Virginia Board of Education Agenda Item

Agenda Item: L Date: April 24, 2014

First Review of Recommendation of the Advisory Board on Teacher Education and
Title Licensure (ABTEL) for a Passing Score for the Praxis Il Middle School Science Test

(5440)

Mrs. Patty S. Pitts, Assistant Superintendent, Division of Teacher Education and
Presenter .

Licensure
E-mail Patty.Pitts@doe.virginia.gov Phone (804) 371-2522

Purpose of Presentation:
Action required by state or federal law or regulation.

Previous Review or Action:
No previous review or action.

Action Requested:
Action will be requested at a future meeting. Specify anticipated date below:
May 22, 2014

Alignment with Board of Education Goals: Please indicate (X) all that apply:

Goal 1: Accountability for Student Learning

Goal 2: Rigorous Standards to Promote College and Career Readiness
Goal 3: Expanded Opportunities to Learn

Goal 4: Nurturing Young Learners

X | Goal 5: Highly Qualified and Effective Educators

Goal 6: Sound Policies for Student Success

Goal 7: Safe and Secure Schools

Other Priority or Initiative. Specify:

Background Information and Statutory Authority:
Goal 5: The approval of passing scores on the professional assessments supports the goal of highly
qualified and effective educators in Virginia’s classrooms and schools.

Section 22.1-298.1. Regulations governing licensure of the Code of Virginia require that the Board of
Education’s regulations “shall include requirements that a person seeking initial licensure: 1. Complete
professional assessments as prescribed by the Board of Education;....”

Currently, the Virginia Board of Education requires the following licensure assessments:

e Virginia Communication and Literacy Assessment (VCLA)
e Praxis Il: Specialty Area Tests
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e Reading for Virginia Educators (RVE)

e School Leaders Licensure Assessment (SLLA)

The Board of Education prescribes the Praxis Il (subject area content) tests as a professional teacher’s
assessment requirement for initial licensure in Virginia. The Praxis Il test currently required for
individuals seeking an initial license with an endorsement in Middle Education 6-8: Science is the
Praxis 11 Middle School Science (0439) test.

The Educational Testing Service (ETS) that administers the Praxis Il has developed the revised Praxis |1
Middle School Science (5440) test. The purpose of the test is to assess whether the entry-level middle
school science teacher has the content knowledge and skills believed necessary for competent practice.
Test preparation resources and materials, including study guides and practice tests, are available on the
ETS Test Preparation Web site.

Summary of Important Issues:

A multistate standard-setting study was conducted by ETS in February 2014 for the Praxis 11 Middle
School Science (5440) test. Participants from 20 states and Guam served on the multistate study panel.
Virginia was represented by two Virginia educators who were nominated by Virginia school divisions.
A detailed summary of the study, Multistate Standard-Setting Technical Report — Praxis 1l Middle
School Science (5440) is attached (Appendix A) and includes participants, methodology, and
recommendations. The purposes of the study were to (a) recommend the minimum passing score for the
Praxis Il Middle School Science (5440) test and (b) confirm the importance of the Praxis content
specifications for entry-level middle school science teachers. To pass the Praxis 11 Middle School
Science (5440) test, a candidate must meet or exceed the passing score established by the Virginia Board
of Education.

The Praxis Test at a Glance document (Appendix B) describes the purpose and structure of the
assessment. In brief, the purpose of the test is to assess whether the entry-level middle school science
teacher has the content knowledge and skills believed necessary for competent practice. A National
Advisory Committee of middle school science teachers and college faculty defined the content of the
assessment, and national surveys of teachers and college faculty confirmed the content.

The Praxis 11 Middle School Science (5440) test contains 125 selected-response items covering six
content areas: Scientific Inquiry, Methodology, Techniques, and History (approximately 15 items);
Basic Principles of Matter and Energy (approximately 15 items); Physical Sciences (approximately 28
items); Life Sciences (approximately 30 items); Earth and Space Sciences (approximately 22 items); and
Science, Technology, and Society (approximately 15 items). The reporting scale for the Praxis Il
Middle School Science (544) test ranges from 100 to 200 scaled-score points.

Multistate Standard-Setting Study

The multistate standard-setting study is detailed in Appendix A. The multistate panel recommended a
passing score of 60 out of a possible 100 raw-score points. The scaled score associated with a raw score
of 60 is 150 on a 100 to 200 scale.

The multistate standard-setting study provides the estimated conditional standard error of measurement
(CSEM). The CSEM is a statistical phenomenon and is unrelated to the accuracy of scoring. All test
2



results are subject to the standard error of measurement. If a test taker were to take the same test
repeatedly, with no change in his level of knowledge and preparation, it is possible that some of the
resulting scores would be slightly higher or slightly lower than the scores that precisely reflects the test
taker’s actual level of knowledge or ability. The difference between a test taker’s actual score and his
highest or lowest hypothetical score is known as the standard error of measurement.

The CSEM for the recommended passing scores for multistate standard-setting study are shown below.
Note that consistent with the recommended passing score, the passing scores at the different CSEMs
have been rounded to the next highest number, and the rounded values are converted to scaled scores.

Conditional Standard Error of Measurement Summaries
Middle School Science (5440)

Passing Scores Within 1 and 2 CSEMs of the Recommended Passing Score — Multistate Panel

Recommended passing score (CSEM) Scale score equivalent
60 (4.92) 150
- 2 CSEMs ol 137
-1 CSEM 56 144
+1 CSEM 65 157
+2 CSEMs 70 164

At the March 24, 2014, meeting the Advisory Board on Teacher Education and Licensure recommended
that the Virginia Board of Education approve the passing scaled score recommended by the multistate
standard-setting panel of 150 (60 raw-score points) for the Praxis Il Middle School Science (5440) test
with an implementation date of July 1, 2015.

Impact on Fiscal and Human Resources:
Costs associated with the administration of Praxis Il tests will be incurred by the Educational Testing
Service. Prospective teachers are required to pay test fees.

Timetable for Further Review/Action:
This item will be presented to the Board of Education for final review at the May 22, 2014, meeting.

Superintendent's Recommendations:

The Superintendent of Public Instruction recommends that the Board of Education accept for first
review the Advisory Board of Teacher Education and Licensure’s recommendation that the Virginia
Board of Education approve a pass score of 150 (60 raw-score points) for Praxis I Middle School
Science (5440) test to become effective on July 1, 2015. In addition, allow the acceptance of Virginia
approved passing scores for initial licensure for individuals who take the Praxis 11 Middle School
Science (5440) test prior to Virginia’s implementation date of July 1, 2015.
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EXECUTIVE SUMMARY

To support the decision-making process of education agencies establishing a passing score (cut
score) for the Praxis™ Middle School Science (5440) test, research staff from Educational Testing

Service (ETS) designed and conducted a multistate standard-setting study.

PARTICIPATING STATES

Panelists from 20 states and Guam were recommended by their respective education agencies.
The education agencies recommended panelists with (a) experience as either science teachers or college
faculty who prepare science teachers and (b) familiarity with the knowledge and skills required of

beginning science teachers.

RECOMMENDED PASSING SCORE

ETS provides a recommended passing score from the multistate standard-setting study to help
education agencies determine an appropriate operational passing score. For the Praxis Middle School
Science test, the recommended passing score® is 60 out of a possible 100 raw-score points. The scaled

score associated with a raw score of 60 is 150 on a 100—200 scale.

! Results from the two panels participating in the study were averaged to produce the recommended passing score.
i



To support the decision-making process for education agencies establishing a passing score (cut
score) for the Praxis™ Middle School Science (5440) test, research staff from ETS designed and
conducted a multistate standard-setting study in February 2014 in Princeton, New Jersey. Education
agencies? recommended panelists with (a) experience as either science teachers or college faculty who
prepare science teachers and (b) familiarity with the knowledge and skills required of beginning science
teachers. Twenty states and Guam (Table 1) were represented by 32 panelists. (See Appendix A for the
names and affiliations of the panelists.)

Table 1
Participating Jurisdictions and Number of Panelists

Arkansas (2 panelists) Nevada (1 panelist)
Delaware (1 panelist) New Hampshire (1 panelist)
Guam (1 panelist) New Jersey (2 panelists)
Hawaii (1 panelist) North Carolina (1panelist)
Idaho (2 panelists) North Dakota (2 panelists)
Kansas (1 panelist) Rhode Island (1 panelist)
Kentucky (2 panelists) South Carolina (2 panelists)
Louisiana (2 panelists) South Dakota (2 panelists)
Maine (1 panelist) Virginia (2 panelists)
Maryland (2 panelists) West Virginia (1 panelist)

Mississippi (2 panelists)

The following technical report contains three sections. The first section describes the content and
format of the test. The second section describes the standard-setting processes and methods. The third
section presents the results of the standard-setting study.

ETS provides a recommended passing score from the multistate standard-setting study to
education agencies. In each jurisdiction, the department of education, the board of education, or a
designated educator licensure board is responsible for establishing the operational passing score in
accordance with applicable regulations. This study provides a recommended passing score,*® which

represents the combined judgments of two panels of experienced educators. Each jurisdiction may want

Z States and jurisdictions that currently use Praxis were invited to participate in the multistate standard-setting study.
® In addition to the recommended passing score averaged across the two panels, the recommended passing scores for each
panel are presented.
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to consider the recommended passing score but also other sources of information when setting the final
Praxis Middle School Science passing score (see Geisinger & McCormick, 2010). A jurisdiction may
accept the recommended passing score, adjust the score upward to reflect more stringent expectations, or
adjust the score downward to reflect more lenient expectations. There is no correct decision; the
appropriateness of any adjustment may only be evaluated in terms of its meeting the jurisdiction’s needs.

Two sources of information to consider when setting the passing score are the standard error of
measurement (SEM) and the standard error of judgment (SEJ). The former addresses the reliability of
the Praxis Middle School Science test score and the latter, the reliability of panelists’ passing-score
recommendation. The SEM allows a jurisdiction to recognize that any test score on any standardized
test—including a Praxis Middle School Science test score—is not perfectly reliable. A test score only
approximates what a candidate truly knows or truly can do on the test. The SEM, therefore, addresses
the question: How close of an approximation is the test score to the true score? The SEJ allows a
jurisdiction to gauge the likelihood that the recommended passing score from a particular panel would
be similar to the passing scores recommended by other panels of experts similar in composition and
experience. The smaller the SEJ, the more likely that another panel would recommend a passing score
consistent with the recommended passing score. The larger the SEJ, the less likely the recommended
passing score would be reproduced by another panel.

In addition to measurement error metrics (e.g., SEM, SEJ), each jurisdiction should consider the
likelihood of classification errors. That is, when adjusting a passing score, policymakers should consider
whether it is more important to minimize a false-positive decision or to minimize a false-negative
decision. A false-positive decision occurs when a candidate’s test score suggests that he should receive a
license/certificate, but his actual level of knowledge/skills indicates otherwise (i.e., the candidate does
not possess the required knowledge/skills). A false-negative decision occurs when a candidate’s test
score suggests that she should not receive a license/certificate, but she actually does possess the required

knowledge/skills. The jurisdiction needs to consider which decision error is more important to minimize.



OVERVIEW OF THE PRAXIS MIDDLE SCHOOL SCIENCE TEST

The Praxis Middle School Science Test at a Glance document (ETS, in press) describes the
purpose and structure of the test. In brief, the test measures whether entry-level science teachers have the
knowledge/skills believed necessary for competent professional practice.

The two and a half-hour test contains 125 selected-response® items covering six content areas:
Scientific Inquiry, Methodology, Techniques, and History (approximately 15 items), Basic Principles of
Matter and Energy (approximately 15 items), Physical Sciences (approximately 28 items), Life Sciences
(approximately 30 items), Earth and Space Sciences (approximately 22 items), and Science, Technology,
and Society (approximately 15 items).> The reporting scale for the Praxis Middle School Science ranges

from 100 to 200 scaled-score points.

PROCESSES AND METHODS

The design of the standard-setting study included two expert panels. Before the study, panelists
received an email explaining the purpose of the standard-setting study and requesting that they review
the content specifications for the test. This review helped familiarize the panelists with the general
structure and content of the test.

The standard-setting study began with a welcome and introduction by the meeting facilitator.
The facilitator described the test, provided an overview of standard setting, and presented the agenda for

the study. Appendix B shows the agenda for the panel meeting.

REVIEWING THE TEST
The standard-setting panelists first reviewed the test and then discussed it. This discussion helped
bring the panelists to a shared understanding of what the test does and does not cover, which serves to

reduce potential judgment errors later in the standard-setting process.

* Twenty-five of the 125 selected-response items are pretest items and do not contribute to a candidate’s score.
> The number of items for each content area may vary slightly from form to form of the test.
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The test discussion covered the major content areas being addressed by the test. Panelists were
asked to remark on any content areas that would be particularly challenging for entry-level teachers or

areas that address content particularly important for entry-level teachers.

DESCRIBING THE JUST QUALIFIED CANDIDATE

Following the review of the test, panelists described the just qualified candidate. The just
qualified candidate description plays a central role in standard setting (Perie, 2008); the goal of the
standard-setting process is to identify the test score that aligns with this description.

Both panels worked together to create a description of the just qualified candidate — the
knowledge/skills that differentiate a just from a not quite qualified candidate. To create this description,
they first split into smaller groups to consider the just qualified candidate. Then they reconvened and,
through whole-group discussion, created the description of the just qualified candidate to use for the
remainder of the study. After the description was completed, panelists were split into two, distinct
panels that worked separately for the remainder of the study.

The written description of the just qualified candidate summarized the discussion in a bulleted
format. The description was not intended to describe all the knowledge and skills of the just qualified
candidate but only highlight those that differentiate a just qualified candidate from a not quite qualified
candidate. The written description was distributed to panelists to use during later phases of the study

(see Appendix C for the just qualified candidate description).

PANELISTS” JUDGMENTS

The standard-setting process for the Praxis Middle School Science was a probability-based
Modified Angoff method (Brandon, 2004; Hambleton & Pitoniak, 2006). In this study, each panelist
judged each item on the likelihood (probability or chance) that the just qualified candidate would answer
the item correctly. Panelists made their judgments using the following rating scale: 0, .05, .10, .20, .30,
40, .50, .60, .70, .80, .90, .95, 1. The lower the value, the less likely it is that the just qualified candidate
would answer the item correctly because the item is difficult for the just qualified candidate. The higher
the value, the more likely it is that the just qualified candidate would answer the item correctly.

Panelists were asked to approach the judgment process in two stages. First, they reviewed both

the description of the just qualified candidate and the item and decided if, overall, the item would be
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difficult for the just qualified candidate, easy for the just qualified candidate or moderately
difficult/easy. The facilitator encouraged the panelists to consider the following rules of thumb to guide
their decision:

o Difficult items for the just qualified candidate are in the 0 to .30 range.

e Moderately difficult/easy items for the just qualified candidate are in the .40 to .60 range.

e Easy items for the just qualified candidate are in the .70 to 1 range.

Next, panelists decided how to refine their judgment within the range. For example, if a panelist
thought that an item would be easy for the just qualified candidate, the initial decision located the item
in the .70 to 1 range. The second decision for the panelist was to decide if the likelihood of answering it
correctly is .70, .80, .90, .95 or 1.

After the training, panelists made practice judgments and discussed those judgments and their
rationale. All panelists completed a post-training survey to confirm that they had received adequate
training and felt prepared to continue; the standard-setting process continued only if all panelists
confirmed their readiness.

Following this first round of judgments (Round 1), item-level feedback was provided to the
panel. The panelists’ judgments were displayed for each item and summarized across panelists. Items
were highlighted to show when panelists converged in their judgments (at least two-thirds of the
panelists located an item in the same difficulty range) or diverged in their judgments.

The panelists discussed their item-level judgments. These discussions helped panelists maintain a
shared understanding of the knowledge/skills of the just qualified candidate and helped to clarify aspects
of items that might not have been clear to all panelists during the Round 1 judgments. The purpose of
the discussion was not to encourage panelists to conform to another’s judgment, but to understand the
different relevant perspectives among the panelists.

In Round 2, panelists discussed their Round 1 judgments and were encouraged by the facilitator
(a) to share the rationales for their judgments and (b) to consider their judgments in light of the
rationales provided by the other panelists. Panelists recorded their Round 2 judgments only for items
when they wished to change a Round 1 judgment. Panelists’ final judgments for the study, therefore,

consist of their Round 1 judgments and any adjusted judgments made during Round 2.



Other than the description of the just qualified candidate, results from Panel 1, including the
summary of the Round 1 judgments, were not shared with Panel 2. The item-level judgments and
resulting discussions for Panel 2 were independent of judgments and discussions that occurred with
Panel 1.

RESULTS

EXPERT PANELS

Table 2 presents a summary of the panelists’ demographic information. The panel included 32
educators representing 20 states and Guam. (See Appendix A for a listing of panelists.) Seventeen
panelists were teachers, eleven were college faculty, one was an administrator or department head, and
three held another position. All of the faculty members’ job responsibilities included the training of
science teachers.

Table D1 (in Appendix D) presents a summary of demographic information by panel.
Table 2

Panel Member Demographics (Across Panels)

N %

Current position

Teacher 17 53%

Administrator/Department head 1 3%

College faculty 11 34%

Other 3 9%
Race

White 20 63%

Black or African American 5 16%
Hispanic or Latino 2 6%
Asian or Asian American 2 6%
American Indian or Alaskan Native 1 3%
Native Hawaiian or Other Pacific Islander 1 3%
Other 1 3%




Table 2 (continued)
Panel Member Demographics (Across Panels)

N %

Gender

Female 23 72%

Male 9 28%
Are you currently certified to teach this subject in your state?

Yes 27 84%

No 5 16%
Are you currently teaching this subject in your state?

Yes 25 78%

No 7 22%
Are you currently supervising or mentoring other teachers of this
subject?

Yes 18 56%

No 14 44%
At what K-12 grade level are you currently teaching this subject?

Middle School (6 - 8 or 7 - 9) 17 53%

High School (9 - 12 or 10 - 12) 1 3%

Middle and High School 1 3%

Not currently teaching at the K-12 level 13 41%
Including this year, how many years of experience do you have teaching this subject?

3 years or less 2 6%

4-7 years 4 13%

8-11 years 11 34%

12-15 years 4 13%

16 years or more 11 34%
Which best describes the location of your K-12 school?

Urban 6 19%

Suburban 7 22%

Rural 6 19%

Not currently working at the K-12 level 13 41%

If you are college faculty, are you currently involved in the training/preparation of
teacher candidates in this subject?
Yes 11 34%
No 0 0%
Not college faculty 21 66%




STANDARD-SETTING JUDGMENTS

Table 3 summarizes the standard-setting judgments (Round 2) of panelists. The table also
includes estimates of the measurement error associated with the judgments: the standard deviation of the
mean and the standard error of judgment (SEJ). The SEJ is one way of estimating the reliability or
consistency of a panel’s standard-setting judgments.® It indicates how likely it would be for several other
panels of educators similar in makeup, experience, and standard-setting training to the current panel to
recommend the same passing score on the same form of the test. The confidence intervals created by
adding/subtracting two SEJs to each panel’s recommended passing score overlap, indicating that they
may be comparable.

Panelist-level results, for Rounds 1 and 2, are presented in Appendix D (Table D2).
Table 3

Summary of Round 2 Standard-setting Judgments

Panel 1 Panel 2
Average 62.09 57.86
Lowest 51.60 49.20
Highest 71.85 69.90
SD 5.21 5.56
SEJ 1.30 1.39

Round 1 judgments are made without discussion among the panelists. The most variability in
judgments, therefore, is typically present in the first round. Round 2 judgments, however, are informed
by panel discussion; thus, it is common to see a decrease both in the standard deviation and SEJ. This
decrease — indicating convergence among the panelists’ judgments — was observed for each panel (see

Table D2 in Appendix D). The Round 2 average score is the panel’s recommended passing score.

® An SEJ assumes that panelists are randomly selected and that standard-setting judgments are independent. It is seldom the
case that panelists are randomly sampled, and only the first round of judgments may be considered independent. The SEJ,
therefore, likely underestimates the uncertainty of passing scores (Tannenbaum & Katz, 2013).
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The panels’ passing score recommendations for the Praxis Middle School Science are 62.09 for
Panel 1 and 57.86 for Panel 2 (out of a possible 100 raw-score points). The values were rounded to the
next highest whole number, to determine the functional recommended passing score — 63 for Panel 1
and 58 for Panel 2. The scaled scores associated with 63 and 58 raw points are 154 and 147,
respectively.

In addition to the recommended passing score for each panel, the average passing score across
the two panels is provided to help education agencies determine an appropriate passing score. The
panels’ average passing score recommendation for the Praxis Middle School Science is 59.98 (out of a
possible 100 raw-score points). The value was rounded to 60 (next highest raw score) to determine the
functional recommended passing score. The scaled score associated with 60 raw points is 150.

Table 4 presents the estimated conditional standard error of measurement (CSEM) around the
recommended passing score. A standard error represents the uncertainty associated with a test score. The
scaled scores associated with one and two CSEMs above and below the recommended passing score are

provided. The conditional standard error of measurement provided is an estimate.

Table 4

Passing Scores Within 1 and 2 CSEMs of the Recommended Passing Score’
Recommended passing score (CSEM) Scale score equivalent

60 (4.92) 150

-2 CSEMs 51 137
-1 CSEM 56 144

+1 CSEM 65 157

+2 CSEMs 70 164

Note. CSEM = conditional standard error of measurement.

" The unrounded CSEM value is added to or subtracted from the rounded passing-score recommendation. The resulting
values are rounded up to the next-highest whole number and the rounded values are converted to scaled scores.
9



FINAL EVALUATIONS

The panelists completed an evaluation at the conclusion of their standard-setting study. The
evaluation asked the panelists to provide feedback about the quality of the standard-setting
implementation and the factors that influenced their decisions. The responses to the evaluation provided
evidence of the validity of the standard-setting process, and, as a result, evidence of the reasonableness
of the recommended passing score.

Panelists were also shown their panel’s recommended passing score and asked (a) how
comfortable they are with the recommended passing score and (b) if they think the score was too high,
too low, or about right. A summary of the final evaluation results is presented in Appendix D.

All panelists strongly agreed or agreed that they understood the purpose of the study and that the
facilitator’s instructions and explanations were clear. All panelists strongly agreed or agreed that they
were prepared to make their standard-setting judgments. All panelists strongly agreed or agreed that the
standard-setting process was easy to follow.

All but two of the panelists indicated they were at least somewhat comfortable with the passing
score they recommended; 23 of the 32 panelists were very comfortable. Twenty-nine of the 32 panelists
indicated the recommended passing score was about right with the three remaining panelists indicating
that the score was too low.

SUMMARY

To support the decision-making process for education agencies establishing a passing score (cut
score) for the Praxis Middle School Science, research staff from ETS designed and conducted a
multistate standard-setting study.

ETS provides a recommended passing score from the multistate standard-setting study to help
education agencies determine an appropriate operational passing score. For the Praxis Middle School
Science, the recommended passing score® is 60 out of a possible 100 raw-score points. The scaled score
associated with a raw score of 60 is 150 on a 100-200 scale.

® Results from the two panels participating in the study were averaged to produce the recommended passing score.
10
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APPENDIX A

PANELISTS’ NAMES & AFFILIATIONS
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Participating Panelists With Affiliations

Panelist

Nancy Allen
Katie Anderson
Gena Asevado
Steve Beckelhimer
April Bullen
Laurie Cleavinger
Michelle Crane
André E. DelLe6n
Kyle Engdahl
Janice Francis
Esther Frazier
Chelsey Gravseth
Albert Hayward
Allen Henderson
Ebony Hill

Lisa Hopkins
Richard Jones
Misti Kelly

John Labriola
Carole Lee

Rachel Lowery
Michiko McClary
Dennis McDill
Renu Mendiratta
Elizabeth Morales
Louis Nadelson
Kimberly Riggs-Poole
Wendy Ruchti
Cheryl Sangueza
Melissa L. Shirley
Sandra Thomas-Jenkins
Corean Wells

Affiliation

Gilford Middle School (NH)

East Middle School-Rapid City School District (SD)
N. P. Trist Middle School (LA)

Marshall University/June Harless Center (WV)
McCullough Middle School (DE)
University of Kansas (KS)

Smee School District (SD)

Nevada Dept. of Education (NV)

Cheney Middle School (ND)

PCSSD, Maumelle Middle School (AR)
Madison Middle School (MS)

Mandan Middle School (ND)

South Carolina State University (SC)
Harding University (AR)

Richmond Public Schools-Thompson Middle School (VA)
Dorchester County Public Schools (MD)
University of Hawaii West Oahu (HI)
Stevenson University (MD)

Chariho Middle School (RI)

University of Maine at Farmington (ME)
Kings Mountaim Intermediate School (NC)
Claflin University (SC)

Berwick High School (LA)

John Adams Middle School, Edison (NJ)
New Brunswick Public Schools (NJ)

Boise State University (ID)

Hampton City Schools (VA)

Idaho State University (ID)

University of Guam (GU)

University of Louisville (KY)

Madison Middle School (MS)

Corbin Middle School (KY)
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STUDY AGENDA



AGENDA

Praxis Middle School Science (5440)
Standard-Setting Study

Day 1

Welcome and Introduction

Overview of Standard Setting and the Praxis Middle School
Science test

Review the test

Discuss test

Break

Describe the Knowledge/Skills of a Just Qualified Candidate
Create the JQC description

Lunch

Create the JQC description (continued)
Break

Discuss and finalize JQC description
Training for standard-setting judgments
Practice judgments & discuss

Round 1 judgments

Collect Materials; End of Day 1
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AGENDA

Praxis Middle School Science (5440)
Standard-Setting Study

Day 2
Review Day 1 & Preview Day 2
Round 1 standard setting judgments (continued from Day 1)
Discuss judgments & Round 2
Lunch
Discuss judgments & Round 2 (continued)
Complete final evaluation

Collect materials; End of study
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APPENDIX C

JUST QUALIFIED CANDIDATE DESCRIPTION
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Description of the Just Qualified Candidate®

A Just Qualified Candidate ...

I. Scientific Inquiry, Methodology, Techniques, and History

A. Understands methods of scientific inquiry and how methods are used in basic problem solving

B. Understands the processes involved in scientific data collection and manipulation

C. Understands how to interpret and draw conclusions from data presented in tables, graphs, and
charts

1. Basic Principles of Matter and Energy

A. Knows the structure and properties of matter; can identify occurrence and abundance of the
elements and their isotopes

B. Knows the basic relationships between energy and matter and identifies the basic relationships
between energy and matter

C. Knows the basic structure of the atom; can identify ions, electron arrangements, radioactivity,
and applications of radioactivity

I11. Physical Sciences
A. Physics

1.

3.

4.

Knows mechanics and knows linear motion in 1 & 2 dimensions (speed, velocity,
acceleration), including—distinguish between mass and weight, conservation of energy, and
density

Can identify circular motion in 1 & 2 dimensions, inertia vs. momentum, simple machines
and mechanical advantage, buoyancy and pressure

Can identify electricity & magnetism

Can identify basic waves and optics

B. Chemistry

1.

©ooN RN

Knows organization of periodic table and how to use it to predict physical & chemical
properties

Can identify covalent and ionic bonding

Knows names of simple chemical compounds

Knows how to balance simple chemical equations

Can identify factors that affect reaction rates

Can identify chemical and physical properties of acids and bases

Can identify pH scale and neutralization

Can identify dilute vs. concentrated solutions

Can identify difference between solute and solvent

10 Can identify effect of temperature and particle size on dissolving

® Description of the just qualified candidate focuses on the knowledge/skills that differentiate a just from a not quite qualified

candidate.
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Description of the Just Qualified Candidate® (continued)
A Just Qualified Candidate ...

IV. Life Sciences

1. Understands the basic structure, function of cells, cellular organelles and cell reproduction

2. Knows basic genetics including DNA structure, replication, Mendalian inheritance, mutations
and can identify common genetic disorders

3. Knows the major structures and functions of plant and animals organs and systems

4. Knows key aspects of ecology

5. Knows the theory and key mechanisms of evolution

V. Earth and Space Sciences

1. Understands the basics of the rock cycle and knows plate tectonics (e.g., weathering, erosion,
deposition, earthquakes, and volcanoes)

2. Knows properties of water and identifies structures and processes of earth’s oceans and bodies of
water

3. Knows basic meteorology (e.g., Earth’s atmosphere, frontal systems and precipitation) and can
identify major factors that affect climate and seasons

4. Understands interaction of Earth, moon, sun and identifies major features of solar system and
universe

VI. Science, Technology, and Society

1. Understands the impact of science and technology and major issues on the environment and
management of natural resources

2. Can identify applications of science and technology in daily life and the impact of science on
public-health issues

1% Description of the just qualified candidate focuses on the knowledge/skills that differentiate a just from a not quite
qualified candidate.
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Table D1
Panel Member Demographics (by Panel)

Panel 1 Panel 2
N % N %

Current position

Teacher 9 56% 8 50%

Administrator/Department head 0 0% 1 6%

College faculty 5 31% 6 38%

Other 2 13% 2 6%
Race

White 10 63% 10 63%

Black or African American 3 19% 2 13%

Hispanic or Latino 1 6% 1 6%

Asian or Asian American 1 6% 1 6%

American Indian or Alaskan Native 0 0% 1 6%

Native Hawaiian or Other Pacific Islander 0 0% 1 6%

Other 1 6% 0 0%
Gender

Female 11 69% 12 75%

Male 5 31% 4 25%
Are you currently certified to teach this subject in your state?

Yes 14 88% 13 81%

No 2 13% 3 19%
Are you currently teaching this subject in your state?

Yes 13 81% 12 75%

No 3 19% 4 25%
Are you currently supervising or mentoring other teachers of this subject?

Yes 6 38% 12 75%

No 10 63% 4 25%
At what K-12 grade level are you currently teaching this subject?

Middle School (6-8 or 7-9) 9 56% 8 50%

High School (9-12 or 10-12) 1 6% 0 0%

Middle and High School 1 6% 0 0%

Not currently teaching at the K-12 level 5 31% 8 50%
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Table D1 (continued)
Panel Member Demographics (by Panel)

Panel 1 Panel 2
N % N %
Including this year, how many years of experience do you have teaching this subject?
3 years or less 1 6% 1 6%
4-7 years 4 25% 0 0%
8-11 years 5) 31% 6 38%
12-15 years 1 6% 3 19%
16 years or more 5 31% 6 38%
Which best describes the location of your K-12 school?
Urban 3 19% 3 19%
Suburban 3 19% 4 25%
Rural 4 25% 2 13%
Not currently working at the K-12 level 6 38% 7 44%

If you are college faculty, are you currently involved in the training/preparation of teacher
candidates in this subject?

Yes 5 31% 6 38%
No 0 0% 0 0%
Not college faculty 11 69% 10 63%
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Table D2
Passing Score Summary by Round of Judgments

Panel 1 Panel 2

Panelist Round 1 Round 2 Round 1 Round 2
1 50.50 51.60 47.60 49.20
2 64.90 65.00 65.90 62.55
3 71.60 71.85 53.70 52.90
4 63.25 62.65 56.60 56.30
S 64.75 65.25 63.20 63.55
6 60.55 62.95 64.90 64.90
7 54.95 57.70 48.75 50.35
8 57.35 58.05 74.10 69.90
9 65.80 65.25 55.00 55.30
10 60.60 62.00 54.10 54.50
11 63.75 62.65 57.15 58.25
12 56.40 57.90 62.10 61.80
13 64.50 64.90 58.00 56.70
14 56.55 58.50 55.85 57.45
15 54.35 56.80 60.00 58.70
16 72.25 70.45 48.95 53.35
Average 61.38 62.09 57.87 57.86
Lowest 50.50 51.60 47.60 49.20
Highest 72.25 71.85 74.10 69.90
SD 6.11 521 7.04 5.56

SEJ 1.53 1.30 1.76 1.39
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Table D3
Final Evaluation: Panel 1

Strongly Strongly
agree Agree Disagree disagree
N % N % N % N %
e | understood the purpose of this study. 15 94% 1 6% 0 0% 0 0%
e The instructions and explanations provided 12 75% 4 25% 0 0% 0 0%
by the facilitator were clear.
e The training in the standard-setting method
was adequate to give me the information | 13 81% 3 19% 0 0% 0 0%
needed to complete my assignment.
e The _explanatlt_)n of how the recommended 6 38% 7 44% 3 19% 0 0%
passing score is computed was clear.
o T_he opportunity for feedback and 11 69% 5 31% 0 0% 0 0%
discussion between rounds was helpful.
e The process of making the standard-setting 11 69% 5 31% 0 0% 0 0%

judgments was easy to follow.
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Table D3 (continued)
Final Evaluation: Panel 1

How influential was each of the Very Somewhat Not
following factors in guiding your influential influential influential
standard-setting judgments? N % N % N %
e The Qescrlptlon of the just qualified 16 100% 0 0% 0 0%
candidate
e The between-round discussions 8 50% 8 50% 0 0%
e The knowledge/skllls required to 11 69% 5 31% 0 0%
answer each test item
e The passing scores of other panel 1 6% 9 56% 6 38%
members
e My own professional experience 7 44% 8 50% 1 6%
Very Somewhat Somewhat Very
comfortable comfortable uncomfortable uncomfortable
N % N % N % N %
e Overall, how comfortable are you
with the panel's recommended passing 10 63% 5 31% 1 6% 0 0%
score?
Too low About right Too high
N % N % N %
e Overall, the recommended passing 2 13% 14 88% 0 0%

score is;
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Table D4
Final Evaluation: Panel 2

Strongly Strongly
agree Agree Disagree disagree
N % N % N % N %
e | understood the purpose of this study. 16 100% 0 0% 0 0% 0 0%
e The instructions and explanations provided 15 94% 1 6% 0 0% 0 0%
by the facilitator were clear.
e The training in the standard-setting method
was adequate to give me the information | 15 94% 1 6% 0 0% 0 0%
needed to complete my assignment.
e The explanation of how the recommended 11 69% 5 31% 0 0% 0 0%
passing score is computed was clear.
e The opportunity for feedback and 14 88% 2 13% 0 0% 0 0%
discussion between rounds was helpful.
e The process of making the standard-setting 13 81% 3 19% 0 0% 0 0%

judgments was easy to follow.
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Table D4 (continued)
Final Evaluation: Panel 2

How influential was each of the Very Somewhat Not
following factors in guiding your influential influential influential
standard-setting judgments? N % N % N %
e The Qescrlptlon of the just qualified 13 81% 3 19% 0 0%
candidate
e The between-round discussions 8 50% 7 44% 1 6%
e The knowledge/skllls required to 13 81% 3 19% 0 0%
answer each test item
e The passing scores of other panel 3 19% 11 69% 5 13%
members
e My own professional experience 13 81% 3 19% 0 0%
Very Somewhat Somewhat Very
comfortable comfortable uncomfortable uncomfortable
N % N % N % N %
e Overall, how comfortable are you
with the panel's recommended passing 13 81% 2 13% 1 6% 0 0%
score?
Too low About right Too high
N % N % N %
e Overall, the recommended passing 1 6% 15 94% 0 0%

score is;
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Test at a Glance
Praxis Il Middle School Science (5440) Test



@ ﬁeﬁ) AX I S Listening. Learning. Leading.

Series.

/ \

Middle School Science (5440)
Test at a Glance

Test Name Middle School Science
Test Code 5440
Time 150 minutes
Number of Questions 125
Format Selected-response questions
Test Delivery Computer delivered
Approximate Approximate
Content Categories Number of Percentage of
Questions Examination
l. Scient_iﬁc Inquiry, Methodology, 15 12%
Techniques, and History
Il. Basic Principles of Matter and Energy 15 12%
lll. Physical Sciences 28 22%
IV. Life Sciences 30 24%
V. Earth and Space Sciences 22 18%
VI. Science, Technology, and Society 15 12%

About This Test

The Middle School Science test is designed to measure the knowledge and competencies necessary for a
beginning teacher of middle school science. Examinees have typically completed or nearly completed a bachelor's
degree program with appropriate coursework in science and education.

The development of the test questions and the construction of the test reflect the National Science Education
Standards (NSES) and the National Science Teacher Association (NSTA) standards and recognize that there are
conceptual and procedural schemes that unify the various scientific disciplines. These fundamental concepts and
processes (systems; models; constancy and change; equilibrium; form and function) are useful in understanding the
natural world. Insofar as possible, then, the test questions will have the primary objective of evaluating the content
areas by using questions that focus on conceptual understanding, critical thinking, and problem solving in science.
The test content is developed and reviewed in collaboration with practicing middle school science teachers, teacher-
educators, and higher education content specialists to keep the test updated and representative of current
standards.
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The questions include concepts, terms, phenomena, methods, applications, data analysis, and problem selving in
science, and include an understanding of the impact of science and technology on the envircnment and human
affairs. This also includes the ability to integrate basic topics from Chemistry, Physics, Life Science, and Earth and
Space Science which are typically covered in introductory college-level courses in these disciplines, although some
questions of a more advanced nature are included, because secondary-school teachers must understand the
subject matter from a more advanced viewpoint than that presented to their students.

Examinees will not need to use calculators in taking this test. The computer-delivered test provides help screens
including a periodic table of the elements and a table of information that presents various physical constants and a
few conversion factors among SI units. Whenever necessary, additional values of physical constants are included
with the text of a question.

This test may contain some questions that will not count toward your score.
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Topics Covered
Representative descriptions of topics covered in each category are provided below.

I.  Scientific Inquiry, Methodology,
Techniques, and History

A. Understands methods of scientific inquiry
and how they are used in basic problem
solving

Observations, hypothesis, experiments,
conclusions, theories, models, and laws

Experimental design, including
independent and dependent variables,
controls, and sources of error

Nature of scientific knowledge

a. Subject to change, consistent with
evidence, based on reproducible
evidence

b. Includes unifying concepts and
processes (e.g., systems, models,
constancy and change, equilibrium,
form and function)

B. Understands the processes involved in
scientific data collection and manipulation

1.

N

Common units of measurement, including
prefixes such as milli and kilo (e.g., units
of length, time, mass, volume, pressure,
energy, force)

Scientific notation and significant figures
Organization and presentation of data
(e.g., graphs, tables, charts)

Basic error analysis (e.g., accuracy,
precision)

Basic descriptive statistics (e.g., calculate
averages, distinguish between mean,
mode, and median)

C. Knows how to interpret and draw

conclusions from data presented in
tables, graphs, and charts

PON =

Trends in data

Relationships between variables
Predictions based on data
Drawing conclusions based on the
evidence

D. Is familiar with the procedures for safe

and correct preparation, storage, use,
and disposal of laboratory materials

1.
2.

3.
4.

Safe Storage

Proper and safe disposal (e.g., chemicals,
biochazards)

Proper preparation

Use of equipment such as fume hoods

E. Understands safety and emergency
procedures in the laboratory

1

2.

3.

4,

5.

Equipment (e.g., eyewash stations, safety
showers)

Appropriate student apparel and behavior
(e.g., goggles, clothing)

Emergency procedures for minor burns
and other injuries

Emergency procedures for mishaps (e.g.,
fires, chemical spills)

Evacuation procedures

F. Is familiar with how to use standard
equipment in the laboratory

.

Appropriate use of equipment (e.g.,
thermometers, microscopes, barometers,
graduated cylinders, Bunsen burners,
balances, pH meters)

Basic care, preparation, and maintenance
of equipment

G. Is familiar with the historical developments

of science and the contributions of major
historical figures

1.

2

How major concepts developed over time
(e.g., atomic models, genetics, plate
tectonics)

Key historical figures and their
contributions
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Il. Basic Principles of Matter and Energy

A. Is familiar with the structure and properties
of matter

1. Solids, liquids, gases, and plasmas

2. Elements, atoms, compounds, molecules,
and mixtures

3. Occurrence and abundance of the
elements and their isotopes

B. Knows the basic relationships between
energy and matter

1. Conservation of energy
(first law of thermodynamics)
2. Entropy changes
(second law of thermodynamics)
3. Conservation of matter in chemical
systems
4. Forms of kinetic and potential energy
(e.g., thermal, chemical, radiant,
mechanical)
5. Energy transformations
6. Chemical and physical properties/changes
7. Temperature scales (e.g., Celsius,
Fahrenheit, and Kelvin; comparisons
and conversions between the scales)
8. Effect of thermal energy on matter and
the measurement of thermal energy
(e.g., specific heat capacity, joules)
9. Methods of heat transfer
(e.g., convection, radiation, conduction)
10. Interdisciplinary applications
of energy and matter relationships
a. Trophic levels
b. Matter cycling and energy flow in
ecosystems
c. Convection currents in atmosphere,
ocean, and mantle

d. Conservation of mass in the rock cycle

e. Nitrogen cycle

f. Chemical and physical changes in
rocks

g. Impact of solar radiation on Earth and
life

h. Photosynthesis and cellular respiration
i. Energy transformations in living
systems

C. Knows the basic structure of the atom

Atomic models

Atomic structure including electrons,
protons, and neutrons

Atomic number and mass

lons

Electron arrangements

Radioisotopes, radioactive decay, half-
life, fusion, and fission

Applications of radioactivity (e.g., carbon
dating, evidence for evolution, medical
imaging)

ouaw N

~

lll. Physical Sciences:

A. Physics

1. Understands mechanics
a. Describe linear and circular motion in
one and two dimensions
i. Speed
i. Velocity
iii. Acceleration
iv. Momentum

b. Newton's first law: inertia
c. Friction
d. Work, energy, and power
e. Mass, weight, and gravity
i.  Characteristics of gravitation
(e.g., gravitational attraction,
acceleration due to gravity, mass,
distance)
i.  Distinguish between mass and
weight
f. Analyze motion and forces in a
physical situation, including basic
problems
i. Newton’s second law: F =ma
ii.  Newton’s third law: action-
reaction forces
iii.  Inclined planes
iv.  Collisions
v.  Projectile motion
vi.  Periodic motion (e.g., pendulums,
springs, planetary orbits)
vii.  Conservation of energy and
conservation of momentum

g. Simple machines and mechanical
advantage

h. Physical properties of fluids (e.g.,
buoyancy, density, pressure)
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2. Knows electricity and magnetism

a. Electrical nature of materials
i.  Electric charges
ii. Electrostatic attraction and
repulsion
ii.  Conductivity, conducters, and
insulators

b. Analyze basic series and parallel
electrical circuits

i. DC and AC current

ii. Current, resistance, voltage, and
power

fii. Ohm's law

iv.  Voltage sources
(e.g., batteries, generators)

c. Magnetlc fields and forces
i.  Magnetic materials
ii.  Magnetic forces and fields
(e.g., magnetic poles, atiractive
and repulsive forces)
ii.  Electromagnets

3. Understands basic waves and optics

a. Characteristics of light and the
electromagnetic spectrum
i.  Nature of light
ii.  Visible spectrum and color
jil, Ultraviolet, infrared, microwave,
and gamma

b. Basic characteristics and types of
waves
i.  Transverse and longitudinal
ii.  Frequency, amplitude,
wavelength, speed, intensity
¢. Basic wave phenomena
i.  Reitection, refraction, diffraction,
and dispersion
i.  Absorption and transmission
iii. Interference, scattering, and
polarization
iv.  Doppler effect

d. Basic characteristics and phenomena
of sound
i.  Pitchffrequency and
toudness/intensity
ii, Sound-wave production, air
vibrations, and resonance (e.g.,
tuning forks)

e. Basic optics
i. Mirrors
fi. Lenses and their applications

(e.g., the human eye,
i tel

iii. Prisms
iv.  Fiber optics

B. Chemistry

1. Is familiar with how to use the periodic
table to predict the physical and chemical
properties of elements

a. Organization of the periodic table
i.  Arranged in columns and rows
(e.g., groupsifamilies, periods)
i. Includes symbaol, atomic number,
iii. and atomic mass for each
element

b. General trends in chemical reactivity
based on position of elements in the
periodic table {e.g., metallic and
nonmetallic elements, noble gases)

c. General trends in physical properties
hased on position of elements in the
periodic table {e.g., atomic radius,
ionization energy)

2. Knows types of chemical bonding
and the composition of simple
chemical compounds

a. Covalent and ionic bonding
b. Intermolecular aftractions such as
hydrogen bonding
¢. Names of simple chemical compounds
i. lonic
fi.  Covalent compounds involving fwo
elements
iit.  Acids and bases

a. Interpret chemical formulas
. Describe formulas in terms of
moles of atoms
ii.  Percent composition
iii.  Empirical/molecular formulas
iv.  Electron dot & structural formulas

3. Understands states of matter and phase
changes between them

a. Basic assumptions of the kinetic
molecular theory of matter (e.g.,
particles in constant motion, speed
and energy of gas particles are related
to temperature)

b. ldeal gas laws (e.g., Charles’ law:
volume is proportional to temperature,
Boyle’s law: pressure and volume are
inversely proportional)

¢. Phase changes
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i.  Melling/freezing

it.  Vaporization/condensation
iii.  Sublimation
iv.  Heating/cooling curves

4. Knows how to balance and use simple
chemical equations

a. Balance simple chemical reactions
b. Simple stoichiometric calculations
involving balanced equations
¢. Use chemical formulas to identify
and describe simple chemical
reaction equations
i, ~ Combustion
ii.  Oxidation (e.g., iron rusting)
iii. Neutralization
iv.  Single or double replacement

d. Energy relationships (e.g.,
endothermic reactions, exothermic
reactions)

e. Factors that affect reaction rates (e.g.,
concentration, temperature, pressure,
catalysts/enzymes)

5. Understands basic concepts in acid-base
chemistry

a. Chemical and physical properties
of acids and bases

pH scale

Neutralization

Buffers

oo

8. Is familiar with solutions and solubility

a. Solution terminology and identification
of different types of solutions

i. Dilute and concentrated

ii. Saturated, unsaturated, and
supersaturated

iiil.  Solvent and solute

iv.  Concenfrations of solutions in
terms
of molarity

b. Factors affecting the dissolving
process and solubility of substances
i. Effect of temperature and particle
size on dissolving
i. Effect of temperature on solubility
fi.  Polar versus nonpolar solvents
and solutes (e.g., like dissolves
like)
iv.  lonic compounds dissociate into
ions
in solution {e.g., electrolytes)

IV. Life Sciences

A. Understands the basic structure

and function of cells and their organelles

1. Structure and function of cell membranes
{e.g., passive and active transport,
osmosis)

2. Structure and function of cell organelles

3. Levels of organization (cells, tissues,
organs, organ systems)

4, Major cell types {e.g., muscle, nerve,
epithelial)
5. Prokaryotes and eukaryotes

. Understands basic cell reproduction

Cell cycle
Mitosis
Meiosis
Cytokinesis

W=

. Is familiar with the basic biochemistry

of life

1. Cellular respiration
2. Photosynthesis

3. Biological molecules {e.g., DNA,
carbohydrates, proteins, lipids, enzymes)

. Understands bhasic genetics

DINA structure
Replication, transcription, and translation
Dominant and recessive alleles

Mendelian inheritance (e.g., genotype,
phenotype, use of Punnett squares)

5. Mutations, chromosomal abnormalities,
and common human genetic disorders

W

. Understands the theory and key

mechanisms of evolution

1. Mechanisms of evolution (e.g., natural
selection, punctuated equilibrium)

2. isolation mechanisms and speciation
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3.

Supporting evidence (e.g., fossil record,
comparative genetics, homologous
structures)

F. Knows the elements of the hierarchical
classification scheme and the
characteristics of the major groups
of organisms

1.

Classification schemes (e.g., domain,
kingdom, phylum/division, class, order,
family, genus, species)

Characteristics of animals, plants, fungi,
protists, and monera

G. Knows the major structures and
functions of plant organs and systems

1.

2.

Characteristics of vascular and
nonvascular plants

Control mechanisms and responses
to stimuli

Structure and function of leaves, roots,
and stems

Asexual and sexual reproduction

Uptake and transport of nutrients and
water

Growth

H. Knows the basic anatomy and physiology
of animals, including structure and
function of human body systems and the
major differences between humans and
other animals

1.
2.

Homeostasis

Exchange with the environment (e.g.,
respiratory, excretory, digestive systems)

Internal transport and exchange (e.g.,
circulatory system)

Movement and support (e.g., skeletal and
muscular systems)

Reproduction and development
Immune systems

Control systems (e.g., nervous system,
endocrine system)

Response to stimuli and other organismal
behavior

I. Knows key aspects of ecology

1.

3.

Population dynamics (e.g., growth curves,
carrying capacity, behavior such as
territoriality, mating systems, and social
systems)

Community ecology (e.g., niche,
succession, species diversity, interspecific
relationships such as predator-prey and
parasitism)

Ecosystems

a. Biomes

b. Stability and disturbances (e.g.,
glaciation, effect of global warming)

c. Energy flow (e.g., trophic levels, food
webs)

d. Biogeochemical cycles (e.g., water,
nitrogen, and carbon cycles,
biotic/abiotic interaction)

V. Earth and Space Sciences

A. Is familiar with physical geology

1.

Types and characteristics of rocks,
minerals, and their formation processes

a. Characteristics of rocks and their
formation processes (e.g., igneous,
metamorphic, and sedimentary rocks,
the rock cycle)

b. Characteristics of minerals and their
formation processes (e.g., classes of
minerals, crystals, hardness)

Processes involved in erosion,

weathering, and deposition of Earth’s

surface materials and soil formation

a. Erosion and deposition (e.g., agents
of erosion)

b. Chemical and physical (mechanical)
weathering

c. Characteristics of soils (e.g., types,
soil profile)

d. Porosity and permeability

e. Runoff and infiltration

3. Earth's basic structure and internal

processes

a. Earth’s layers (e.g., lithosphere,
mantle, core)
b. Earth's shape and size
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c. Geographical features (e.g.,
mountains, piateaus, mid-ocean
ridges)

d. Earth's magnetic field

e. Plate tectonics theory and evidence

i. Folding and faulting

ii.  Continental drift

ii.  Magnetic reversals

iv.  Characteristics of volcanoes
{e.q., types, lava, eruptions)

v.  Characteristics of earthquakes
{e.g., epicenters, faulis,
fsunamis)

vi.  Seismic waves and friangulation

4. The water cycle (e.q., evaporation,
condensation, precipitation, runoff)

B. Is familiar with historical geology

a. Principle of uniformitarianism
b. Basic principles of stratigraphy {e.g.,
law of superposition)

¢. Relative and absolute time (e.g., index
fossils, radioactive dating)

d. Geologic time scale {e.g., eras,
periods)

e. Fossil formation and the fossil record

f.  Important events in Earth's geologic
history (e.g., mass extinctions,
Cambrian explosion, ice ages, meteor
impacts)

C. Is familiar with the structure and
processes of Earth’s oceans and other
bodies of water

a. Geographic location of Earth's oceans
and seas

Tides, waves, and currents

Estuaries and barrier islands

Island, reef, and atoll formation

Polar ice caps, icebergs, and glaciers

Lakes, ponds, streams, rivers, and

river deltas

g. Groundwater, water table, welis, and
aquifers

h. Properties of water that affect Earth

systems (e.g., densify changes upon

~0 Q00

freezing, high heat capacity, polar
solvent, hydrogen bonding)

D. Knows basic meteorology and major
factors that affect climate and seasons

1.

Basic meterology

a.

b.

g.
h.

Structure of Earth's atmosphere
{e.g., troposphere, stratosphere)
Composition of Earth's atmosphere
{e.q., percent composition of oxygen
and nitrogen)

Atmospheric pressure and
temperature

Wind

Cloud types and cloud formation
Frontal systems, weather maps,
storms, and severe weather
Humidity, dew point, and frost point
Forms of precipitation

Major factors that affect climaie
and seasons

a.
b,
c.
d

e.

f.

g.

Climate zones (e.g., Tropics, Arctic)
Proximity to mountains and oceans
Global winds and ocean circulation
Latitude, geographical location, and
elevation

Natural phenomena (e.g., volcanic
eruptions)

Human activity

Effect of tilt of Earth's axis on seasons

E. Is familiar with astronomy

1.

Major features of the solar system

a..
b.

c.
d.
e,

Structure of the solar system
Characteristics of planets (e.g.,
composition, unique features)
Characteristics of the Sun

Asteroids and comets

Theories of origin of the solar system

Interactions of the Earth-Moon-Sun
systemn

a.

oo

Earth’s rotation and orbital revolution
around the Sun

Effect on seasons

Phases of the Moon

Effect on tides

Eclipses
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3. Major features of the universe and
theories of its origins

a. Galaxies

b. Stars and their life cycle (e.g., types,
nebulae, black holes)

c. Units of celestial distance (e.g., light-
year, astronomical unit)

d. Theories of origin (e.g., big bang)

4. Contributions of space missions,
exploration, and technology

a. Remote-sensing devices (e.g.,
telescopes, satellites, space probes)

b. Search for life and water on other
planets

VI. Science, Technology, and Society

A. Understands the impact of science
and technology on the environment
and society

Air and water pollution

Greenhouse gases

Global climate and sea level change
Waste disposal

Acid rain

Loss of biodiversity

Ozone depletion

No ok owN =

B. Knows major issues associated with
energy production and the management
of natural resources

1. Conservation and recycling

2. Renewable and nonrenewable energy

resources

3. Pros and cons of power generation
based on various sources (e.g.,
fossil, nuclear, water, wind, solar,
biomass, geothermal)

4. Use and extraction of Earth’'s

resources (e.g., mining, reclamation,

deforestation)

C. Is familiar with applications of science
and technology in daily life

1.

2.

&~

6.

Chemical properties of household
products

Batteries, wireless devices, microchips,
lasers, and fiber optics

Communication satellites
Contributions of space technology

Common agricultural practices (e.g.,
genetically modified crops, use of
herbicides and insecticides)

DNA evidence in criminal investigations

D. Is familiar with the impact of science
on public-health issues

1.

Nutrition, disease, and medicine (e.g.,
food preservation, vitamins, vaccines,
viruses)

Biotechnology (e.g., genetic engineering,
in vitro fertilization)

Medical technologies (e.g., MRIs, X-rays,
radiation therapy)
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