3.38 0.72 3.36 0.77
2.70 0.92 2.56 0.92
3.22 0.77 2.98 0.76
2.95 0.87 2.87 0.78
2.82 0.82 2.74 0.83
2.76 0.88 2.78 0.87
3.06 0.98 2.52 0.97
3.00 0.81 2.67 0.95
275 0.95 2.66 1.04
2.86 0.85 2.7 0.88




Appendix G

Gal Percent of Responses by Level of Understanding Category - Chemistry

Gbl Percent of Responses by Level of Understanding Category - Physics
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Gal Percent of Responses by l.evel of Understanding Category - Chemistry
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A SCIENTIFIC METHODOLOGY /TECHNIQUES/HISTORY
Masthodology

1

-

3 Assumptions, models, laws, and theories

4 Design of experiments (e.g., independent/dependent variables)
History and Philosophy of Science

5 Historical roots of science

6 Contributions of individuals

7 Contributions of ethnic groups and cultures

Scientific methods (e.g., formulation of problem, hypotheses, etc.)

Sclence process skills (e.g., qualitative/quantitative observations)

Mathematics, Measurement, and Data Manipulation

8 The metric and Si systems
9  Scientific notation
10 Estimation and approximation
11 Significant figures in measurement and calculations
12  Unit/dimensional analysis
13 Experimental errors (e.g., sources, precision, accuracy)
14 Mathematical rolntlomi\lps and patterns in numerical data
1§  Statistics of distributions
16  Simple digital (binary) togic
17  Organization and interpretation of data and equations
18 Differentiation and simple integration
Laboratory and Safety
19  Use and calibration of laboratory equipment
20 Maintenance of laboratory equipment
21  Preparation and set-up of reagents, materials, and apparatus
22 Laboratory safety
23 Emergency procedures for laboratory accidents

ERIC
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Level of Understanding

% Responding
0 1 2 3 4
00 | 1.82 | 12.16 [37.08 | 48.94
00 | 61 | 1003 [41.38 | 48.02
00 | 245 | 19.27 [aa65 | 3364
00 | 306 | 17.43 [29.45 | 40.06
'2.78 |19.44 | 56.79 J17.59 | 3.40
3.08 |24.62 | 53.23 [16.31 2.77
19.50 |29.41 | 40.56 | 8.98 1.55
00 | 153 | ss0 [37.00 | s5.96
00 | 215 | 7.67 [40.49 | 49.69
31 | 245 | 19.88 [53.21 | 24.16
31 | 123 | 1656 [47.24 | 3466
92 | 245 | 9.48 [37.61 | 4954
00 | 337 | 23.93 |esss | 28.22
31 | 491 | 21.78 |a3.56 | 29.45
6.42 [16.21 | 4281 |2097 | 459
17.30 (2830 | 3239 [17.30 | 472
00 | 1.58 | 11.69 [46.77 | 40.00
15.00 {16.88 | 35.63 (27.50 | 5.00
00 | 123 | 1080 [51.85 | 36.11
154 | 462 | 26.15 (4585 | 21.85
62 | .62 | 12.46 [48.29 | 36.01
00 | 62 | 646 (3631 | 56.62
00 | .31 5.85 [40.00 | 53.85

Levei of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to
address problems or questions: 4 = Anaiyze the knowledge area into component parts and explain the interrelationships among

the parts.
Ga2
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B. BASIC TOPICS IN PHYSICAL SCIENCE

Matter and Energy
26  Physical and chemical properties
27  Particulate nature of matter
28 Elements, compounds, and mixtures
23  Physical and chemical changes
30 Conservation of mass/energy
31 Forms of energy
32 Energy transformations
Heat and Thermodynamics
33  Historicai development of heat and energy concepts
34 Kinetic molecular theory
35 Brownian motion
36 Heat versus temperature
37 Temperature scales and measurement
38 Conduction, convection, and radiation
39 Heat capacity/thermal exchange/heat of fusion and vaporization
40 Concepts of enthaipy and entropy
41  Phase changes
42 Expansion and contraction
43  Zaroth law of thermodynamics
44  First law of thermodynamics
45  Second law of thermodynamics
46  Third law of thermodynamics
47  Reversibility and irreversibility
Atomic and Nuciear Structure
48 Historical discovery of particles
49 Atomic models and their experimentai bases
50 Structure of the atom

Q
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Level of Understanding

% Responding

0 1 2 3 4
00 | 279 | 1547 2025 | 41.80
00 | 31 | 683 [31.99 | 60.87
00 | .00 | 903 {3240 | sa.57
00 | 1.56 | 1028 {3707 | 51.00
00 | 63 | 1442 |3699 | a7.96
00 | 311 | 2640 |38.20 | 3230
.31 4.05 | 24.30 [43.93 27.41
345 2069 | 5172 [2038 | 376
31 | a64 | 2260 [3839 | 34.06
216 1698 | 48.15 [2407 | 864
00 | 644 | 2025 |34.66 | 38565
00 | 400 | 1846 [46.15 | 31.38
1.55 [1a.55 | 38.08 [29.41 | 16.41
00 | 307 | 2301 4540 | 2853
31 | 460 | 27.91 3497 | 3221
00 | 368 | 19.33 [4233 | 34.66
125 [12.85 | 36.05 [3386 | 1599
245 [11.66 |'3528 [34.66 | 15.95
61 | 552 | 2301 [37.12 | 3374
62 | 554 | 2923 [3069 | 2492
61 | 7.95 | 3242 |36.39 | 22.63
62 | 932 | 3075 [38.51 | 20.81
123 1662 | 44.31 (2523 | 1262
62 | 7.72 | 35.49 |3272 | 23.46
00 | 125 | 11.88 3240 | s4.52

Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to
address problems or questions: 4 = Analyze the knowledge area into component parts and explain the interrelationships among

the parts.
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% Responding
0 1 2 3 4
B. BASIC TOPICS IN PHYSICAL SCIENCE (cont)

51  Planck’s hypothesia 1.55 |11.46 | 37.15 |35.60 | 14.24
52 deBroglie's hypothesis 1.85 |13.54 | 40.00 [33.54 11.08
53  Heisenberg uncertainty principle 1.85 [12.35 | 39.81 [31.79 | 1420
54 Schrodinger’'s wave equation 8.02 [20.37 | 41.67 |23.15 6.79
55  Orbital theory - quantum numbers 154 | 585 | 21.23 |42.77 | 28.62
§6 Characteristics of an electron in an atom 00 | 245 | 1258 |41.72 | 4325
57 Properties of electromagnetic radlation ' 92 | 675 | 30.98 [40.49 ! 20.86
58 Spectroscopy . 61 8.28 | 37.12 |35.89 18.10
59 Paull exclusion principle ' 1.53 | 9.48 | 32.72 |37.00 19.27
60 Hund's ruie 1.85 {10.15 | 31.38 {38.15 18.46
61 Chemical properties related to electron configuration .00 .61 6.69 |31.91 60.79
62 Atomic mass, atomic number, mass number and isotopes 00 | 214 7.03 31.19 59.63
63  Nuclear forces and binding energy 215 {1200 | 37.54 |36.00 § 12.31

64 Mass/energy transformation 92 |10.12 | 41.41 |33.44 14.11

65 Types of radioactive decay .30 |12.80 | 3537 |38.72 | 12.80
66 Artificial and natural radioactivity 1.24 |17.65 | 37.15 |34.67 9.2
67 Half-life of radioactive isotopes 92 {1227 | 37.12 |36.50 13.19
68 Nuclear reactiona 92 (1407 | 36.09 |35.78 | 13.15

C. CHEMICAL PERIODICITY .
71 The development of the periodic table ' 61 . 8.87 | 31.50 [33.03 | 25.99
72 The position of metais, nonmetals, and metatloids 00 | 245 1564 (35.58 46.32
73  Trends in meiting and boiling temperatures 61 | 7.06 | 32.21 (4080 | 19.33
74 Trends in atomic radii/lonization energy/eiectron affinity/ electronegativity 31 400 | 1692 [43.08 | 35.69
75 Relationship of periodic table to electron configurations 00 61 9.51 31.90 57.98
76 Oxidation numbers for elements in a compound .00 | 1.54 | 11.08 ]43.08 44.31.
77  Periodicity of the oxidation states of the elements 00 | 247 | 20,68 [41.36 | 3549
78 Chemical properties/reactions of elements as reflected by their positions in the 00 31 9.54 (42115 | 48.00
periodic table

Level of Understanding

Levei of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to
address problems or questions; 4 = Analyze the knowiedge area into component parts and explain the interrelationships among
the parts.
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D. NOMENCLATURE

81
82

Inorganic nomenciature of ionic compounds and acids

Nomenclature of the classes of organic compounds

E. THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Mols concept and mass-mole-number relationships

lnformat'lon conveyed by a chemical formula

Law of constant composition and law of multiple proportions
Percent composition of elements in a compound

information conveyed by empirical and molecular formulas
‘lonic, covalent, and metallic bonds

Rules for calculating oxidation numbers of atoms in a compound
Electron dot formulas and structural formulas

Multipie bonds

Types of bonding related to electronegativity differences
Valence sheil electron pair repulsion model (VSEPR)

Simple structures of isomers

Chemical/physical properties of compounds related to type of bonding/geometry
Hybrid orbitals '

Resonance and delocalization

The Kinetic Theory and States of Matter

100
101
102
103
104
108
106
107
108

Q
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Assumptions of the kinetic molecular theory of gases

Maxwell-Boltzmann velocity distributions

Diffusion of gases

Relationships among volume/pressure/temperature/quantity for ideai gases
Dalton’s law of partial pressures

Real versus ideal gases

Forces of attraction among molecules
Phase changes for a pure substance

Relationships among evaporation rate/bolling tempornguro/vapor pressure

Level of Understanding

% Responding
0 1 2 3 4
00 | 436 | 1558 4642 | 33.64
63 | 752 | 30.72 {44.83 16.30
.00 31 281 ]23.13 73.75
.00 31 4,72 {25.16 69.81
31 3.14 | 18.55 [42.14 35.85
00 1.57 1195 [43.71 42.17
00 | 1.89 | 11,04 |37.54 49.53
00 | 220 9.75 {3522 | 5283
32 | 284 14.51 [44.16 38.17
00 | 1.58 | 1230 {4543 | 40.69
31 3.14 | 2547 |41.51 29.56
00 | 253 | 2025 (4241 34.81
157 | 9.12 | 3145 [3522 22.64
&) $.97 | 3270 [40.25 | 20.75
94 | 3.76 | 31.97 |39.50 | 23.82
157 | 723 | 3742 [37.11 16.67
1.89 |[12.89 | 36.79 [32.08 16.35
32 | 3.48 | 2278 (35.13 38.29
538 (18.67 | 4209 [26.58 7.28
00 | 669 | 3599 [42.99 14.33
.00 31 7.23 [31.45 | 61.01
00 | 1.57 | 1478 [49.06 | 34.59
95 | 662 | 27.76 [38.17 | 26.50
63 | 4.39 | 24.76 [41.07 29.15
63 | 5.02 | 34.17 {39.81 20.38
94 5.03 | 27.99 [44.65 21.38

Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to
address problems or questions: 4 = Analyze the kaowledge area into component pans and explain the interrelationships among

the parts.
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Level of Understanding

% Responding
0 1 2 "3 4

E. THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY (cont)
109  Special properties of water .00 | 281 | 27.50 {40.31 | 29.38
110  Relationships among phases of matter, forces between particles/particle energy 1.25 6.27 34.80 |(34.80 22.88
111 Characteristics of crystals 1.86 [17.65 | 51.08 [23.84 5.57
Chemical Reactions
112 Equation balancing from written description of chemical reaction .00 62 | 654 12866 | 64.17
113 General types of chemical reactions 31 3.10 | 16.10 [33.44 | 47.06 .
114  Stoichlometry .00 31 559 |23.29 70.81
115  Endothermic and exothermic reactions 00 | 1.24 | 1491 [40.68 ‘| 43.17
116  Spontansity in chemical reactions 31 (1049 | 31.79 [35.49 21.91
117 Coliision theory and reaction rates 62 | 7.14 | 33.23 3665 | 22.36
118 Activation energy and the effects of a catalyst 31 | 3.74 | 27.73 |42.37 | 2586
119  Rate-infiuencing factors in chemicat reactions .00 | 1.86 | 24.22 }41.30 | 32.61
120 Rate expressions and orders of reactions 93 {1211 33.54 (37.89 15.53
121  Reaction mechanisms 1.25 |13.44 39.06 31.25 15.00
122 Chemical equillbria ’ .00 186 | 1579 |36.53 | 4582
123 Le Chiteiler's principle and factors that disturb the equilibrium systems . .00 | 248 | 1455 3684 | 46.13
124 Properties and production of ammonia ' 435 (1894 | 44.41 |24.84 7.45
125 Oxidation and reduction reactions .00 .62 | 13.89 [40.74 | 4475
126 Electrochemical celis and electrode reactions 31 464 | 27.24 [4272 | 25.08
127  Metallurgical properties of the transition metais 463 (25.31 46.30 |20.06 3.70
128 Redox properties of the halogens and the halide ions 279 [13.31 | 4458 [30.96 8.36
129 Faraday's law of electrolysis 3.09 {1204 | 40.43 {3272 11.73
130  Practical applications of electrochemistry 92 | 9.85 | 3569 {39.69 | 13.85
Solutions and Solubility
131 Types of solutions .00 7.12 | 33.44 (36.22 23.22
132 Solutes, solvents and solubliity 00 | 247 | 17.28 |aa.75 | 35.49
133 Effects of temperature 31 215 | 27.08 |39.08 | 3138
134  Dissolving process . 00 | 492 | 3323 |3569 | 26.15
135  Solublility product (K, ) 00 | 619 | 2260 [45.82 | 25.39

Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to
address problems or questions; 4 = Analyze the knowledge area into component parts and explain the interrelationships among
the parts.

Ga6
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Level of Understanding

% Responding
0 1 2 3 4
E. THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY (cont)
136 Concentration of solutes .00 .62 13.23 [35.38 | 50.77
137 Conductivity of solutions and the ionization process - .00 | 433 | 24.77 (4241 28.48
138 Strong and weak eletrolytes; non-electrolytes .00 | 559 | 2360 |41.30 | 20.50
139  Coliigative properties of solutions .62 | 7.43 | 30.34 3963 | 2198
140  Characteristic properties of acids, bases, and saits .00 .93 10.84 (386.53 | 51.70
141 Arrhenius, Brensted-Lowry, and Lewis acid-base theories .00 | 585 | 19.08 [38.92 | 38.15
142 pH of solutiona of strong and weak acids and bases .00 .77 11.38 |44.92 40.92
143 Relative strengths of acids and bases 00 | 1.54 | 19.14 [43.52 | 35.80
134 Production, properties, and use of the common acids 3.08 [17.23 | 40.00 {28.00 11.69
145  Acid-base titration and indicators 00 | .92 | 1692 [4462 | 37.54
146  Buffer solutions . 31 4.62 | 26.46 |42.77 | 25.85
F. BIOCHEMISTRY .
149 Organic functional groups and their reactions 1.25 | 8.13 | 34.06 (3969 | 1688
150 Monomcrs and polymers 62 [12.15 | 43.30 [31.46 | 1246
151  Blologically important compounds 94 [11.29 | 39.18 [34.17 | 14.42
152  Biologically important chemical processes : 282 1567 | 41.69 2727 | 1254
153  Structure and replication of nuclelc acids 599 [17.98 | 43.85 (2177 10.41
154  Energy storage and release in biologicai systems 6.84 [1893 | 39.43 |24.29 10.41
155  Overall importance of Blochemistry
G. SCIENCE, TECHNOLOGY, AND SOCIETY
157 Awareness of sthical and moral responsibiiities of scientists 31 9.20 | 30.37 |[27.61 32.52
158 Awareness of ethical issues/risks /benefits associated with the application of 31 | 7.33 | 31.08 [3046 | 30.77
science
159  Detection of environmental hazards .61 | 6.44 | 33.74 |3098 | 28.22
160  Risk management issues assoc. with energy production/transmission/use 2,78 |10.49 | 39.81 |28.40 | 18.52
161 Risk mgmt issues assoc. with production/siorage/use/disposal of cons. products 1.55 | 7.43 | 34.98 (3344 | 2260
162  Waste management issues and recycling 93 | 6.79 | 33.64 |34.26 | 24.38
163 Management of resources 1.85 | 9.23 | 31.38 }33.54 | 24.00
164  Use of science and technology to predict and prepare for natural disaster 6.15 |18.46 | 41.23 (2277 | 11.38

Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to

addrass probiems or questions: 4 = Analyze the knowledge area into component parts and explain the interrelationships among
the parts.
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Level of Understanding

% Responding
0 1 2 3 4
G. SCIENCE, TECHNOLOGY, AND SOCIETY (cont)
165 Use of technology in everyday life 1.86 | 9.29 | 34.98 [33.13 | 20.74
166 Technology transfer 2.79 j(14.24 47.06 (23.84 12.07
167 Issues assoc. with the use of chemicals in agricuiture/food preparation/ 1.23 [10.46 | 39.69 |32.31 16.31
preservation :
168  Social, poiitical and economic issues arising from science and technoiogy 246 {1138 | 37.23 (3046 | 18.48
H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES '
171 Recognition of/compensation for complex factors - teaching 255 | 8.60 | 36.62 |31.85 | 20.38
172  Recognition of/compensation for complex factors - tearning 158 | 6.96 | 30.38 3259 | 28.48
Curriculum: Ovganization, Materiale and Management
173  Reasons for Isarning the physical sciences .31 | 500 | 2250 [38.13 | 34.06
174 Reasons for teaching a particular topic in the physical sciences .00 | 5.66 | 25.47 |38.68 | 30.19
175 Integration within topica in the physical sciences .00 | 281 | 24.69 [4094 | 31.56
176  Integration among the physical scisncea and other disciplines .00 | 3.74 | 2060 [3894 | 27.73
177 Scope and u(iuonoo of topica in the physical sclonco_s 64 | 6.69 | 30.89 {37.26 | 24.52
178 Lesson plans In the physical sciences curricula 1.89 | 6.92 | 32.08 {36.16 | 22.96
179 Selection and use of curricular materials and resources 62 | 279 | 19.50 [41.49 | 35.60
180 Selection and use of masa medla 124 | 5.90 | 33.54 {4596 | 13.35
181  Selection and use of current technologies . 31 592 | 28.66 |48.60 | 16.51
Instruction
182 Prerequisite knowledge, experience, and skilis 63 | 4.06 | 22,50 |50.00 | 22.81
" 183 Recognition of and accommodation to the prior conceptions, experience, and skiils 31 4.40 | 26.10 |46.23 | 22.96
184 Identification/selection of appropriate lab experiences for various instructional goals .31 93 | 13.04 |47.83 | 37.89
185 Design of appropriate lab experiences for various instructional goals 62 | 218 | 11.84 4766 | 37.69
186  Strategies for motivating and encouraging students to succeed 00 | 125 | 13.08 |46.42 | 39.25 .
187  Strategies for addressing controversial and/or sensitive issues 93 | 467 | 2555 (4393 | 24.92
188 Assessment strategies for student performance in the physical sciences .00 155 1398 [45.03 39.44
189 Errors in student work and performances that arise from prior conceptions 125 | 4.05 | 30.53 [40.81 23.36

Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to

address problems or questions; 4 = Analyze the knowledge area into component parts and explain the interrelationships among
the parts.
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Level of Understanding

% Responding

. 0 1 2 3 4
H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES (cont).
Professional Cowicerns
190  Professional and scholarly iiterature _ ’ .94 | 6.58 | 33.86 {43.89 | 14.73
191  Professional and scholarly organizations for science educators 1.26 | 8.18 | 34.28 [42.14 | 1415
192 Legal responsibliities and liabiiities for teachers in the physical sciences V 94 | 3.76 | 25.08 [40.75 | 20.47
193 Responsibilities for continuing education 63 | 5.02 | 24.76 4545 | 24.14
194  Resources avallable in the community .85 | 820 | 29.65 [44.48 | 16.72
195 Science-related career information 00 | 596 | 34.48 [39.50 | 20.08
196 Overall importance of Pedagogy Specific to the Physical Sciences

O
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Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the
knowledgs area: 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to
address problems or questions: 4 = Analyze the knowledge area into component parts and explain the interrelationships among
the parts.
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Level of Understanding

% Responding
0 1 2 3 4
A SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY
Methodology "
1 Sclentific methods (e.g., formulation of problem, hypotheses. etc.) .00 2.15 | 1046 {41.85 45.54
2 Science process skills (e.g., qualitative/quantitative obssrvations) .00 1.84 | 11.66 |40.18 | 4632
3 Assumptions, models, laws, and theoties ]| 3.07 | 1994 [44.48 32.21
4 Design of experiments (e.g., Independent/dependent variables) .00 275 | 19.88 |42.51 | 34.86
History aixd Philosophy of Science
5 istorical roots oi sclience 248 | 1238 | 55.42 [25.08 464
6 Contributions of individuals 280 | 18.01 | 5280 {23.29 311
7 Contributions of ethnic groups and cuitures 12.69 | 25.39 | 45.51 (14.24 217

Mathematics, Measurement, and Deta Manipulstion

8 The metric and S! systems .00 2.44 4.88 132,01 | 60.67

9 Sclentific notation .00 1.83 6.10 |36.28 | 55.79
10 Estimation and approximation - .00 183 | 17.43 |43.43 | 37.31
11 Significant figures In measurement and caiculations .00 3.07 | 18.20 [47.85 | 30.67
12 Unit/dimensional analysis 3 1.83 9.48 4404 | 4434
13 Expetimental errors (e.g., sources, precision, accuracy) 00 | 245 | 22.02 {5199 | 23.55
14 Mathematical relationships and patterns in numerical data 3 1.83 | 14.98 ]42.20 | 40.67
15 Staﬁs_ﬁcs of distributions . 398 | 1284 | 44.33 33.03 5.81
16  Simple digital (binary) logic 1028 | 22.74 | 43.93 {1900 | 4.05
17  Organization and Interpretation of data and equations - .00 93 9.29 i39.94 49.85
18 Differentiation and simple integration - 3.42 | 11.80 | 32.30 [37.89 | 14.60
19 Vector algebra ' 62 | 187 | 1589 |4330 | 38.32

Laboratory and Safety

20 Use and calibration of laboratory equipment .00 217 | 17.08 [54.35 | 26.40
21  Maintenance of laboratory equipment 1.24 6.19 | 29.41 (4892 | 14.24
22 Preparation and set-up of reagents, materiais, and apparatus .00 1.87 17.76 [46.11 34.27
23 Laboratory safety .62 1.24 13.31 {45.51 39.32
24 Emergency procedures for laboratory accidents .62 ]| 12.77 |45.17 41.12

Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the knowledge area; 2=
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into component parts and explain the interrelationships among the parts.
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Level of Understanding

% Responding
0 1 2 3 4
B. BASIC TOPICS IN PHYSICAL SCIENCE
Matter and Energy
27  Physical and chemical properties 31 | 464 | 2663 (4334 | 2508
28  Particulate nature of matter 00 1.54 | 18.83 |45.37 | 34.26
29 Elements, compounds, and mixtures 0G 4.66 29.19 [40.06 26.09
30 Physical and chemical changes ' .00 528 | 26.71 |41.61 |.26.40
31 Conservation of mass/energy 00 31 8.64 |36.73 | 54.32
32 Forms of energy 00 93 7.10 {3519 | 56.79
33 Energy transformations 31 .62 7.74 |41.49 | 49.85
Heat and Thermodynamics
34 Historical deveiopment of heat and energy concepts 2.18 | 13.71 | 53.58 |25.86 4.67
35 Kinetic molecular theory 62 279 | 27.55 (4489 | 24.15
36 Equipartition of energy ’ 258 | 1677 | 37.74 |34.84 8.06
37 Brownlan motion 1.56 14.02 | 45.17 |33.64 5.61
38 Heat versus temperature .00 1.86 14.24 |40.25 43.65
39 Temperature scalea and measurement . O 2.78 16.36 {52.78 21.78
40 Conduction, convection, and radlation 31 278 | 2191 |4846 | 26.54
41 Heat capacity/thermal exchange/heat of fusion and vaporization .00 93 | 1517 |51.08 | 32.82
42 Phase changes 00 2.48 ) 18.58 [48.92 .| 30.03
43 Expansion and contraction .00 3.41 2570 |50.18 | 20.74
44  Zeroth law of thermodynamics 62 497 | 26.40 [45.65 | 22.36
45 First law of thermodynamics .93 00 | 12.42 |45.65 | 40.99
46 Second law of thermodynamics 1.25 4.98 24.92 142.37 26.48
47  Third law of thermodynamics 93 590 | 31.37 |40.68 | 21.12
48  Reversibility and irreversibility - 2.48 9.29 | 3715 |37.77 | 13.31
Atomic and Nuciear Structime .
49 Historical dl;eovory of particles .93 15.74 | 46.30 [29.32 7.72
50 Atomic modeis and their experimental bases .62 6.17 | 31.79 4599 15.43
51  Structure of the atom .00 248 | 1889 [43.96 34.67
§2 Characteristics of an electron in an atom .62 4.01 26.23 [43.83 | 25.31

Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 =
Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into component parts and explain the interrelationships among the parts.
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Level of Understanding

% Responding
0 1 2 3 4
8. BASIC TOPICS W PHYSICAL SCIENCE (cont.)
53  Atomic mass, alomic number, mass number snd isotopes .00 5.61 18.69 |43.30 | 32.40
54  Nuclear forou and binding energy ' .31 7.79 | 33.02 |39.56 | 19.31
55 Types of radioactive decay 31 495 | 31.27 |43.34 | 20.12
56 Artificial and natural radioactivity .3 8.02 | 36.42 4228 | 1298
57  Hait-ife of radioactive isotopes 31 | 525 | 2870 {4722 | 1852
58 Nuclear reactions 31 648 | 2593 [48.15 19.14
C. MECHANICS
61  Vector quantities 00 62 | 342 3385 | 6211
62 Rel. among position, velocity, acceleration, and time for straight line motion .00 31 1.86 |27.95 | 69.88
63 Reference frames and relative velocity (e.g., Galilean relativity) .62 3.74 | 26.17 |41.74 | 27.73
64 Rel. among position/velocity/constant acceleration/time for projectile motion .00 .93 6.50 |38.08 | 54.49
65 Rel; among position, velocity, centripetal acceleration for uniform circular motion 31 1.24 8.39 [44.72 | 4534
66 Periodic motion .00 .93 11.15 |49.23 38.70
67" Simple harmonic motion (osciliations) 62 1.55 | 13.35 |[51.55 | 32.92
68 Newton’s law of motion .00 31 93 {2198 | 76.78
69  Weight versus mass .00 93 | 712 |[28.79 | €3.18
70 Friction (e.g., static and dynamic coefficients) .00 217 | 16.77 |50.00 | 31.06
71 Statics (e.g., equilibrium of forces and/or torques) .00 1.86 | 14.60 {44.10 | 39.44
72 Relationships between work and kinetic energy changes 31 31 557 [41.49 | 52.32
73 Conservative forces and potential energy .00 .93 9.03 (4268 | 47.35
74  Springs (e.g., Hooke's iaw) .00 280 | 23.60 5217 | 21.43
75 Concepts of rigid body motion 00 | 374 | 2866 [46.11 | 21.50
76  Impuise-momentum principle 31 280 | 14.29 (4565 | 36.96
77 Consetvation of momentum .00 .62 6.50 [39.32 | 53.56
78 Conservation of angular momentum .00 433 | 2322 {46.75 | 25.70
79 Conservation of energy .00 31 277 (2646 | 70.46
80  Orbital motion .00 5.25 39.20 [41.67 13.89
81  Newton's law of universal gravitation 00 | 155 | 1362 |39.84 | as89

Level of Understanding: O = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge srea; 2 =

Comprehend the essentis| properties of the knowiedge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into component parts and explain the interrelationships among the parts.
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Level of Understanding

% Responding
0 1 2 3 4
C. MECHANKCS (cont)
82 Fluld mechanics 31 805 | 20.72 [49.23 12.69
83  Relativistic effects on length, mass, and tine 1.85 | 1235 | 38.58 137.65 9.57
D. ELECTRICITY AND MAGNETISM
86 Electric forces and Coulomb's law 00 .62 9.63 |47.52 42.24
87  Electric fields ‘ 00 | 155 | 1641 |s077 | 31.27
88 Gauss's law 4.10 662 | 32.18 [43.22 | 13.88
89 Electric potential snergy, electric potential, and potential ditference .00 95 9.84 |48.39 40.32
90 Conductors, insulators, semiconductors .00 1.59 | 27.30 |{47.30 | 23.81
91 Current .00 32 6.35 |46.67 | 45.67
92 Resistance 00 | .32 | 669 |48.41 | aase
93 Series and paraliel circuits .00 .32 8.28 [46.82 44.59
94 Internal resistance of batteries 2.22 6.35 | 36.19 {4190 | 13.33
95 Capacitance .32 5.10 | 24.84 [50.00 19.75
96 Inductance .32 796 | 27.07 |a7.45 17.20
97 Measurement of potential differencs, current, resistance, and capacitance .00 .96 14.65 |50.96 33.44
98 Alternating current circuits 1.27 6.05 | 31.85 |46.82 14.01
99 Magnetic flux 232 605 | 31.53 ]43.95 18.15
100 Faraday's and Lenz's laws of electromagnetic induction .64 4.14 | 28.03 {46.18 | 21.02
101 Transformers 96 | 541 | 3312 [4682 | 13.69
102 Sources of EMF .00 3.18 | 28.34 |51.91 16.56
103 Motors 64 510 | 33.44 {47.45 13.38
104 Large scaie generation and transmission of energy and power 127 | 1115 | 50.32 [28.03 9.24
105 n- and p-type semiconductors 482 | 12,86 | 43.41 |34.08 4.82
106 Semiconductor devices 3.49 | 13.02 | 43.81 |3385 6.03
107  Integrated circuits 538 | 18.67 | 44.62 126.58 4.75
108  Superconductivity 1.60 14.74 47.76 |30.13 5.77
109 Magnets .00 95 | 29.75 [46.84 247
110 Magnetic flelds .00 1.27 | 17.72 149.37 | 31.65

Level of Understanding: 0 = An undsrstanding of the knowledge area is not needed: 1 = Define the terms used in the knowledge area; 2 =
Comprehend the essentiai properties of the knowiedge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into component parts and explain the interrelationships among the parts.
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D. ELECTRICITY AND MAGNETISM {(cont)

111
112
113
114
118
116
17

Gauss’s law of magnetism
Magnetic forces

Principle and calibration of siectrical meters

Types of magnetism

Biot-Savart law and Ampere's law
Maxweil's equations

Lorentz force law and applications

E. WAVES

120

121.

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

Wave characteristics

inverse square law for intensity
Transverse and longitudinal waves
Absorption and transmission
Reflection

Scattering

Refraction and Sneli's law
Interference and superposition of waves
Standing waves '
Ditfraction

Dispersion

Resonance and natural frequencies
Doppler effect

Characteristics of sound waves
Sound: air columns and strings
The electromagnetic spectrum
Color

Coherent radiation

Geometric optics

Polarization

Thin films

Levei of Understanding

% Responding
0 1 2 3 4
541 | 11.15 | 4045 [33.76 | 9.24
32 | 190 | 2247 |s1.58 | 2373
383 | 831 | 3578 [38.34 | 13.74
256 | 21.73 | 47.28 [2396 | 447
223 | 1115 | 3535 [3599 | 1529
571 | 18.10 | 39.05 [26.03 | 11.11
161 | 1020 | 37.62 {3537 | 15.11
.00 93 | 586 {3364 | 59.57
62 | 248 | 2074 [46.13 | 30.03
00 | 3.10 | 17.03 [41.80 | 38.08
31 | 556 | 3148 |4228 | 2037
00 | 123 | 1451 [47.53 | 3673
93 | 556 | 3148 (4815 | 13.89
.00 62 | 9.57 (4830 | 4352
00 | 123 | 1296 [47.84 | 3796
31 93 | 19.14 [53.09 | 26.54
62 | 556 | 2593 [50.00 | 17.90
31 | 901 | 3789 [4224 | 10.56
00 | 154 | 2531 [5000 | 23.15
31 | 217 | 2267 [49.07 | 2578
155 | 4.02 | 27.24 {3839 | 28.79
185 | 525 | 37.35 [37.04 | 1852
00 | 309 | 2037 |3920 | 37.35
124 | 619 | 38.08 [37.48 | 17.03
219 | 1000 | 4469 (3460 | B8.44
.00 62 | 11.76 [47.06 | 40.56
00 | 564 | 3072 |50.47 | 13147
251 | 1003 | 4232 |3574 | s.40

Leve' of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 =

Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into ccmponent parts and explain the interrelationships among the parts.
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F. MODERN PHYSICS

143
144
145
146
147
148
149
150
151
152
153
154
158
156
157
158

161
162
163
164
168
166
167
168
169
170
171

Biackbody radiation

Photoelectric effect

Spectroscopy

Pianck’s hypothesis

deBroglie’s hypothesis
Wave-particie duality

Heisenberg uncertainty principle
Schridinger’'s wave equation
Orbital theory - quantum numbers
Pauli exclusion principle
Michelson-Moriey experiment
Speciai relativity

Lorentz transformations and Inertial reference frames
Mass/energy transformations
Elementary particles

Strong and weak forces

G. SCIENCE, TECHNOLOGY, AND SOCIETY

Awareness of ethical and moral responsibiiities of scientists

Awareness of ethical issues/risks/benefits assoc. with the application of science
Detection of environmental hazards

Risk management issues assoc. with energy production/transmission/use

Risk mgmt issues assoc. with production/storage/use/disposal of cons. products

Weste management issues and recycling

. Management of resources

Use of sclence and technology to predict and prepare for natural disaster
Use of technology in everyday life
Technology transfer

Social, political and economic issues arising from science and technology

Gb7

152

Level of Understanding

% Responding
0 1 2 3 4
1.56 8.75 | 46.56 {34.38 8.75
00 250 | 3250 [44.38 | 20.63
31 3.75 35.94 (4281 17.19
.63 7.21 33.86 |40.44 17.87
94 8.75 | 34.69 |40.94 | 14.69
31 4.97 | 28.26 (4224 | 24.22
31 9.35 | 36.76 [38.94 14.64
4.08 | 20.38 | 41.69 |27.59 6.27
1.25 9.66 | 37.69 |38.01 13.40
1.25 11,29 | 41.07 (3574 10.68
1.57 8.46 | 4044 136.68 12.85
31 10.31 36.88 (41.25 1128
3.44 | 16.56 | 44.06 }30.00 594
.63 7.21 31.66 [44.51 1599
250 | 22.19 | 46.25 [24.38 4.69
3.14 | 22.54 | 40.57 |28.30 5.35
1.25 6.54 33.96 {36.45 21.81
1.24 6.21 34.47 |38.51 19.87
1.25 8.10 | 40.50 {32.71 1745
1.57 1195 | 4277 |31.13 12.58
3.13 1285 | 4232 (2947 12.23
3.13 10.31 42.19 (32.19 12.19
2.51 12.85 39.18 [32.29 1317
7.23 15.41 41.82 |26.73 8.81
1.25 563 | 31.56 [(43.44 18.13
1.88 15.63 | 40.31 |32.81 9.38
2.19 §.44 | 3844 ]37.50 13.44

Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the knowledge area; 2 =
Comprehend the essential properties of the knowiedge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into component parts and explain the interrelationships among the parts.




H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES

174
175

Recognition of /compensation for compiex factors - teaching
Recognition of/compensation for compiex factors - learning

Curriculum: Ovganization, Malerials and Management

176  Reasons for learning the physicai sciences
177 Reasons for teaching a particular topic in the physical sciences

178  Integration within topics in the physical sciences

179  Integration among the physical sciences and other discipiines

180 Scope and sequence of topics in the physical sciences

181 Leuoc; plans in the physical sclences curricula

182  Selection and use of curricular materiais and resources

183  Selection and use of mass media

184  Selection and use of current technoiogies
instruction —

185 Prerequisite knowledge, experience, and skills

186 Recog. of and accommodation to the prior conceptions, experience, and skills

187 Idonuﬂéaﬂon/ulocﬁon of approp. lab experiences for various instructional goals

188  Design of appropriate lab experiences for various instructional goais

189  Strategies for motivating and encouraging students to succeed

190  Strategies for addressing contrcversial and/or sensitive issues
Assessment and Evalustion

191  Assessment strategies for student performance in the physical sciences

192  Errors in student work and performances that arise from prior conceptions
Professional Concems

193  Professional and scholariy literature

194 Professional and scholarly organizations for science educators

185  Legal responsibilities and liabilities for teachers In the physical sciences

196 Responsibiiities for continuing education

197  Resources available in the community

198  Sclence-reiated career information

Level of Understanding

% Responding
0 1 2 3 4
417 | 962 | 3718 3397 | 15.06
354 | 611 |'2894 |40.84 | 2058
1.60 | 319 | 2208 4121 | 3195
64 | 478 | 2420 [41.72 | 28.66
31 | 503 | 2862 |39.94 | 26.10
31 | 660 | 3176 [4214 | 19.18
255 | 892 | 3471 [39.49 | 1433
381 | 984 | 3587 |3587 | 1460
1.58 | 473 | 21.45 {5205 | 20.19
191 | 605 | 2030 [49.08 | 13.69
159 | 476 | 2021 4825 | 16.19
160 | 543 | 2364 4505 | 24.28
158 | 633 | 26.58 (4051 | 25.00
95 | 1.89 | 1577 [4385 | 37.54
127 | 253 | 17.09 [4335 | 3576
94 | 220 | 1667 [4025 | 39.94
283 | 660 | 3050 (4088 | 19.18
63 | 316 | 19.62 4430 | 3228
95 | 443 | 2500 |4652 | 23.10
222 | 728 | 3797 [s924 | 1320
318 | 828 | 3503 (4013 | 13.38
32 | 794 | 3587 (3238 | 2349
192 | 673 | 3333 [38.78 | 19.23
256 | 831 | 34.19 [39.94 { 1502
32 | 772 | 3569 [39.87 | 16.40

Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 =

Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 =
Analyze the knowledge area into component parts and explain the interrelationships among the parts.
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Appendix H

Hal Mean Importance Ratings by Subgroups - Chemistry

Hbt Mean Importance Ratings by Subgroups - Physics
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Hal Mean Importance Ratings by Subgroups - Chemistry
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