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Scholarly Advice from Drs Wicklein & Lewis

« Dr. Robert Wicklein: Using engineering

design as the integrating factor linking Specific Analytic Principles & Skills
engineering and science through high + Generic Design Process

school technology programs (2006, p. 25). — :

->The infusion of engineering design = Engineering Design

Includes two major components: (1)
specific engineering analytic principles
and skills; and (2) generic engineering

design process. An important
\ component of
« Dr. Theodore Lewis: The need to: (a). Sggl'gﬁe””g

establish a “codified body of knowledge
that can be ordered and articulated across
the grades;” and (b). make engineering
education a coherent system with the
creation of content standards for the
subject area, in line with science and
technology education (2007, pp. 846-848) .

Ultimate goal of
this Research




The Particular Purpose of the Research

Identify high school
appropriate analytic and
predictive principles plus
computational formulas
related to the subject of
statics;

Using rationally
established criteria and
procedures.

Using one of the most
popular textbooks on
statics, i.e., Vector
Mechanics for Engineers
Statics, 7th Edition,
written by Ferdinand P.
Beer, E. Russell

Johnston, Jr., and Elliot R.

Eisenberg, and published
by McGraw-Hill Higher
Education (2004, ISBN: 0-
07-230493-6).

rrrrrrrrrrrrrrrrr

VECTOR MECHANICS
for ENGINEERS

Statics

Seventh Edition




The Ultimate Aim of this Research & Its

Connection to NCETE Research Agenda

« A working model: For identifying high school appropriate
engineering content knowledge in other subjects: Dynamics, fluid
mechanics, mechanism design, thermodynamics, heat transfer, and
engineering economics or decision-making).

 Ultimate goal: A list of high school appropriate topics featuring
both analytic and predictive principles as well as computational
formulas, to be well organized into relevant and cohesively
related subjects - A reference for systematically infusing
engineering design into K-12 curriculum.

« Relevance to NCETE agenda: “Professional Development
Models to Infuse Engineering Design in Secondary Education”
and “Vision and Recommendations for Engineering-Oriented
Professional Development” (Core 4 Research Paper Activity
information sheet).



Research Question

“What are the engineering analytic and predictive knowledge content in the
subject of statics that are appropriate for K-12 students in various stages of
their cognitive development , in terms of matching these students’ level of
mastery of foundation mathematics skills, science principles and

problem-solving skills?”
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Rationales for this Research Paper

To help solving the shortage in engineering graduates in the United states, by
preparing K-12 students earlier than under the current system, for potentlal
engineering majors at college level and beyond.

For All future K-12 students: Due to the fact that innovation in engineering design is
a vital factor in American economic growth and national defense, it would be a
wise idea to promote, among all K-12 students, basic literacy in engineering and
technology, which constitute two major components of STEM (science, technology,
engineering, and mathematics);

For Engineering-oriented K-12 students:

« K-12 engineering curriculum remains skeletal so far (main focus is on generic
design process; analytic and predictive knowledge contents are restricted to a few
areas, i.e., CAD, electronics, and robotics), and are generally not cohesively and
systematically organized.

« Engineering is a “tough” major with heavy-duty STEM content (overwhelming to
“average” students). - it would be a wise idea to streamline the learning curve by
developing a well-defined, cohesive and systematic set of content standards
would help future high school students to succeed in their engineering and
technology career pathways.



Feasibility of the Research Agenda

STEM in K-12: Most basic scientific principles and analytic
skills related to engineering design are based on pre-calculus
mathematics (trigonometry, algebra, and geometry) with
occasional needs for beginning calculus (integration and
differentiation). - Pre-calculus mathematics courses are offered
In most U.S. high schools, there is a reasonable possibility that we
could down-load some portions of traditional college-level
engineering content knowledge to high school students.

Australian experience: 10% of all public high schools in
Australia have implemented engineering program (presentation,
ITEA 715t Annual Conference, 2009). In the United States, - Better
material conditions for improving K-12 education; thus, we could
perform better than do schools in Australia.



http://upload.wikimedia.org/wikipedia/commons/b/b9/Flag_of_Australia.svg

Importance of Engineering Analytic

Knowledge Content

New direction:

Learning from math and science curriculum:

The B.S. Degree in Engineering & Technology Education
(T&E in STEM) (to be started Fall 2009 at Utah State
University);

The current B.S. in Education in Career and Technology
Education Program at the University of Georgia. Both moving
In this direction by including core engineering foundation
subjects like statics and dynamics.

Engineering curriculum at K-12 level should draw extensive
reference from the traditional mathematics and science
pedagogy = A full set of relevant courses, not just a few
sporadic and disconnected training sessions.

Mastery of the “core engineering concepts” could allow future
high school engineering and technology teachers to possess
sufficient subject-specific knowledge to teach students, and
demands great amount of pre-service training time.




Contributions of Scholars at the University of Georgia in Identifying

Specific Engineering Analytic Knowledge Content for K-12 Institutions

Advisors: Drs. Robert Wicklein, ThlS Reseal‘Ch Paper

John Mativo, Sidney Thompson and
David Gattie (UGA)
Dr. Kurt Becker (USU)
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Lower-Division Engineering Foundation Course among Various Engineering Programs at the University of Georgia

University of Georgia University of Georgia Engineering Foundation Courses
Engineering Program
ENGR 1120 ENGR 2120 ENGR 2130 ENGR 2140 ENGR 3160 ENGR 3140 ENGR 3150 ENGR 2920 ENGR 2110
Graphics & Statics Dynamics Strength of Fluid Mechanics Thermo- Heat Transfer Electrical Engr.
Design Materials dynamics Circuits Decision
Making
B.S. in Agricultural Engineering
Electrical & Electronic v v v v v v v v v
Systems
Mechanical Systems v v v v v v v v v
Natural Resource v v v v v v v v v
Management
Structural Systems v v v v v v v v v
Process Operations v v v v v v v v v
B.S. EnvE Environmental Engineering
Energy/Water Resources v v v
Infrastructure/ v v v
Planning/
Economics
B.S. in Biological Engineering
Environmental Area of v v v v v v v v
Emphasis
Biochemical Area of v v v v v v v v
Emphasis
Biomedical Area of v v v v v v v v
Emphasis
eBiomechanics Track
eInstrumentation Track
Computer Systems Engineering Program
Computer Hardware v v v v
Systems
Mechatronics v v v v
Telecommuni-cations & 4 v v v
Wireless Systems
Software Engineering v v v v
Biological Systems v v v v
Graphics & Visualization v v v v




Sections of Georgia Performance Standards Directly

Relevant to the Infusion of Engineering Analytic
Content Knowledge into the K-12 Curriculum

https://www.georgiastandards.org/Pages/Default.aspx

» Mathematics,
« Science;

o Career, Technical, and Agricultural Education (CTAE). - Engineering and
technology R
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Why Georgia Performance Standards?

“The Georgia Performance Standards are the result of months of work by
teacher teams, state and national experts, and consultants” who “looked
at national standards from high-performing states such as Michigan,
Texas, and North Carolina, and nations such as Japan, and
consulted the guidelines of national groups such as the National
Council of Teachers of Mathematics and the American Association
for the Advancement of Science” (GeorgiaStandards.org, 2009).

The average K-12 students’ academic performance mandated by Georgia
Performance Standards is somewhere between the highest and lowest
among all fifty states in the United States; therefore, it is conveniently
chosen as a typical model that could be considered as applicable to most
states in the Nation.

“The performance standards provide clear expectations for instruction,
assessment, and student work. [...] isolate and identify the skills needed to
use the knowledge and skills to problem-solve, reason, communicate, and
make connections with other information” - Used to delineate the
required or expected mastery of math and science content
knowledge at all grade levels throughout the K-12 system in the State
of Georgia.

9
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Selection of Mathematics Course Sequence Options

"

ds.Org

GATEWAY TO EDUCATION & PROFESSIONAL RESOURCES

One Stop Shop For Educators

Georgia Department of Education
Secondary Mathematics

Guidance for Course Sequences under the Georgia Perfor

5/07

mance

Option 2 and Option 3
are established for
average (or “middle
grade”) students

Georgia Performance Standards (WMence
Option 1 Option 2 < Option 3 <4 Option 4 Option 5
Grade Advanced Accelerated Accelerated
T
th th th 6" Grade
6 6"Grade GPS | 6"Grade GPS | 44 0nccaGPS | 6 7% and 8% | 6™ 7* and 8*
i y
5 m & 7% Grade grade GPS grade GPS
7 7" Grade GPS 7" Grade GPS Aibiticed GPS
i
th " e 8" Grade Accelerated Math
8 8" Grade GPS 8" Grade GPS Advanced GPS Math 1 )
gt Math 1 Accelerated Accelerated Math Math 2 Accelerated Math
Math 1 1 2
10m Math 2 Accelerate|d Accelerated Math Math 3 Accelerated Math
Math 2 2 3
AP Statistics™®;
h Accelerated Accelerated Math AP Calculus
11 Math 3 Math 3 3 Math 4 AB/BC:
Joint Enrollment
Math 4; AP Calculus AP Calculus AP Calculus AB; AP Statistics™®;
AP Statistics¥; AB/BC; AB/BC,; AP Statistics*; AP Calculus
12t Discrete Math AP Statistics*; AP Statistics*; Discrete Math; AB/BC;
Discrete Math; Discrete Math; Joint Enrollment | Joint Enrollment
Joint Enrollment | Joint Enrollment

*AP Statistics may be taken concurrently with an upper level math course at the system’s discretion.

All Options could lead to
AP (Advanced Placement)
Calculus course at 12th

rade or even 11th grade
?for Option 5 only). =
Preparing students for
engineering analytic courses
at undergraduate lower-
division level.

* Option 1: This option includes grade-level standards and tasks for middle grade students. After Math 3 students may take Math 4, AP Statistics, Discrete Mathematics or a
fourth year GPS math course.

* Option 2: This option includes grade-level standards and tasks for middle grade students. It is possible for students who successfully complete middle grades standards to
take Accelerated Mathematics. After Accelerated Math 3 students may take AP Calculus AB, AP Calculus BC, AP Statistics, Discrete Mathematics, a fourth year GPS
mathematics course related to student interest, or an appropriate post-secondary option.

» Option 3: This option includes grade-level standards with enhanced and more complex tasks for middle grades students. These tasks will be provided by the GaDOE. After
Accelerated Math 3 students may take AP Calculus AB, AP Calculus BC, AP Statistics, Discrete Mathematics, a fourth year GPS mathematics course related to student
interest, or an appropriate post-secondary option.

» Option 4: This option requires the compacting of three years of middle grades standards into two years. After Math 4 students should be prepared to take AP Calculus AB, AP
Statistics, Discrete Mathematics, a fourth year GPS mathematics course related to student interest, or an appropriate post-secondary option.

» Option 5: This option is for a few students who are highly talented in mathematics. It requires the compacting of three years of middle grades standards into two years. After
Accelerated Math 3, students may take AP Calculus AB, AP Calculus BC, AP Statistics, Discrete Mathematics, a fourth year GPS mathematics course related to student
interest, or an appropriate post-secondary option such as multivariable calculus.

» Figure 3. Grades 6-12 mathematics courses under Georgia Performance Standards (source: from the website

https://www.georgiastandards.org/Standards/Pp./BrowseStandards/MathStandards.aspx, under the “Middle School Math Acceleration” link; file name: MS-Math-Acceleration).



Selection of Mathematics Course Sequence Options

oooooooooooo

One Stop Shop For Educators

Georgia Department of Education
Secondary Mathematics
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Guidance for Course Sequences under the Georgia Perfor
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*AP Statistics may be taken concurrently with an upper level math course at the system’s discretion.

N\

« Options 2 and 3 (for “average” students): Selected for determining the completion of mathematics
preparation for infusing engineering analytic content knowledge into any particular grade level
throughout the K-12 curriculum (mostly at 9th to 12th Grades, or at high school level).

» For students enrolled in the Options 4 Math Course Sequence: such determination will still apply.

» For students enrolled in the Options 5 Math Course Sequence: such determination could be
adjusted in terms of allowing mathematically “highly-talented” students to enroll in engineering analytic
courses at one grade prior to the grade determined for other options.

Option 2 and Option 3
are established for
average (or “middle
grade”) students

All Options could lead to
AP (Advanced Placement)
Calculus course at 12th

rade or even 11th grade
?for Option 5 only). =
Preparing students for
engineering analytic courses
at undergraduate lower-
division level.




An urgent need to increase opportunltles for average U.S. domestic
students to choose engineering as a “doable” and viable career.

 The U.S. share of the percentage of all engineers in the whole world has
dropped from close to 25% at the end of World War Two to an
alarming figure of much less than 5% today;

 India nowadays educates greater number of engineers per year with
strongly competitive quality that is based on a standard British model of
science and engineering education, and close to 50% of all graduates
form B.S. engineering programs from India’s top schools come to
the United States to pursue masters’ and doctoral degrees; work for
top U.S. corporations, research laboratories and universities for a few
years to grasp the best U.S. technology and finally bring the best fruits of
American engineering education to India, making India a rapidly rising
international engineering and economic power house to compete
against traditional global leaders in science, engineering and technology,
such as the United States, Great Britain, Germany and Japan;

* The United States has been in chronic shortage of engineering
graduates in the past decades.

Engineering
Literacy for
Average

Americans!

=

To achieve American independence on engineering talent pool: The strategic
development of a viable K-12 engineering curriculum for the majority of “average” students,

instead of just for a minority of “highly talented” ones.

* Not all of these mathematically “highly-talented” students will pursue engineering (many will
go to non-STEM professions that pay more but require less heavy-duty training in STEM).

« Focusing on the “average” students could guide more high school students to
engineering pathways and help reversing the shortage problem into a potential

surplus in the future.
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Needed Mathematics Preparations

For average K-12 student enrolled in engineering Career Pathways:

Four operations: (1) addition; (2) subtraction; (3) multiplication; and (4) division. Sigma
notations could be used to represent these four basic computations.

System of numbers: (1) whole numbers; (2) decimals; (3) fractions; (4) roots and
powers; (5) irrational numbers; and (6) rounding rules.

Measurements: (1) dimensions (length, area and volume); (2) time; (3) mass; (4)
temperature.

Systems of units: (1) metric; (2) customary; and (3) conversion between metric and
customary units, or among units in the same system.

Geometry: (1) the Cartesian Coordinates System; (2) two-dimensional shapes, their
perimeters, areas and other characteristics; and (3) three-dimensional solids, their edge
lengths, surface areas, volumes and other perimeters. For regular shapes and solids,
these perimeters can be calculated using pre-calculus mathematics; for irregular shapes
and solids, calculus (mainly integration) is needed.

Trigonometry: (1) the six trigonometric functions; (2) special triangles (isosceles,
equilateral, etc.); (3) Laws of Sins and Cosines; and (4) triangulation (for structural
design and development of sheet-metal parts).

Algebra: (1) algebraic modeling; (2) simultaneous equations; and (3) linear algebra.

Vector graphics: (1) in two-dimensional plane; and (2) in three-dimensional space; and
(3) parallelogram rules for addition and subtraction of vectors.

For average college student enrolled in engineering undergraduate programs:

All of the above plus

Beginning Calculus: (1) integration (single and multiple variables); (2) differentiation
(full and partial derivatives).

Advanced calculus: differential equations.



High School Mathematics

The most frequently used math skills in practical engineering

design: (1) four operations; (2) geometry and trigonometry; (3)

linear algebra; and (4) beginning calculus (All in US K-12
curriculum).




Table 24

M at h e I l l a.t I C S Grades K-8 Number, Four Operations & Algebra Topics Completion Chart
{According to Georgia Performance Standards)

Grade Number, Four Operations & Algebra Topics
K o Addihion and subtraction {(MEN2)
o Comecting mrmbers to quantities (MENL)

Tab | e 2A (N um ber’ FO ur 1 Z j?ﬁmﬁﬁhﬂﬂﬁ ;tlsi%decmlmmﬁms MINL, MIZ)
Operations & Algebra L R
Topics for Grades K-8): ; I;.mphiﬁgﬁmm opNy

 Basics of four arithmetic N ;d ;hmm D e G s
operatlo_ns, l.e., a_.d_dItIO_ n, o Multiplication and division of whole rrrbers (M3N3) (M3N4)
subtraction, multiplication e e
and division, are required 2 Romiog e (g 5o of 2 QDD
at G rade 2 ’ o ‘S."hqle r;].m[_n::ule:i:% the basze-ten mmeration systam (M4N1)

« Four operations involving ST Ml heation and hsiors i kTl (VEN)
deCImalS’ fraCtlonS’ Slgns : giﬁﬁijl?%fr;ﬁ;ﬁﬁ;gﬁﬁ composite; multiples and factors, divisibility niles)
and other numeric (MEND)

Percertage (MENS)
Simple algebraic expressions by substinting mambers for the mlmown (MSAL)

elements are required for

L=
o ol|o o

H . Eatio. (M6AI)
com p I etl on at G rad e 7 ’ Four anthmetic operations for posittve rational members (factors, nmiltiples, prime factorization,
an d Fimdamental Theoram of Antlmetic, Greatest Corrzmon Factor, Least Conmmon Multiple, fractions and

mixed rmrnbers withmhlke demommators) (M6N1)
o Algebraic expressions including exponents, and solution of stnple one-step equations using each of the

» Basics of systems of four basic operations (V6A3) ~ |
Slmultaneous equatIOnS 7 o g;cmmf]:;a;ﬁi;;ﬂlpnmm'e and negative rational mambers (absohte value of a mamber, repeating

an d | N eq u al |t| es are = Fepresenting and evahiating quartities using algebraic expressions (translation from verbal phrases,
simplification and evahation using conmutative, associative, and distributive properties; addition and

required at Grade 8 (pp. subtraction o linear expressions) (M7 AL)

29 30) = Linear equations i one varable (using the addition and nmltiplication properties of equality to solve

one- and two-step hnear equations) (M7 A2
Four Operations Completed

8 o Basic concepts of set theory (Venn digrams, subsets, corvplements, imtersection, and umon of sets, sat
notation) (MSD1)

o Number of outcormes related to a given evert. (tree diagrams, addition and nmiltiplication principles of
counting) (MSD2)

o Different representations of mambers inchidng square roots, exponents, and scientific notation. (MEN1)

o Solving algebraic equations in one varable with absohite vahies; and solving equations rmvelving
several vaniables for one vanable in temms of the others (M8AL)

o Systamns of inear equations and inequalities and problam-solving. (MBAS)

L) Basic Alcebra Completed +




Mathematics

Table 2B
Grades K 8 Geometﬁ Topics Completion Chart

Table 2B (Geometry for Crade Geometry Topics
. Fl ic fi i ! ! .and circles) and solid ic bodi
G rad es K'8) : a ﬁ;ﬁmﬁcﬁes (triangles, rectangles, squares, circles) solid geometric bodies (spheres
: 1 Spatial relations (proximity, position, and direction) (MLG3)

° Th e COO0 rd In ate SySte m 1 2 Pfaile gﬁmxz ﬁ;ff:gsquffi u:c;t:cle = maflcgl::and rectangles, pentagons, and hexagons) and sohd

one amon g th em Ost geametric ﬁgu.re.s (evlinders, cones, and rectang.llar.pnsms} Gﬂ GL) (M1G2)

2 o Plane figures {triangles, squares, rectangles, trapezoids, quadrilaterals, pertagons, hexagons, and
Important constructs for inegular polygonal shapes) (M2G)
o Solid geometnic figures (prigms, cylinders, cones, and spheres) (ARG

englneerlng anaIySIS and 3 a Pen'.mET._EMndarea nf_geometriu: ﬁgl.l.tEs[_sql.laresandrec[an_gles}. ['."'.1_3113) MABMY _ _

dGSIg n IS req ul red at a Pmpe_rues of geometric figures (scalene, 1sosceles, and equlateral tnangles; center, diameter, and radms

Grade 4 and of a circle) (MIGL)

’ 4 o Characteristics of geometnic figures (parallel and pempendicular ines in parallelograms, squares,
 The characteristics of e e
- h o Fimdamertal solid figures (cube and rectangular prism) (M4 GL)
- Coordinate system (M4G3)
Common tWO dlmenSIOnaI — — Coordinate System Completed
flgureS (trlangle, Square, 5 o Congrusee of geometric figures and correspondence of their vertices, sides, and angles. (M5GL)
i Eelationship ofthe cirammnf; fa circle, its diameter, and n (MSGI)

re Ctan gl € ' Cl rC I € 1 an d Of 2 Afea [Em]lpelz‘gmlnc:nt:riangl?:e?iizlz: jE;EZ.:E;l; i.ngulZi pnl}';an} (MSML)

three-dimensional solids, o Volume (qube and rectangilarprism) (MSM4)

SUCh as cone pyram |d 6 a Rﬁéﬁj%mes (lines of synumetry, degree of rotation, concepts of ratio, proportion, and scale factor)

’ 1 T

P rism, their su rfape and o ;,Iui];i fgﬁurhe; ég%}l;f;;ﬁspﬂjﬂgfhﬁ%eéz cones fiont, back, top, bottom, and side views; nets for

?/O I u m e y are reqdu I re)d (fOI’ o Vohmme (nght re ctangular pn'ans.: cylinders, P}'mru'ds: and cones) (MoM3)

earnin g at G rade 8 p p ] - o Surface area (right n?ctangﬂar prigns and cylinders) (MoM4)

o Geometric construction of plane figures (M7G1)
30'3 1) . o Transformations (translations, dilations, rotations, reflections), and the resulting coordinates (M7G2)

o Properties of simnilanty in geometric figures (sinilarnty, congmence, scale factors, length ratios, and area
ratios, etc) (MTG3R)

o Three-dimensional figures formed by translations and rotations of plane figures through space,
sketching, modeling, and describing cross-sections of cones, cylinders, pyramids, and pnans) (M7G4)

] o Properties of parallel and pempendicular lines and the meanmg of congrusnce (M5G1)
o Pytha gorean theoram (MSGI)
Basic 2D & 3D Geometric Figure, Areas and Volumes Completed




Mathematics

Table 2C (Measurement & Comparison for Grades K-8):

» Basics of standard units for length, time and temperature are required
for completion at Grade 2; and

» Units conversion and units for area and volume are required for
completion at Grade 8 (pp. 31-32).

Table 2C
Grades K-6 Measurement & Comparison Topics Completion Chart

Grade Measurement & Comparison Topics
K o Length, capacity, height and weight (MEMI)
o Calendar tome (MEM2)
o Orderng of events (MEM3)
1 o Length, weight, or capacity (MINIL)
o Time (MIMZ)
2 o Standard wmits of inch, foot, yvard, and metric wnits of centimeter and meter (AM2A )
o Time (M2IMD)
o Tenperature (MIN3)
Standard Units (Length, Time & Temperaiure) Completed

3 o Elapsed time of a full, half, and quarter-hour (M3MI1)

o Length measuremertt with appropriate umits and tools (M3M2)

4 o Weight (M4ML)

o Angle (M4M2)

5 o Capacity withimits and tools (milliliters, liters, fluid ounces, cups, pints, quarts, and gallons) (MSM3)

6 o Uit conversion withm one svstam of mea sirement (custornary or metric) by usng proportional
relationships (for length, perimeter, area, and vohame) (AMGML)
o Units of measure for length, perimeter, area, and vohmme (AMGMN2)

Unit Conversion Completed



Mathematics

Table 2D (Data Analysis, Probabilities & Statistics for Grades K-8):

* For the particular subject of statics, the relevance of Performance
Standards listed in this table are generic and marginal; and this is
equally true for many other engineering foundation subjects (p. 32).

Table 2D
Grades K-8 Data Analysis, Probabilities & Statistics Topics Completion Chart

Grade Data Analysis, Probabilities & Statistics Topics
K o Data collection and organization (MED1)

1 o Tables and graphs (creation, interpretation and data entry (MLD1)

2 o Tablesand graphs (M2ZD1)

3 o Creation and interpretation of sinpls tables and graphs and mathematical arguments and proofs

(M3D1)

Analysis of graphs (circle, line, bar graphs, etc.) (MSD1)

o Collection, organization, and display of data using the most appropriate graph (MSD2)

] o Posing questions, collecting data (through aurveys or sxperimeants), represanting and analyzing the data
(categorical or memerical), and iterpretng results (frequency distributions and tables, pictographs,
histograms; bar, line, and circle graphs; and line plots) (AM5D1)

o Expermerntal and sirrple theoretical probability, the nature of sampling, and predictions from
mvestigations (M6D2)

7 o Understandmg and graphing relationships between two vanables. (M7A3)

o Data collection and statistic analysis (frequency distributions, mean, median, mode, outliers, range,

quartiles, Iterquartile range, sraphs including pictographs, histograms, bar, line, and circle graphs, and

line plots, box-and-whidcer plots and scatter plots, description of the relationship between two
vanables, etc.) (MT7D1)

Understandmg and graphing mequalities in one vanable. (AMBA2)

Eelations and linear fimctions. (MBA3Y)

Graphing and analyzing graphs of linear equations and mequahties. (M8A4)

Basic laws of probability (probabilities of sitple independent events and of compound mdependent

everts) (AMEDI)
o Organizing, interpreting, and makmg inferences from statistical data {data collection, modeling with a
linear fimction, line of best fit from a scatterplot) (MEIM)

n
[}

[T R




Mathematics

Table 2E (Number,
Operations &

Functions Topics for
Grades 9-12):

 The Georgia
Performance Standards
for the six trigonometric
functions in this section
are directly relevant to
many topics of statics

(p. 33).

Table 2E

Grades 9-12 Number, Operations & Functions Topics Completion Chart

Course/Grades Number, Operations & Functions Topics
Accelerated o Complex mimbers (MAINI)
Mathematics 1 | o Trnsfommations of basic fimctions (vertical shifts, stretches, shrinks; reflections across the
(Grades9,10,11, x-and y-axes; domam, range, zeros, intercepts, irtervals of increase and decrease, maximnm
12) and mintnem vahes; end behavior; rates of change of linear, quadratic, square root, and
(Tobeapplied at other fimction farmlies) (ALALAL)
Grade 9 under o Simplhification and operation with radical expressions, polynormials, and rational expressions
Math Course (square roots, special products; area and volume models) (MA1A2)
Sequence Options | o Characteristics of quadmatic fimctions, inchiding domain, mnge, vertex, axis of symmetry,
14&3) zeros, ntercepts, gxtrama, intervals of merease and decrease, and rates of change; anthmetic
series and vanous ways of computmhg their sums; sequences of partial amms of antlemetic
series as examples of quadratic fimctions) (AMALA3)
o Solving quadratic equations and mequalities in one vanable (MALA4)
o Step and piecewise fimctions, greatest mteger and absohite vahie fimctions (MALAS)
Accelerated o Exponential fimctions. (MAZAL)
Mathematics2 | o Inverses of fimctions. (MA2AZ2)
(Grades9,10,11, | o Analyze graphs of polynomial fimictions ofhigher degree. (MA2A3)
12) ) o Loganthmic fimetions as imverses of exponential fimctions. (MA2A4)
(Tobeappliedat | 5 Fquations and inequalities (real and commplex roots of higher degres polynemial equations
Grade 10 under using the factortheoram, remamder theorem, rational root theoram, and fimdamental
Math Course theorem of algebra, ncorpomting conplex and mdical conjugates; polynomial, exponential,
Sequence Options and loganthmic equations and inequalities; solution sets of inequalities with interval
2&3) netation) (MA2ZAS)
Accelerated o Complex mmmbers in trigonometric fonmn. (MA3ALL)
Mathematies 3 | o Sequencesand series (MA3AD)
(Grades9,10,11, | . Rational fimctions (domam, range, zeros, poirts of discortirmity, intervals of increass and
12} decrease, rates of change, local and absohite extrema. smmmetry, asymptotes, and end
(Tobeapphedat behavior, irverses of rational fimections, domain and range, symmetry, and composition;
Grade 11 imder solving rational equations and inequalities analytically and graphically) (MA3AL)
Math Course o Pamametric representations of plane curves {corwersion betweean Cartesian and parametric
Sequence Cptions form; graph equations in parametric form showing direction and beginming and ending
14&3) ports where appropoate) (MA3AI2)

Polar equations (expressing coordmates of points i rectangular and polar forn: graphing
and identifying characteristics of simple polar equations ncluding lines, circles, cardioids,
limacons, and roses) (MA3ALY)

Using the circle to define the trigonometric fimctions (angles measured in degrees and
radianz, inchidng but not limited to 0%, 30°, 437, 0%, 907, their nrmltples, and
equivalences; the six tngonometric fimctions as fimetions of general angles in standard
position; vahies of trigonometric fimctions 1sing points on the terminal sides of angles m
the standard position; the six trigonometric fimctions as fimetions of arc length on the unit
circle; finding vahes of tngonometric fimctions using the 1wt circle) (MA3IA2)

Graphs ofthe six tngonometne fimections (charactenstics of the graphs of the s basic
trigonometric fimctions; graphing transfommations of trigonometric fimctions ncluding
changing period, amplitide, phase shift, and vertical shift; applying graphs of trigonometric
fimetions m realistic contexts rwolving penodic phenomena ) (MA3A3)

Investigate fimctions {companng and contrasting properties of fimctions within and across
the following types: inear, quadmtic, polynomial, power, rational, exponential, loganthrme,
trigonometric, and piecewise; transformations of fimctions; characteristics of fimctions built
through s, difference, product, quotient, and composition) (MA3IA4)




Mathematics

Table 2F (Trigonometry & Analytic Geometry Topics for Grades 9-12):

 The Georgia Performance Standards for the relevant topics will prepare
students for undergraduate engineering courses (p. 34).

Table 2F
Grades 9-12 Trigonometry & Analvtic Geometry Topics Completion Chart

Course/Grades Trigonomefry & Analytic Geometry Topics
Accelerated o Properties of geametric figures in the coordinate plane (distance betwesn two points,
Mathematics 1 between a poirt and a line; midpoint of 2 segment, properties and conjectures oftriangles
(Grades9,10,11, and quadnlaterals) (MALGL)
12) o Properties of triangles, quadrilaterals, and other polvzons (mum of interior and exterior
(Tobe applied at angles; triangle inequality, side-angle, and exteror-angle inequality; congmience poshilates
Grade 9 under Math and theorams fortriangles: S35, SAS, ASA AAS HIL; properties of special quadrilaterals:
Course Sequence parallelogram, rectangle, rhombus, square, trapezoid, and kite; points of conourency in

Options 2 & 3) triangles, such as ingerter, orthocenter. ciroipncentar. and cepgrond) (AMALG3)

o Properties of circles {cdhords, tangents, and secarits as an application o ftriangle similarity;
central, inscribed, and related angles; length of an are and the area of 2 sector) (MALGY)

oMeasures of spheres (aurface area and vohone) (MALGS)

Accelerated o Special right trangles (30°-60°-20% and 437437007 tnangles) (MAIGL)

Mathematics 2 o Defning and applying sine, cosine, and tangert ratios to right triangles (MA2G2)
(Grades9.10.11. | 5 Relationships between lines and circles. (MA2G3)
12) ) o Becognizing, analyzing and graphing the equations of the conic sections (parabolas,
(Tobe applied at circles, ellipses, andhyperbolas). (AMA2G4)
Grade 10 underMath | Investigate planes and spheres (vertex of a rectangular priam; distance formula m 3-
Course Sequence space; equations of planes and spheres) (MAZGS)
Options 2 & 3)

Accelerated o Simplifymg trigonometric expressions and venifying equivalence stataments (MA3IAS)
Mathematics 3 o Solve trigonometric equations both graphically and algebraically (solving trigonometric
(Grades 9, 10,11, equations over a vanety of domams, using the coordinates of a point onthe tenninal side

12) of an angle to expressx as 1 ggs Band v as r sin 8, law of sines and the law of cosines)
(Tobe applied at (MA3 AG)

Grade 11 wnder Math | o Verifving and applying Yab sin C to find the area of a triangle (MA3AT)
Course Sequence o Inwerse sme, ittverse cosine, and irwverse tangent finctions. (MA3AS)
Options 2 & 3)




Mathematics

Table 2G (Linear Algebra Topics for Grade 10):

e Linear algebra is among the most important mathematics skill for
practical engineering design (p. 34).

Table 2G
Grades 9-12 Linear Algebra Topics Completion Chart

Course Linear Algebra Topics
Accelerated o Basic operations with matnces (adding, subtracting, rmiltiplymg, and nwerting two-by-two
Mathematics 2 and larger matrices) (MA2 AG)
(Grades9, 10,11, | o Using matrices to fommilate and solve problems (representing a systam of linear equations
12) as a matrix equation; solve matrnix equations using irverse matrices, represent and solve

(Tobe applied at realistic problams using systams of linear equations) (MAZAT)
Grade 10 under | o Solving linear progranmming problems in two vanables (solve systems of inequalities intwo
Math Course varables, showmng the solutions graphically; represent and solve realistic problams wusing
Sequence Options linear progranmming) (MA2AR)
24&3) o Matnx representations of vertex-edge graphs (MALAD)




Mathematics

Table 2H (Vector Graphics Topics for Grade 11):

* Vectors expression with rectangular coordinates, magnitude and
direction, plus their addition and subtraction could be taught at Grade
9 since its basic mathematics pre-requisite, i.e., the six trigonometric

functions (sine, cosine, tangent, cotangent, secant and cosecant) are
required for Grade 9 (p. 35).

Table 2H

Grades 9-12 Vector Graphic Topics Completion Chart

Course

Vector Graphics Topics

Accelerated Mathematics
31 (Grades 9,10,11, 12)
(To be applied at Grade 11
under Math Course
Sequence Options 2 & 3)

Understandmg and nsing vectors (algebraic and geometnce representations of vectors;
corversion between vectors expressed using rectangular coordinates and vectors
expressed usmgmagutude and direction; addition and subtraction of vectors and
corrguitation of scalar mmiltiples of vectors; use of vectors to solve reahstic problamns)
(MA3IALD)




Mathematics

Table 2K (Data Analysis, Probabilities & Statistics Topics):

« Similar to Table 2D, for the particular subject of statics, the relevance of
Performance Standards listed in this table are generic and marginal; and
this is equally true for many other engineering foundation subjects (p. 35).

Table 2K
Grades 9-12 Data Analvsis, Probabilities & Statistics Topics Completion Chart

(According to Georgia Performance standards)

Course Data Analysis, Probabilities & Statistics Topics
Accelerated o Nurber of outeornes related to a given evert. (addition and nmltiplication principles of
Mathematics 1 counting, sittple pemmitations and commbinations) (MA1DL)
(Grades9,10, | o Basic laws of probability fmmually exchisive events; dependert events. conditional
11,12) probabilities; predicting outcomes) (MAID2)
(Tobeapplied | o Relating sammplesto a population (MA1D3)
at Grade 8 o Variahility of data and mean absolute deviation (MATDY)
under Math o Detemnme an algebraic model to quantify the association between two quantitative vanables
Course (gathermg and plottmng data that can be modeled with inear and quadratic fimctions; curve
Sequence fitting; processes of linear and quadratic regression) (MALDS)
Options 2 & 3)
Accelerated o Using sanple data to make mfommal mferences about population means and standard
Mathematics 2 deviations (MA2DL)
(Grades®,10, | o Create probability histograms of discrete random variables, using both experimental and
11,12) theoretical probabilities (MA2D2)

(Tobeapplied | o Solve problems involving probahilities by interpreting a normal distributicn as a probability
at Grade 10 histogram for a contirmous random variable (z-scores are used for a generalnonmal
under Math distribution) (MA2D3)

Courss o Understand the differences betwesn expenimental and observational studies by posing
Sequence questicns and collecting, analyzing, and interpreting data (AMA2TM)
Options 2 & 3)
Accelerated o The central lirnit theoram. (MA3D1)
Mathematics 3 | o Margin of error and confidence mterval for a specified level of confidence. (AMA3D2)
(Grades9,10. | o Using confidence irtervals and margins of emor to make inferences from data about a
11,12) population. (MA3D3)

(Tobe apphed
at Grade 11
under Math

Course
Sequence
Options 2 & 3)




Physics

Georgia Performance Standards mandates various physics-related
content knowledge and problem-solving skills for all grade levels.

The hard core of physics education is implemented at Grades 9-12.

The most important concepts and principles of physics that are pre-
requisites for the infusion of engineering analytic content
knowledge into K-12 curriculum:

 Force,
 Energy,
 Rate, and
« Work.




Table 3A
Grades K-8 Physics-Related Science Topics Completion Chart

Physics

Grade Physics-Related Science Topics

K o Differsnt tvpes of motion (straight, zZigzag, roumd and round, badk and forth, fast and slow, and
motionless) (SKP2) 2 motion]
Effzcts of gravity anobjects. (SKP3) = [gravity]

e Table 3A (Physics-

Weather data and pattems in weather and climate (freezing, melting, precipitation, vaporization) (S1EL)
Changes in water as it relates to weather. {S1E2) = [state of matter]

Light and soumd. ($1P1) = [light and soumd]

Magnets and effects (S1P2) = hatural phenomenon]

Related Science Topics):

e Covered in Grades K-8, 3

o Sources andusage of energy (light, heat, and motion) (S2P2) = [mmergy]

b o Changes in gpeed and direction wsing pushes and pulls. (32P3) 2 [motion]
an d C I aSS Ifl e d aS 3 o Production of heat and the effects ofheating and cooling, and understanding a change in temp erature
13 : ” : indicates a change m heat (S3P1) = [heat]
SC I e n Ce I n th e G eo rg I a- oMagnets and how they affect other magnets and conmmon objects. (S3P1) = [ina gnetian]
1 . 4 o Mature oflight fmirrors, lenses, priams) (S4P1) =+ [light]
Stan d ard S . O rg We bS Ite ’ o Production of sound, vibration of objects and vanation of sound by changmg the rate of vibration.

. . (S4P1) = [sound]

L EaCh Standard |S ertten o PFelationship between the application of a force and the resulting change in position and metion on an

. object {sirple machines and their uses: lever, pulley, wedge, inclined plane, screw, wheel and axle.
Using different size objects, observe how force affects speed and motion. lamning what happens to

fo r O n e partl Cu I ar g rad e - the slg:ueed or direction c-:u]f:;.n object when a greater foru:e?ijmn the mitial anEit.}?;pp]ieg. Effact ffl'j

gravitational force on the motion of an object (S4P3) = [simple machines and motion]

d General Iy Speakl ng ’ these ] o Electnicity, magnetiam and their relationship. (S5P3) = [electromagnetian)]

! ] o Vanous sources of energy, their uses, and conservation (the wle of the sm as the major source of
Stan d ard S p rOVI d e energy and the am's relf}ﬁmshjp to wind and water Enerligr': renewable and nmnrme‘ﬁjahle resources)
= (S6E6) = [energy]
S Uffl CI e nt am O U nt Of o Evolutions of current scientific wiews of the wmiverse (progression of basic histonical scientific theones
. from geocertric to heliocearic, the Big Bang; the position of the solar systam in the Milksy Way galaxy
p re paratl O n for th e and the wiverse; size, surface and atmospheric features of the planets, their relative distance from the
sun and ability to support life; motion of objects in the daymnight sy intenms of relative position;

i n fu S | O n Of e n g | n e e rl n g gravity as the foree that govems the motion m the solar systam; characteristics of comets, asteroids, and

meteors) (S6EL) = [astrononty and universa]

an alytl C an d p re d | Ctlve ] o Fomms and transformations of energy (Law of Conservation of Energy; relationship between potential

. . and kinetic energy; charactenstics ofheat, light, electricity, mechamical motion, sound; conduction,

principles at 9th Grade. radition and convecton) (SSP2)

o PFelationship between force, mass, and the motion of objects (velocity and acceleration; effect of
balanced and wbalanced forces on an object 1 tenms of gravity; inertia, and friction; effect of sirple
machines such as lever, inclined plane, pulley, wedge, screw, and wheel and axle on work) (58P 3)

o The wavenature of sound and electroma gnetic radiation {charactenistics of electromagnetic and
mechanical waves; reflection, refraction diffraction, and absorption; how the lirman eye sees objects
and colors mterms of wavelengths, how the behavior of waves is affected by medimrm such as air,
water, solids; amplitnde and pitch) (S8P4)

o Charactenistics of gravity, electricity, and ma gnetigm as major kinds of forces acting in natire
(unrversal gravitational force, mass of and distance between the objects; advantages and disadvartages
of series and parallel circuits and transfer of energy; electric anrents, magnets and foree) (S8F5)




Physics

Table 3B (Physics Topics):

High school pre-calculus-level
physics covered at Grades 9-12;

Are written not for a particular
grade, but for a range of grades
(Grades 9-12).

Offer students solid preparation for
university undergraduate level
calculus-based physics courses in
various engineering programs.

For high school appropriate
engineering curriculum, the
relevance of high school physics
courses topics varies, depending on
the particular engineering
foundation subject (for the subject of
statics, Newton’s Laws are the only
pre-requisites needed).

At Clarke Central High School near
the University of Georgia, physics
courses are offered at Grade 9, 11,
and 12.

Table 3B
Grades 5-12 Physics Topics Completion Chart

Grade Physics Topics

9-12 | Motion and Force:

o Relationships between force, mass, gravity, and the motion of objects (avera ge and instantaneous
velocity; acceleration in a given frame of reference; scalar and vector quantities; comparing graphically
and algebraically the relationships ameng position, velocity, acceleration, and time;

magitude of frictional forces and Newton's three Laws of Motion: magnitude of gravitational forces;
meaamng and calculating two-dimensional motion, i.e., projectile and circular, with conponent
vectors; centripetal foree; conditions required to maintain a body ina state of static equilibrium ) (5P1)
E.elationships among force, mass, and motion (velocity and acceleration: applying Newton's three laws
to everyday sinnations by explaming the ertia, relationship between force, mass and aceeleration,
equal and opposite forces; relating falling objects to gravitational force; difference nmass and weight;
caloulating ammmts of work and mechanical advanta ge using sinple machmes) (SPS8)

Energy:

o Evahmting the significance of energy inunderstandmng the stricture of matter and the universe (relating
the energy produced through fission and fiision by stars as a doving force in the universe; explaining
how the nstability of radicactive isotopes results in sporntaneous miclear reactions) (SP2)

Evahmting the forms and trans formations of energy (prnciple of conservation of energy, components of
work-energy theoram and total energy ma closed systermy different types of potential energy;

kinetic energy; transformations between potential and kinetic energy; relationship between matter and
energy: vector nature of momentm elastic and nelastic collisions; factors required to produce a
change in momernam; relationship between termperature, itemal energy, and wod: done i a physical
systerr power) (SP3)

Eelating transformations and flow of energy within a system (energy transformations within a syste:
mplecularmotion as it relates to thermal energy changes i tenms of conduetion, comvection, and
radiation; determining the heat capacity of a substance usng mass, specific heat, and temperature;
explaiming the flow of energy in phase changes through the use of a phase dia gram) (SPST)
Electroanagnetic waves:

o Properties of waves (all waves transfemng energy; relating frequency and wavelength to the energy of
differert types of electroma gnetic waves and mechanical waves; characteristics of electromagnetic and
mechanical or sound waves; phenomena of reflection, refraction, interference, and diffraction; relating
the speed of soumd to different medivims; Doppler Effect (SP59)

Properties and applications of waves (processes that results in the production and energy transfer of
electroma gnetic waves; behavior of waves in vanous media in temms of reflection, refiaction, and
diffraction of waves; relationship between the phenomena of nterference and the principle of
superposition; transfer of energy through differsnt mednims by mechanical waves; location and nature
of images formed by the reflection or refraction of light) (5P4)

E.elationships between electrical and ma gnetic forces {fransformation of mechanical energy irto
electrical energy and the tranamission of electrical energy; relationship among potential difference,
current, and resistance in a direct current cireuit; equivalent resistances in series and parallel cireuits;
relationship between moving electric charges and magnetic fields) (SP5)

Properties of electnicity and ma gnetiam (static electnicity in terms of Frction, induction, conduction;
altemating and direct auwrrent; voltage, resistance and current; stnple series and parallel cireuits;
movenent of electrical charge as it relates to electromagnets, sinple motors, permansnt magnets)
(SPS10)

9-12 | Relativity & Modern Physics:

o Comections to Newtonian physics given by quanhim mechanics and relatvity when matter is very
small, moving fast compared to the speed of light, or very large (matter as a particle and as a wave; the
Uncertamty Principle; differences in time, space, and mass mea suraments by two observers when one is
ina frame of reference moving at constart velocity parallel to one ofthe coordinate axes ofthe other
observer's frame of reference if the constart velocity is greater than one tenth the speed of light;
gravitational field avroundmg a large mass and its effect on a ray of Light) (SP&)

o Characteristics and components of radioactivity (alpha and beta particles and ganwma radiation; fission

and fusion; half-life and ra dicactive decay; muclear energy as an altemative energy source, and its

potential problame) (SP53)

Phases ofmatter as they relate to atomic and molecularmotion (atomicmeleqular motion of solids,

liquids, gases and plhamas: relating temperature, pressure, and volume of gaszes to the behavior of

gases) (SPS5)




Chemistry

Important chemistry content knowledge needed as pre-requisites for

o0k~ WNPE

engineering curriculum:

Atomic structure;

Properties of matters;

The Periodic Table;

The Law of Conservation of Matter;

Chemical reactions; and

Chemical energy and its conversion into other forms of energy.

Preparation in chemistry is

For material science: Very important.
For fluid mechanics, heat transfer and thermodynamics: Fairly
important.

For statics and dynamics: Relevance is marginal. > Georgia
Performance Standards for Chemistry is not used in the selection
of high school appropriate statics topics.

Georgia Performance Standards mandates various chemistry-related

content knowledge and problem-solving skills for all grade levels. The
hard core of chemistry education is implemented at Grades 9-12.



Chemistry

Table 4A (Chemistry Table 4A

and Materials- Grades K-8 Chemistry & Materials Related Topics Completion Chart

Related Topics):

) Grade Chemistry & Materials Related Topics
» For Grades K-8, listed K | o Physical attmibutes of rocks and soils (SKE2) > [propetties of materials]
: o Physical properties (clay, cloth, paper, plastic, etc.) physical attnibnttes (color, size, shape, weight,
u nd er th e g eneric texture, buoyaney, flexibility) (SKP1) = [physical properties and atinnites]
b i n 2 Properties of matter and changes that ocour in objects (the three corramon states of matter as solid, liquid,
SCIe nce Categ 0 ry or gas; changes in objects by teanng, dissolving, melting, squeezing, etc.) {S2P1) = [states of matter]
I I 4 States of water and how they relate to the water cycle and weather (temperatures at which water becomes

° S 3
ertten for partlcu Iar a solidora gas, ete) (S4E3) = [states of water]

g rad e |eve|S . 5 o Difference between a physical change (sepamting mmthares, cutting, tearng, folding paper) and a
chermical change (chemical reaction) (S5P2) = [chamical and pliysical changes]

° i ] o Significant role of water in earth processes (oceans, rivers, lakes, underground water, and ice; various
General ly . prOVIdeS atmosgpheric conditions and stages of the water cycle; cormposition, location, and subaurface topography
some baS|C Cog N |t|Ve of the world’s oceans; causes of waves, oorents, and tides) (S6E3) = [mole of water]

; o The way the distribution of land and oceans affects climate and weather (land and water absorbng and
baC kg roun d N th e 6 lozing heat at different rates; unequal heating of land and water awfaces to form large global wind
. gysterns and weather events such as tomados and thimderstonms; moisture evaporating from the oceans
Im po rtant areas Of affecting weather pattems and weather events such as lnnmicanes) (S6E4) = [weather pattem]
. o Fonmation of the earth’s surface (tamperature, density, and cormposition of the Earth’s cst, mantle, and
p re- I’eq uis |te core; commposition of rodcs m tenns of munerals; classification of rocks by their process of formation; -
: movemeant of Ithosphens plates and major geological events on the earth’s anface; effects of plysical
C h em IStry content processes such as plate tectonics, erosion, deposition, velearic enption, gravity on geological featues
: : mcluding oceans such as composition, ourents, and tides; soil as consisting of weathered rodks and
knOWIedge IISted In decormposed organic matenial; effects o flnrman activity on the erosion ofthe eanth’s surface; conserving
; ; natural resources (S6ES) = [fornation of the Earth’s surface]
the preV|OUS S“de 8 o Scientific view of the nature of matter {atoms and molemales; pure substances and mxhures; movenernt
of particles in solids, iquids, gases, and plagma states; physical properties such as density, melting pomt,
boiling poirt; and chemical propeties auch as reactivity, cormbustibility; change m chanical properties
such as developrment of a gas, fommation of precipitate, and change in color; Periodic Table of Elanents;
the Law of Conservation of Matter) (S8F1) = [natue of matter]




Table 4B

n
Grades 9-12 Chemistoy Topics Completion Chart
I y (According to Georgia Performance Standards)

Grade Chemistry Topics

. 9-12 Classified as “Physics:™
o Nature of'matter, its classifications, and the systerm fornammg types o fmatter {density; fommlas for

Tab I e 4 B (C h e m I St ry stable bmary ionic compournds based on balance of charges; using IUPAC nomenclature for transition
T : . betwesn chemical names and chamical fommila s of binary ionic conpomnds; binary covalart

O p I C S) . cormpounds; the Law of Conservation of Matter in a chermical reaction; balancing chemical equations for
. synthesis, decomposition, single replacament, double replacament) (SP32) = [nature of matter]
PY o Arrangament of the Periodic Table (trends of the manber of valence electrons, types of ions formed by

H ard CO re C h e m IStry representative elements, location of metals, normmetals, and metalloids; phases at room taperatire)

. (SP54) = [periodic table]

CO u rses Offe red to h Ig h o Properties of solutions (zohate'solvert, conductivity, concentration; factors affecting the rate a sohate

dissolves in a specific solvent; solubility ourve; conponents and properties of acids and bases;

SCh OOI Stu de ntS (G rad eS detemnming whether commmon household substances are acidic, basic, ornatral) (SP56) = properties of

solutions]
9_12) . Classified as “Chemistry:”
! o Wature ofmatter and its classifications. Bole of nuclear fiasion in producing essentially all elamernts
heavier than hydrogen: idertifying substances bazed on chemical and physical properties; predicting

L4 G eo rg |a Pe rfo rmance fommulas for stable ionic compounds - binary and tertiary - based on balance of charges; using IUPAC

nomenclature forboth chamical names and forrmlas: Tonic compounds (Brary and tertiary), Covalat

St an d ard S fo r C h em iStry compounds (Binary and tertiary); acidic compounds ( Binary and tertiary) (SC1) > fature of matter]

The Law of Conservation ofMatter and its use to determme chemical conposition in cormpounds and

! 1 chemical reactions (identifymg and balancing chamical equations: Synthesis, Decomposition, Single
eStab I IS h ed a-S a SI n g | e Replacement, Double Replacement, Combustion. Experimentally determining indicators of a chemical
S u b-Categ O ry u N d e r th e Applying concepts of the mole and Avogadro’s memberto conceptualize and calculate;
empiricalmolecular fomrmilas; mass, moles and molecules relationships; molar vohames of gases
i chamiecal reactions) (SC2) = [the law of conservation of matter]
1] S C I e n Ce 1) Uzing the modem atomic theory to explain the charactenstics of atoms (3C3) = modem atormic theory]
’
. Understandmg that the rate at which a cheamical reaction occurs canbe affected by changing
° ertte n for a ran g e Of comcentration, teperature, or pressure and the addition of a catabyst. (SC5) = rate of chamcal reaction]
(atormicamolecilar motion in solids, iquids, gases, and plasmas; amomt of heat given off or taken m by
g rad es (G rad es 9 ’ 10 ’ 1 1 ’ chermical or physical processes; flow of energy dunng change of state or phase) (SC6) =
. [atomicmoleoule motion]
and 12). They provide a
solute'solvent intera ctions: such as factors that effect the rate at which a solute dissolves ina specific
concentration; relating mplality to colligative properties. Compare, cortrast, and evaliate the nature of
acids and bases: Anhenius, Bronged-Lowry Acid Baszes, strongvs. weak acidsbases in tenms of percent
(610) | | € g e un d e rg rad u ate dissociatior; Hydmnaan ion concentration; pH; acid-base neatralization) (3C7) = [acids and bases]

reaction specifically precipitation, gas evolution, water production, and changes i energy to the systam.
g e n e ral Cate g O ry Of different types of stoichicmetyy problams; conceptual prineiple of limiting reactarts; role of aquilibrmum

Using the organization of the Periodic Table to predict properties of elaments. (3C4) = [periodic table]

Understandmg the effects of motion of atoms and molecules in chamical and plrysical processes

Properties that describe solitions and the nature of acids and bases (process of dissolving in tenms of
SO | I d p re p aratl O n fo r solvent; concentrations as molanties; preparng and properly labeling solutions of specified molar
engineering programs.



Environmental Science

» Georgia Performance Standards for Science at Grade 3 and Grade 5
mandate coverage of important knowledge about pollution,
conservation of natural resources and recycling. = Important factors
for socially responsible and ecologically sustainable engineering
design. = Should be incorporated as factors for the development of K-
12 appropriate engineering curriculum, whenever applicable (notably in
the subject of material science).

Table 5
Grades 3 and 5 Environment Science Topics Completion Chart

Grade Environment Science Topics

3 o Effects of polhution and lnrmans on the envirorement, protection of ewirormment, conservation of
resources, recycling of matenals (S3L2) = [pollution, conservation and recycling]

= o ldentifymg surface features of the Earth caused by constmictive processes (deposition, earthquales,
voleanoes, faults) and destnachive processes (erosion, weathenng, mpact of orgamans, earthqualee,
volcano), and role of tedmelo gy and hisman mitervention m the control of constructive and destmictive
processes (selanologcal studies, flood control, beach reclamation) (SSE1) = [constmctive and
destructive processes]




General Scientific Approach

At Grade 7, under the
category of “Science,”
Georgia Performance
Standards mandate sufficient
amount of generic knowledge
and skills related to the
process of scientific
Inquiry, experimentation,
and discovery, which are
sufficient for students to
develop appropriate
methodology iIn
engineering study and
practice, which is applicable
In both high school and
college-level engineering
curriculum.

Table &

Grade 7 General Scientific Approach Topics Completion Chart

Grade

General Scientific Approach Topics

= Explonng the importance of curosity, honesty, opermess, and skeptician in science; exhibiting these

traits i to wderstand how the world works imderstanding the mportance of, and keeping honest,
clear, and accurate records in science; inderstanding that hypotheses canbe vahable, even if they tum
out not to be completely accurate) (STCSL)

Using tools and mstnmmertts for chserving, measuing, and manpulating e quipment and materals in
scientific actvities (using approprate technology to store and retneve scientific mfommation m topical,
alphabetical, mimencal, and kevword files, and create siple files; measurng objects and‘'or
substances; standard safety practices for scientific mvestigations) (S3TCS4)

Using the 1deas of svstan, model, change, and scale in explonng scientific and tecdmolo gical matters
(observing and explaining how parts can be related to otherparns na system such as predator'prey
relationships in a conmmmity/ecosystent inderstanding that different models such as physical replicas,
plctures, and anmalogies, can be used to represent the same thing) (S7CSS)

Conmmmicating scientific ideas and activities clearly (writing clear, step-by-step instructions for
conducting particular scientific mvestigations, operating a piece of equipment, or following a
procedurs; writing for scientific purposes incorporating data fiom circle, bar, and line graphs, two-way
data tables, dia grams. and symbols; organizing scientific information using appropriate sivple tables,
charts. and graphs. and idennify relationships they reveal) (37CS6)

Ciestioning scientific claims and argaments effectvely (questioning claims bazed on vague attributions
such as “Leading doctors say...” or on statements made by people outside the area of their partionlar
expettise; identifymg the flaws of reasoning that are based on poorly designed research, 1., facts
intenmmgled with opinion, conclusions based on mafficient evidence; questionmg the value of
argments based on smnall samples of data, biased sarples, or sanples for which there wasno control;
recognizing that there may be more than one way to interpret a given set of findings) (STCS7)
Investigating the characteristics of scientific Imowledge and howthat kmowledge is achieved (when
similar investigations give different results. the scientific challenge is to judge whether the differences
are tnvial or significant, which often requires finther study; even with skular results, scientists may
wait imtil an investigation has been repeated mary times before accepting the results as meaningful;
when new experimertal remults are hconsistent with an existing, well established theory, sciantists may
pursue finther experimentation to determine whether the results are flawed or the theory requires
modification: as prevailing theories are challsnged by new mfonmation, sciertific lnowledge may

changs) (STCS8)

Investigating the featires ofthe process of scientific inquiry (Tvestigations are conducted for differerst
reaszons, which inchide explonng new phenomena, confinmmg previous reaults, testing how wella
theory predicts, and corparng competing theories; scientific mvestigations usmally twvolve collecting
evidence, reasoning, devising hypotheses, and formulating explanations to make sense of collected
evidence; scientific experiments irvestigate the effect of one vanable on another. All other varables are
kept constant; scientists often collaborate to design research. To prevent bias, scientists conduct
independent studies of the same questions; accurate record keeping, data sharing, and replication of
results are essential for mamtaining an mvestigator’s credibility with other scientists and society;
seientists use technolo gy and mathamatics to enhance the process of scientific inquiry; the ethics of
science require that special care nmst be taken and used for lnpnan subjects and anenals in scientific
research. Sciertists nmst adhere to the appropriate niles and guidelines when conducting ressarch)

STCS)




Engineering and Technology
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Mutual Compatibility

(Georgia Performance Standards for Engineering and Technology and
the Proposed Model of Infusing Engineering Design into K-12 Curriculum)

K-12 Engineering Road Map

N i . Inside the
(Kindergarten - (Middle School) (High School)
Elementary School) l I l areas)

Knowledge Design Knowledge Design

Knowledge Content t Process
Content MCLEE N | STEM-integrated Science + Engineering & SIEM-integrated +“Analytic

Integrated STEM « Conceptual. & Technology Courses Technolo Engineering Coursgé Reductig
Courses (3: (6 Courses, fonefsemester)

oneltwo years): 9 one/semester):
+ Mathematics. * Engineering Technology
+ Technology . 1. Drafting; —
1. Intro to “Linearly 2. 3D Modeling Predictive _structures
Science; 3. Power & Energy; Analysis: and “Systems
2. Intro to 4. Construction Systems; { * Formula-based _J Thermodynamlcs or/ Thinking” (12)
Engineering; 5. Manufacturing Systems. calcu.latlons; for “Capstone.”
3. Intro to 6. Electrical Circuitry & Physical lab :
Technology) Component Selection).) experiments. . Pathways (3 Major

+ Digital simulation. Courses;

“Recursively
e ¢ g a a one/semester).
Sy-eanc e + Design “Capstone” (2
N Courses)
Dr. Mgﬁxg: Animatronics (|nterd|50|pllnary, mtegratlve STEM); analysis & design

Other existing programs: Project Lead The Way, etc.

Integrated STEM Enrichment - Integrated Design



Mutual Compatibility Chart

Subject (Course) Compatibility with
under GPS for Engineering & Technology Main Course Sequence on the E I I C d
Engineering & K-12 Engineering Road Map under the Proposed Model X I Stl n g O u rS e S u n e r
Technology =
Grades K-5 Grades 6-8 Grades 9-12 C h P d
(Kindergarten (Middle (High School) O u rS e S t e ro p O S e
to Elementary School) .
School under Georgia Model for
Technology Engineering Foundation Pathway Design .
Course Technology | (Grades 9-10) Course “Capstone” Perforl I lan Ce InfUS| ng
(Grades K-5) Course (Grades 10- Option
s = (Crade’® Standards Engineering
Electronics
Foundations of Electrical Electronics H H
Electronics Circuitry and (Grade 10) D eS I g n I nto K- 1 2
g-cimp.unem .
election
Advanced AC and DC Electronics Currlculul I l
Circuits Grade 11)
Digital Electronics Electronics
(Grade 11)
Electronics Intemship Electronics Subject (Cours Compatibility with
(Grade 12) under GPS fi Engineering & Technology Main Course Sr.quence on the
Energy Systems Engineering’ & K12 Engineering Road Map under the Proposed Model
Foundations of » Intro to Science [Leehnf Grades K-5 Grades 6-8 ‘Grades 9-12
e and » Introto (Kindergarten (Middle (High School)
bk 2y Engneering to Elementary School)
» Introto School)
—— Technology e Technology Engineering Foundation Pathway Design
TE:EUTO;. et e L Course Technology | (Grades 9-10) Course “Capstone”
Appropriate and Power & Energy (Grades K-5) SlTes (Grades 10- Option
Altemnative Energy (Grades 6-8) 11) (Grade 12)
Technologies Engineering, Graphics & Design
Energy S}'stems Energy Introduction to Drafting
Intemship Engineering, Drawing
Engineering s
- - Survey of Engineering Drafting
Foundations of » Introto Science Graphics
Srgrerrran + Intoto 3D Modeling 3D Modsling
flechabo sy Engineering Analysis
. ;?E;;:luﬁ Manufacturing
- - - Foundations of Manufacturing Material Strength Manufacturing
Engineering Concepts All Options (Grade 11) Mamfacturing and Systems & Selection (Grade 10}
Engineering All Options (Grade 12) Materials Science (Grade 9)
Applications Fobaotics and Manufacturing
Engineering Intemship All Options (Grade 12) Automatic Systems (Grade 10)
Production Enterprises Manufacturing
(Grade 11)
Manufacturing Manufacturing
Intemship
Other GPS Engineering & Technology Courses
Research, Design Generic
and Project engineering design
Management and management
experietice




Relevance of Georgia Performance Standards for
Engineering and Technology to

Infusion of Engineering Analytic Content Knowledge
into K-12 Curriculum

Contributions: Great contributions in: (1) “Technology” courses (“Introduction to
Science, Engineering and Technology,” corresponding to Grades K-5 in the “K-
12 Engineering Road Map” shown in Figure 4D); (2) “Engineering Technology”
courses (for various engineering-related technology courses, corresponding to
Grades 6-8); (3) “Pathway” courses (for various options of engineering fields,
corresponding to Grades 10-11); and (4) “Design Capstone” courses (for an
interdisciplinary design and internship experience at Grade 12). > A basis for
the eventual development of a comprehensive and systematic set of
national and state K-12 engineering education performance standards in
the above 4 areas.

Limitations: Generally have no direct relationship with the four high school
“Foundation” engineering courses featured in the proposed “K-12 Engineering
Road Map:” (1) Statics and Dynamics, (2) Material Strength and Selection (the
material strength portion), (3) Heart Transfer and Thermodynamics, (4) Fluid
Mechanics and Aerodynamics. = Will not be used as reference for the
selection of high school appropriate foundation engineering analytic
principles to be incorporated into the above-mentioned four “Foundation”
engineering courses.



Selecting High School Appropriate

Statics Topics

Georgia F Grade by Tible2D ; i L
Grades K-8 Data Amalysis, Probabilities & Stadistics Topics Completion Chan
Standards (GPS) Code the coded GPS Table No. {Accarding to Georgia Performance Standands)
o \‘ / / ] Grade Tata Analyih, Frovabiliie: & Sathiic Topis

Chapter title math skill (1\.14(}3) > 4t (1 B) Whole section . /v ; |1 D criteflon i ek s )

1 = Tables and g [coraton, mirspretation and deta ety (MLDLY
appropriate T | = Tabletand graghe ARDT)
3

at this Grade = Creanon and miepretason of mEple ables 2nd gaphs 200 MalATAtC] ATRUmets and proots
(308}
T H ralysis of gaphs (circle, bne, bas papte, etc ) (MEDI)
Sranikie] emen. 10w and duspley of dats using the most appEprte )
g &t (Buough maveys o i
el s {freqerey o tablies, pictogeap,

histogamns. bue, ke, and cach g, ik ke plots) ASD1)
= y, the nature of arplng

invesigations (MADE)
) b Eles. (MTA)
= Dt callaction and stafidic srhvs (Faqamey diributions, mesn, madun, mods, suthers, range,
quessties. infregaetile rarge. graphs sxhalig picogaphe, hettogrmt. bar, e, mnd cle gaphs, and

e plets, bor-and whiken plots and scarter plots, descriprion of e nlitiondup baentvo
Whole Chapter | vasiabiles, #c ) (MTDE} ‘
Computational formulas appropriate L o - R
= Reebiions and near fictions. (AAY)
Pre-requisite physics  at this Grade & mephuof (AL
concept or principle e :‘::‘_‘;”"J‘J{"\’mm gl e
& Crpanizing. interpasting. idata colection.

tmear Ammon, Ime ofbest fit fiom a scaterpion) (UMY



Data Analysis & Tabulation:

Engineering Topics Mathematics and Science
Pre-requisite Completion Chart

Georgia Performance Grade targeted by
Standards (GPS) Code the coded GPS Table No.

voaiis N N F

Chapter title math skill |’ \1462 ) 9 4112 ( 1 B) Whole Section

. ble 8 appropriate Table 8
Section Engineering Topics Mathematics and Science Pre-refjuisite Completion Chart at this Grade
title

Engineeri gS bject: Statics N 7
Engihke: g Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & mpletion Grade (Geprgia Performance Standard Code) ossil
IP requisite '\.[ th Skills/ ra;
Science Principles] to St;
the Fopic
Math i | Physics e
Chapter 1: Introduction Fd
1.1: What Is Mechanics? = o

[coordinale sys Em](14G}—)4 IB} [force] (S4F3) = 4% (ZA) or
1.2- Fundamental Concepts and Principles [measu.remen time] [’\L M2)=> 2 lC) (S8P3) > 8% (2 C)
B T T [Pa.ra.lll gram Law for the Additio [Newton’s 1% 2% and 3% Laws] (SP1) > 9% (2C)
de=SPeml Nty PeG—5 Force Vector Graphic ]'\an\ )—) lH] e (S8P3 2

/4

Whole Chapter
Computational formulas

appropriate
Pre-requisite physics  at this Grade
concept or principle

 The selected textbook browsed and read page by page.

« All analytic and predictive principles and associated computational formulas
tabulated and carefully analyzed to determine the pre-requisite mathematics
computational skills and principles of physics needed for K-12 students to
comfortably study these statics-related topic at a particular grade level within the
K-12 curriculum.




Procedures of Analysis and Selection

1st Step (Defining Mathematics and Physics Pre- Georgia Performance  Grade targeted by
requisites): Each mathematics skills and physics concepts Standards (GPS) Code  the coded GPS  Table No.
or principles have been defined through careful analysis of \ / ’/
Pre-requisite

their computational formulas, and tabulated in the Math bl s iibateps h
and Physics columns of Table 8. E ik e (\14(}?} rd (I B) ::;I:p?'f;:;n“

Section Enineering Topics Mathematg and Science Pre-reljuisite Completion Chart at this Grade
]

title
Engitgering Subject: Statics

2nd Step (Finding the Earliest Grade of Fulfillment of Eoehgrin e Toes & T Farmab_| S| ST Sy | o
Mathematics and Physics Pre-requisites): Relevant \*'""-"‘“ W r\ =

tables (Tables 2A through 6, pp. 30-47) have been e I;f‘,f;ﬁwwn
checked to find the earliest grade level where these pre- e ———

requisites are required to be explored at a sufficient depth. /
/ Whole Chapter
Computational formulas appropriate
Pre-requisite physics  at this Grade
E‘,ﬁifi.g Data Analysis. Probabilities & Statistics Topics Completion Chart concept or principle
(According to Georgia Performance Standards)
e T TLTE T T T e s 3rd Step (Recording the Earliest Grade of Fulfillment of Each Mathematics
s L qnd Physics Prg-rgquisite): The Georgia Performance Sta.ndards Code. is
2| o Tables and gaphs (EDI) listed together with its Grade level and the number of table (i.e., the location
3 o Creation and interpretation of simple tables and graphs and mathematical arguments and proofs .
DL _ where the Georgia Performance Standards Code could be found.
) Z éﬁifixff;hizﬁﬂmh: ;.\:;Ja]:\?:fp:t: :si)n(;:;eni'l)ost appropriate graph (M5D2)
6 o Pos::'lgq_ue;tjons. co]l_ectimgﬂ;dgtin[ﬂ;muilmﬁso&we@g%ﬁresﬁgﬂ?ml}zﬂgme data L. . . .
b g b e o el Dy oreess - Ath Step (Determining the Appropriate Grade for Infusing Each Topic of
o Experimental and si ility. the nature of ling, and predictions from . . . . . .
oy *tmmb:’f\jm ’ Statics by Finding the Grade of Fulfillment of All Mathematics and Physics
: g;fu;g?# e Pre-requisites): All of the items listed under the same section (or several
line plots, box | description of the relationship between two . H . . - . .
= sections sharing similar pre-requisites) are compared to find the latest Grade
8 o Understanding a ', riable. (M8A2) . . . .
e S level, which is selected as the appropriate Grade level for the section(s), and
@ Basc s ool sinple independrt vents and of cornpound independert entered in the “Sec” (or “Section”) sub-column under the “Possible Grade to
" e O e s QDL e Start the Topic” column. After all Sections under the same Chapter are

processed in the same way, the grade levels for various Sections entered in the
“Sec” sub-column are compared; and the latest grade level is selected as the
appropriate grade level to start teaching K-12 students the relevant statics-
related engineering analytic and predictive principles and skills; and the Grade
code is entered in the “Ch” (meaning “Chapter”) sub-column.



Procedures of Analysis and Selection

1st Step (Defining Mathematics and Physics Pre- .
p( J ) ys Georgia Performance Grade targeted by
requisites): Math and physics pre-requisites Standards (GPS) Code th ded GPS
have been defined through careful analysis of piCate Table No.
their computational formulas, and tabulated in the \ / /
Math and Physics columns of Table 8. Pre-requisite
= = 4 -
Chapter title math skill ( ‘\I 4Gq ) 9 411'. [ 1 B) Whole Section
. ble 8 2 ’ appropriate
?flc“o“ En¥ineering Topics Mathematisg and Science Pre-reljuisite Completion Chart at this Grade
5 nie
Math Engihrgering Subject: Statics \ / §
i Engiheering Analytic Top‘;ll:ls igﬁ'calfnrm as Math & Science Pre-requisite Topics & Gompletion Grade (Georgia Performance Standard Code)
re-requisite Ma ills/
[Four OperatlonS] = Scieqnte Principles]
W Math / [ Physics
_ If Chapter 1: Introduction > ‘ 7
P=— 1.1: What Is Mechanics? [coordinate system] (MNG3) = 4% (1B) [force] (S4P3) = 4% (2A) or
A 1.2: Fundamental Concepts and Principles [measurement: time] (MAM2) = 2= (1C) (S8P3) = 8® (2C)
» . [ . - e [Parallelogram Law forfhe Addition of [Newton's 1%, 2% and 3% Laws] (SP1) = 9% (2C)
PhySICS_ A== FMl do=—Fy, F=G—p Force/Vector Graphics] (MA3A10) S 9% (1H) [acceleration] ($8P3) = 8th 2C)
[Ng.\.ﬂmis Law ngrla\'itfltL_?n] (Sigf;] —) 8™ (2C)
. Force] [scientific inquiry] ($7C59) 27 (2B)
5 [
e Whole Chapter
Computational formulas appropriate
F=ma Pre-requisite physics  at this Grade

concept or principle

Table 2G
Grades 9-12 Linear Algebra Topics Completion Chart

2nd Step (Finding the Earliest
Grade of Fulfillment of
Math_er_natics and Physics Pre- Course Linear Algebra Topics |
YQQUISIteS): Relevant tables Accelerated o Basic operations with matrices (adding, subtracting, nmiltiplvins

(Tables 2A through 6, pp. 30-47) |~ | Matbematia? | s rgermainces) OLAG

o Using matrices to fommlate and solve problams (repres

systam of linear squations

have been checked to find the 12) as a matnix equation; sobve matrix equations usmg i, trices, represent and solve
earliest grade level where these (Tobeappliedat | realistic problems using systems of Iinear equation AT)

. . . Grade 10 mder | o Solving linear programming problae in two var solve systams of mequalities intwo
pre-requisites are reCIU|red to be Math Course varables, showmg the solutions graphically; © and sobve realistic problems using

explored at a sufficient depth. Sequence Options | lincar pmgramiming) (MA2AS)
14&3) o Matnx representations of vertex-edge graphs (AMIAZAD)




Procedures of Analysis and Selection

3rd Step (Recording the Earliest Grade of Georgia Performance Grade targeted by

Fulfillment of Each Mathematics and Physics Standards (GPS) Code

Pre-requisite): The GPS Code is listed together the coded GPS  Table No.

with its Grade level and the number of table (i.e.,

the location where the Code could be found. Pre-requisite

Chapter title math skill ( ‘\1463 ) 9 411'. |"'1 B) Whole Section
. ble 8 2 ’ appropriate

Section En¥ineering Topics Mathematics andScience Pre-reljuisite Completion Chart / at this Grade
title /

Engihrgering Subject: Statics

Engiheering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Gompletion Grade (Georgia Performance Standard Code)
[Pre-requisite Math Skills/
Science Principles]

Math / [ Physics
Chapter 1: Introduction \/7"\
[¥1.1: What Is Mechanics? [coordinate systepf] (M4G3) = 4% (1B)

¢ Fundamental Concepts and Principles [measurement: tifne] (M2M2) = 2= (1C)
O, . - . [Parallelogram|Law for the Addition of
F=md fp==fy F=G—% Force Vector Grapies] (MA3A10) 2 9% (1H

-

Computational formulas

)

[force] ($4P3) = 4% (2A) or ot | oh
(38P3) = 8% (2C)

[Newton's 1%, 2% and 3% Laws] (SP1) = 9% (2C)
[acceleration] (S8P3) = 8th (2C)

[Newton’s Law of Gravitation] (S8P3) = 8% (2C)

[scientific inquiry] (S§7CS9) 7% (2 B/

Whole C ter
appropriate
Pre-requisite physics at this Gra
concept or principle

4th Step (Determining the Appropriate Grade for Infusing Each Topic of Statics by Finding the Grade of Fulfillment
of All Mathematics and Physics Pre-requisites): All of the items listed under the same section (or several sections
sharing similar pre-requisites) are compared to find the latest Grade level, which is selected as the appropriate Grade level
for the section(s), and entered in the “Sec” (or “Section”) sub-column under the “Possible Grade to Start the Topic”
column. After all Sections under the same Chapter are processed in the same way, the grade levels for various Sections
entered in the “Sec” sub-column are compared; and the latest grade level is selected as the appropriate grade level to start
teaching K-12 students the relevant statics-related engineering analytic and predictive principles and skills; and the Grade
code is entered in the “Ch” (meaning “Chapter”) sub-column.




on

Applying the Selecti

* Options 2 and 3: The determination of the appropriate grade level to start any particular
statics-related engineering analytic topic is based on the Options 2 and Option 3 of middle
and high school Math Course Sequence, which are established for average performing
students.

* Option 4: For students enrolled in the Options 4 Math Course Sequence, such
determination will still apply.

» Option 5: For mathematically “highly-talented” students enrolled in the Options 5 Math
Course Sequence, such determination could be adjusted in terms of allowing students to
enroll in the K-12 appropriate statics course at one earlier grade before the grade
determined for all other Options. Georaias

Adjustment for
Mathematically
“Highly-

Talented”
Students

TEWAY TU EDUCATION = PROFESSTORAL RESOUURTE

One Stop Shop For Educators

Whole Section
appropriate

ia Department of Education

5/07

Secondary atics
= Guidance for Co Sequences under the Georgia Pe ce Standards
at this Grade :
Georgia Perfor ce Standards (GPS) Math Cour equence
// Option 1 KOptiun 2 Option 3 Option 4 ) / Option 5 \
Grad Ad d Accelertfed Accelerated
Performance Standard Code) Possibl gt ) P ‘63‘:;::: cfe = < \ feelerie /
th
t?‘;:d ; g 6"Grade GPS | 6" GmdeGPS | p\4uanced GPS | 6% 78 and 8% | 657 amd e
i 3
the Popi 7% | 7% Grade GPS | 7" Grade GPS G grde G grdeitiby
Phesi e ch Advanced GPS
ysics e th
8™ 8" Grade GPS | 8" Grade GPS | dgmfzzdéps Math 1 Acceleralte‘i Wath
(7 @ @ -
?;P}‘B_}} ?&4(2 laA) or 9 9 gt Math 1 A(ﬁz}fﬁafed Accelerallted Math Math 2 Accelera;;ted Math
:c' 1/ 1 (7 -
Et]i |’333 IE_';L;\ 59] éSﬂI: llzg}) 9th (2C) 10 Math 2 Acﬁealftll:g:eh Accelerazted Math Math 3 Accelerasted Math
Gravitation] (S8P3) = 8% (2C) AP Statistics*;
uirv] (37C55) =7 (2B) th Accelerated Accelerated Math AP Calculus
11 Math 3 bisusiie o Math 4 AB/BC;
Joint Enrollment
Math 4; AP Calculus AP Calculus AP Calculus AB; AP Statistics*;
WhOIe Chapter AP Statistics*; AB/BC; AB/BC; AP Statistics*; AP Calculus
. 12" Discrete Math | AP Statistics*; AP Statistics*; Discrete Math; AB/BC;
appl’Opl'l Elte Discrete Math; Discrete Math; Joint Enrollment | Joint Enrollment
Joint Enrollment | Joint Enrollment

at this Grade

* AP Statistics may be taken concurrently with an upper level math course at the system’s discretion.




Structural Incorporation of Engineering

Topics into K-12 Engineering Curriculum

Topics of statics include:
1. Those based on pre-calculus mathematics, and
2. Those based on calculus mathematics.
Geo .Org
e The Math Course
One Stop Shop For Educators
5/07
Seq uence d eve I 0 ped » Georgia Department of Education
T Secondary Mathematics
un d er G €0 rg 1a Guidance for Course Sequences under the Georgia Performance Standards
P e rfo rmance Georgia Performance Standards (GPS) Math Course Sequence
Option 1 Option 2 Option 3 Option 4 Option 5
St an d ard S fo r Grade Advanced Accelerated Accelerated
th th th 6™ Grade
M ath e m atl C S I S u S e d 6 =G GES i Crade 05 Advanced GPS 6™ 7" and 8™ 6% 7% and 8%
7 78 Grade GPS | 7" Grade GPS 7™ Grade grade GPS grade GPS
Advanced GPS
i
as a reference for the # | tomdeors | Pomdeces |, SO |y | Acdasd M
h Accelerated Accelerated Math Accelerated Math
9 Math 1 Math 1 ) Math 2 9
Str ate g I e S to I nfu S e 10™ Math 2 Ai::de;:ég:eh Accelera2ted Math Math 3 Accelera?:ced Math
: AP Statistics™®;
b Ot h CO m p 0 n e n tS I n to 11 Math 3 Accelerated Accelerated Math Math 4 AP Calculus
. & Math 3 3 4 AB/BC;
K-12 curriculum. Toint Enrollment
Math 4; AP Calculus AP Calculus AP Calculus AB; AP Statistics™;
AP Statistics*; AB/BC; AB/BC; AP Statistics™®; AP Calculus
12 Discrete Math AP Statistics*; AP Statistics*; Discrete Math; AB/BC;
Discrete Math; Discrete Math; Joint Enrollment | Joint Enrollment
Joint Enrollment | Joint Enrollment

* AP Statistics may be taken concurrently with an upper level math course at the system’s discretion.




Summary of Table 8 (pp. 58-80)

5 Out of all 10 Chapters in the selected college-level statics textbook (Beer et al, 2004) are
found to be appropriate for Grade 9 students, although some special mathematics skills
(such as additions and subtractions of vectors), should be explored during the course;
these “special mathematics” are appropriate for 9th Grade students to learn, based on
their mandated mastery of pre-requisite mathematics concepts and skills prior to 8th
Grade, although they are assigned to grade level higher than 9th Grade by Georgia
Performance Standards for Mathematics. For example, “vector graphics” pedagogically
could be taught at 9th Grade, but is assigned to 11th Grade; another example is the Six
Trigonometry Functions, i.e., sine, cosine, tangent, cotangent, secant and cosecant for
right triangles, which could be taught as 9th Grade, but are assigned to 10th Grade as
part of the Mathematics Course Sequence under Options 2 and 3.

Table 8

Engineering Topics Mathematics and Science Pre-requisite Completion Chart for the Subject of Statics

Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Complefion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 1: Introduction
1.1: What Is Mechanics? [coordinate svstem] (M4G3) =2 4% (2B) [force] (S4P3) = 4% (3A) or otk otk
1.2: Fundamental Concepts and Principles [measurement: time] (M2M2) = 2% (2C) (S8P3) 2 8% (3C)
. F . . _ _ wL [Parallelogram Law for the Addition of [Mewton's 13, 224 and 3% Laws] (SP1)} = 5% (3C)
d-—=F-mi F,--F, F-G—3; Force/Vector Graphics] (MA3A10) 2 11% (2H) [acceleration] (S8P3) = 8th (3C)
= To be taught as a special math topic [Newton’s Law of Gravitation] (S8P3) = 8% (3C)
[scientific inquiry] (S7TCS9) 27% (3B)
1.3: Systems of Units [unit conversion] (M&M1) = 6% (2C) N/A Gtk
1.4: Conversion from One System of Units to Another
1.5: Method of Problem Solution [problem-solving] (M3N35) = 3% (24) N/A 3«
1.6: Numerical Accuracy [percent] (M3N3) =2 3% (2A) N/A 5th
Chapter 2: Statics of Particles
2.1: Introduction [four operations] (MIN3) = 15 (24) + [force] (S4P3) = 4= (3A) 4t 9t
Forces in a Plane (M2N3) = 2% (1A), or (M7N1) = 7% (24A)




Summary of Table 8 (pp. 58-80):

Whole Chapters of Pre-Calculus Statics Topics Appropriate for 9t Grade

» Chapter 1 (Introduction): Addition and subtraction of force vectors are to be taught as a
special mathematics topic;

» Chapter 2 (Statics of Particles): The Six Trigonometric Functions are to be taught as a
special mathematics topic; for Section 2.15 (Equilibrium of a Particle in Space), specific skills
in linear algebra could be taught as a special mathematics topic, if desired (however, using
linear algebra in section 2.15 is NOT a part of the selected textbook, but an extra-credit skill
taught by some college instructors).

» Chapter 3 (Rigid Bodies - Equivalent Systems of Forces): The Six Trigonometric
Functions, vector product (also called “cross product”), and scalar product (also called “dot
product”), are to be taught as special mathematics topics; in addition, for Section 3.5 (Vector
Products Expressed in Terms of Rectangular Components), Section 3.6 (Moment of a Force
about a Point), Section 3.8 (Rectangular Components of the Moment of a Force), Section
3.10 (Mixed Triple Product of Three Vectors) and Section 3.11 (Moment of a Force about a
Given AXxis), specific skills in linear algebra related to vector product and scalar product need
to be explored; furthermore, summation or 2. notation should be explained.

» Chapter 4 (Equilibrium of Rigid Bodies): Summation or 2. notation should be taught as a
special mathematics topic.

hapter 6 (Analysis of Structures): The Six Trigonometric Functions are to be taught as a
pecial mathematics topic.

Skipping Chapter 5 (Distributed Forces - Centroids and Centers of Gravity) will not
affect the smooth transition from Chapter 4 topics to Chapter 6 topics. Chapter 6
topics (Analysis of Structure) have been implemented as a standalone topic in
K-12 curriculum as a popular theme of science, such as in West Point Bridge
Design Contest (http://bridgecontest.usma.edu/).




Summary of Table 8 (pp. 58-80):

Whole Chapters of Pre-Calculus Statics Topics Appropriate for 9t Grade

e Chapter 1 (Introduction);

e Chapter 2 (Statics of Particles);

e Chapter 3 (Rigid Bodies - Equivalent Systems of Forces);
e Chapter 4 (Equilibrium of Rigid Bodies);

 Chapter 6 (Analysis of Structures).

Proposed strategy:
ictice: » At 9th Grade: Statics principles and

gthaat:f{grcsség;/heer gggvpeages out formulas covered in the 5 chapters

£ 600 pages. or 48% of the could be used to develop the statics
o QEglEE 1070 portion of a high school statics and
selected textbook’s volume dynamics course.
(Beer et al, 2004). > Close to .
half of the topics in a typical * Prior to 9th Grade: Some general
undergraduate statics course kno}’glidge aSSOC'atteC? .Wt'th these fopics

: could be incorporated into genera
fea:‘,nelb (thI%%gehé)at high school science study, as an introduction to
' engineering foundation.




Summary of Table 8 (pp. 58-80):

Whole Chapters of Calculus-Based Statics Topics

The following chapters involve substantial application of beginning calculus (integration
and differentiation), logarithmic and other functions (featured at 11t for Option % and
12t Grade for Options 1-4 in the Math Course Sequence) :

:->Chapter 5 (Distributed Forces: Centroids and Centers of Gravity): Sigma notation, and
integration;

Chapter 7 (Forces in Beams and Cables): Integration;
Chapter 8 (Friction): Integration, and logarithmic function;

ol Chapter 9 (Distributed Forces - Moments of Inertia): Integration, partial derivatives and
gradient; and

| Chapter 10 (Method of Virtual Work): Integration, derivatives, partial derivatives (1t and
2"d degrees).

From a conservative pedagogic —
\ perspective, topics of statics covered

Skipping Chapter 5 (Distributed Forces -

Centroids and Centers of Gravity) will not AL Chap(tjefrs 5789 andd10 should be
affect the smooth transition from Chapter 4 reserved tor post-secondary
Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) }((;sig—le/ On table 8, the pl’e-l’e(]UISIteS Of
[Pre-requisite Math Skills/Science Principles] (GPS Code)%GW to Start |ntegrat|0n and dlfferentla"ElOn are
— ‘ — the Topic marked with the notation “-> 12th
: 7 N (to be taught)” in red; and the
Amegraion] 8 12 (o be mught) R e G EI | code “PS” (post-secondary) is
erentiatio 2% (to be taught work] (SSP3 % (3C : “ "
[trigonometric functions] (MA2G2) > 10543F) [potential energy] (SP3) > 9% (3C) N ?ntere_d in the “Ch” sub-column of
3 Tobe taught s spetat et Gpic Possible Grade to Start the
= To be taught as]; special math topic TOplC” COI umn.
[coordinate system] (M4G3) = 4™ (2B)
[partial differentiation] = 12" (1o be taught)




Calculus Skills In

Undergraduate Engineering Foundation Courses

o Particular skills in (1) integrals (single and multiple); (2) derivatives
(including partial derivatives, second-degree partial derivatives, and
gradient); (3) analytic geometry (polar coordinates and rectangular
coordinates); (4) vectors (dot product and cross product); and (5) sigma

notation.

« NOT all skills taught in all required calculus courses which (1) are usually
the same as those required of students majored in mathematics; and (2) are
aimed at building a comprehensive calculus skill set.

Chapter 7 (Applications of the Definite Integral in
Geometry, Science and Engineering, pp. 442-509):
(7.1) Area Between Two Curves; (7. 2) Volumes by
Slicing Disks and Washers; (7. 3) Volumes by
Cylindrical Shells; (7.4) Length of a Plane Curve,;
(7.5) Area of a Surface of Revolution; (7.6) Average
Values of a Function and its Applications; (7.7)
Work; (7.8) Fluid Pressure and Force; and (7.9)
Hyperbolic Functions and Hanging Cables. These
topics, plus partial derivatives and multiple
mtegrals are the needed calculus skill set for
typical engineering students in undergraduate
lower-division courses, as well as in most of the
practical engineering deS|gn on a daily basis.
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Eighth Edition
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Possibility for “Highly-Talented” Students

The beginning calculus-based statics topics in Chapters 5, 7, 8, 9 and 10 could
still be infused into high school engineering curriculum and taught to
mathematically “highly talented” students enrolled in Option 5 as extra learning
materials, provided that relevant beginning calculus and logarithmic concepts
and computational skills are covered at the start of the topics.

, .Org

GATEWAY TO EDUCATION : PROFESSIONAL RESOURCES

One Stop Shop For Educators
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Georgia Department of Education
Secondary Mathematics

Guidance for Course Sequences under the Georgia Performance Standards

Georgia Performance Standards (GPS) Math Course Se ue;xfe \
Option 1 Option 2 Option 3 Option 4 / Option 5 \
Grade Advanced Accelerated \ Accelerated /
i
th th th 6" Grade
6 6™ Grade GPS 6" Grade GPS Advaiiced GPS 6" 7" and 8" 6 gh
7™ Grade grade GPS grade GPS
th th h
7 7" Grade GPS 7" Grade GPS P ——
i
h th ih 8" Grade Accelerated Math
8 8™ Grade GPS 8" Grade GPS Ao GPS Math 1 1
o Math 1 Accelerated Accelerated Math Math 2 Accelerated Math
Math 1 1 2
10™ Math 2 Accelerateh Accelerated Math Math 3 Accelerated Math
Math 2 2 3
AP Statistics™®;
th Accelerated Accelerated Math AP Calculus
11 Math 3 NS g Math 4 AB/BC.
Joint Enrollment
Math 4; AP Calculus AP Calculus AP Calculus AB; AP Statistics™;
AP Statistics*; AB/BC; AB/BC; AP Statistics™®; AP Calculus
12 Discrete Math AP Statistics*; AP Statistics*; Discrete Math; AB/BC;
Discrete Math; Discrete Math; Joint Enrollment | Joint Enrollment
Joint Enrollment | Joint Enrollment

* AP Statistics may be taken concurrently with an upper level math course at the system’s discretion.




Proposed Strategy for “Average” High School 9t" Grade

Students to Learn Calculus-Based Statics Topics

* Development of some short-term calculus training sessions: To allow average 9th
Grade students to master particular set of calculus computational skills relevant to
engineering topics (instead of waiting for them to complete two full calculus courses before
proceeding to the study of beginning-calculus based engineering topics).

« Application: For engineering subjects that have a rather smaller portion of pre-calculus
based topics, but a fairly large portion of early calculus based ones, such as dynamics.

» Potential advantages: Will allow students to explore the most important calculus-based
engineering analytic principles and computational skills starting at 9" Grade, while learning
the most basic skills in calculus (such as integration and differentiation) before they
“formally” enroll in an AP (Advanced Placement) Calculus course; could (1) make study of
calculus more “real-world” and attractive, and (2) smooth the transition from trigonometry-
based science instruction at K-12 level to calculus-based science and engineering
education at college level.

* In math courses: Strict
The Special Calculus Training Session Approach for Calculus-based Topics adherence to pre-requisite

sequence is very important.

Grade 9
(High School) Special * In engineering course:

Grades K-8 specifically selected
(Kindergarten to Pre-calculus & ??;T,:Irlg mathematics skills could be
 <a Middle School) Calculus- Session explored in order to carry out
| : 9 based formula-based computations;
For Dynamics,  Integrative STEM: Engineering thus, they could be treated
i M::zf‘a"‘“' Engineering Founc!ation independently and out of the
Topics Subject normal mathematics learning

sequence, without damaging the
(Full Course) integrity of the learning process.




Proposed Strategy for “Average” High School 9t" Grade

Students to Learn Calculus-Based Statics Topics

« Two-stage strategy: (1) Students at 9, 10t and 11t Grades could concentrate on
studying high school appropriate pre-calculus portion of engineering foundation topics. (2)
Using the integrative STEM approach within the framework of Project-Based Learning
(PBL), they could explore the most important ones among the early-calculus based
engineering analytic and predictive principles and computational skills at 12th
Grade, as part of the AP (Advanced Placement) Calculus course.

« Application: For those engineering subjects with smaller portion of calculus-based topics,
such as statics and strength of materials.

* Potential advantages: (1) making calculus instruction less boring and more attractive to
high school students; (2) fostering real-world problem analysis and problem-solving skills;
and (3) contributing to training more innovative engineering talent for the future by
attracting more high school students to engineering careers.

The Integrative STEM Approach for Calculus-based Topics

Grades 10-12
(High School)

Grade 9
Stadesih & (High School)
(Kindergarten to Niearatve
- g
4 Middle School) Pre-calculus STEM:
E . . .
T \ ) 9 Engineering >
S:r tat:csf' Boste e e Foundation Calculus-
Mtorials, Engineering Subject b.ased.
Engineering TOpiCS (FU" COUI’SG) Englneerlng

Topics
stc.



The Special Calculus Training Session Approach for Calculus-based Topics

Grade 9
(High School) Special

Grades K-8 Calculus
B (Kindergarten to Prg—clalc:JIus & Training
i&al Middle School alcuius- i
¢ . ) hased Session
For Dynamics,  [ntegrative STEM: Engineering
Fluid Meetzghanics, Engineering Foundation

Subject
(Full Course)

Topics

The Integrative STEM Approach for Calculus-based Topics

Grade 9 Grades 10-12
(High School) (High School)

Grades K-8
(Kindergarten to

- _ Integrative
s Middle School) Pre-calculus STEM:

For Stai Ve _ _ 9 Engineering >

o oRE Integrative STEM: Foundation Calculus-
Strength of ) ) .

Materials, Engineering Subject based
Engineering TOpiCS (FU” COUI’SG) En_?_lglslggng

Economics,
etc.



Selecting the Most Important Engineering Analytic and Predictive

Principles and Formulas for K-12 Engineering Curriculum

Planned five-point Likert Scale survey study: Based on data available from Table 8 (pp.
58-80), statics-related engineering analytic principles and computational skills covered in
the selected statics textbook (Beer et al, 2004) have been divided and tabulated into two
five-point Likert Scale Delphi survey forms: (1) Table 9 for pre-calculus portion; and (2)
Table 10 for calculus portion.

Explaination of

Likert Scale Grayout area Likert Scale
g fill-in area Comment area
Delphi - Likert Scale Questionnaire b the Importance of Various Statick Topics Selected for High School Engineeripez Cumriculum /
Table 10

{Sgore of Importance from Engineering Subject: Statics

Engincering Subject: Statics
ale ) Note: Delphi - Likert Scale Questionnaire on the Importance of Various Statics Topics Selected for High School Engineering Curriculum
1 - Totally Urimportart; 2 - Not So Importars; 3 -» Might Be Ifportant, 4 -3 Importnt; 5 -3 Very Tnp (For the Caleulus Portion)
Engineering Analytic Topics & Typical Formulas Likert Scale Comment

A I ) Likert Scale (Score of Importance) Note:

1 \2 ] 3 [ 4 |/§ 1 % Totally Unimportars; 2 3 Not So Importars; 3 < Might Be Important; 4 - Imperant; § < Very Imporan

Chapter 1: Introduction Engineering Analytic Topics & Typical Formulas Likert Scale Commant
1.1: What Is Mechanics? (Score of Importance from

o] o
1.2: Fund 1 Comcepts and Principles oo (o ’ Least to Most)
P o P 2 R

o
o

[+]
[+}

n..
1.3 5 o|lo|o|o o Chapter 5: Distributed Forces: Centroids and Centers of Gravity
1.4: Comversion fram One System of Units to Another olo|lolo|lo £ 1: Introduction o I 0|0 |0 (O
1.5: Methad of Problem Solution o|lo|lolo o Areas and Lines olo|o|o o
1.6: Numerical Accarary ol fol Follionio £.2: Center of Gravity of a Two-Dimensional Bady

TM,: 5 =x AW «x,Al - «x,aT
e: TF,: WaAl,+AW,+ AW, =7 .
= FTM,: JW o=y, A - AT = ey, AT

e AW =joal RL=[xdl FL=|yd

5.4: First Moments of Areas and Lines [s] | (=] (o] o] o]
%A=, = [xds ya=0,=|yds

5.5: Composite Plates and Wires o |0 (o] o] o]
X¥w=3sw FYW-FTIW 0, =F3A=3% 0, =FYd=-3F 54

560 ination of Centroids by : o|lo|o|o o

O, =%d=[%dd 0, =Fd=[Fdd

Likert Scale (Score of the Order of Importance) for Engineering Analysis Topics

Totally Unimportant Not So Important Might Be Important Important Very Important

1 2 3 4 5




Why Establishing the Order of Importance for
Various Statics Topics through

/\.
a Five-Point Likert Scale Survey? ML)

/‘\

o

» “Politics” of existing K-12 curriculum structure: K-12 curriculum is already
crowded with many mandated subijects, it is unrealistic to expect that all topics of
engineering analytic and predictive principles and computational skills that are
pedagogically appropriate for K-12 students could be included in any potentially
viable K-12 engineering curriculum.

 Treatment: We should collect expert opinions of the relative importance of
various topics, through a 5-point Likert survey study.

» Goals of the survey: This survey study could be used to (1) determine the
relative importance of various engineering analytic principles and computational
skills for inclusion into a potentially viable K-12 engineering curriculum; and (2)
eventually establish a set of national or state K-12 engineering performance
standards.

Likert Scale (Score of the Order of Importance) for Engineering Analysis Topics

Totally Unimportant Not So Important Might Be Important Important Very Important

1 2 3 4 5




The Survey Form & Analysis of Results

e Gray-out area: Some statics topics covered in sections of the selected textbook (Beer et al,
2004) are absolutely needed in any potentially viable high school appropriate statics course, in
order to maintain the integrity of instructional sequence or to provide students with needed
background information; and should be included anyway regardless of their perceived
importance based on expert opinion.

* Analysis of survey results: Statistic analysis will be made on collected survey forms to
compute the means of scores of importance for each topic. Comments will be analyzed and
used for additional rounds of Likert Scale Delphi survey. The final results will be tabulated into
a list of all topics of statics on the basis of their perceived importance; and such list will be
used as a reference for potential development of (1) high school appropriate statics
course, and (2) potential national and state performance standards for K-12 engineering

curriculum.

Explaination of

Grayout area

Likert
fill-in

Scale

Likert Scale
Table 9 area Comment area
Delphi - Likert Scale Questionnaire dp the Importance of Various Staticy Topics Selected for High School Engineeriffg Curriculum /

Engineering Subject: Statics

N\

Likert Scale (Score of Importance) Note:
1 > Totally Unimportart: 2 - Not So Important: 3 -> Might

Axnrmm 4 - ITmportant; 3 > Very Impn‘&‘n

/

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Sgore of Importance from

Least to Most)

/
/

Chapter 1: Introduction

ACNENEY

1.1: What Is Mechanics?

(o]

(0] (0]

1.2: Fundamental Concepts and Principles

a=L i T FGIT
m r

e}

*

C| o

0,

1.3: Systems of Units

version from One System of Units to Another

1.5: Method of Problem Solution

c|o|0|C

c|c|lo|C
c|o|lo|C
c|c|lo|C
c|o|0|C

1.6: Numerical Accuracy

» Basic question for the
survey:

* The question of the
importance of particular
statics topics, from the
different perspectives of
different groups of
practitioners in
engineering design and
education, based on
previously discussed five-
point Likert Scale.




Review & Validation of Survey Instruments

by Expert Faculty at UGA & NCETE
(Tables 8, 9, & 10)

To be submitted for review, validation, and approval:

» Table 8 (Engineering Topics Mathematics and Science Pre-requisite Completion Chart for
the Subject of Statics);

» Table 9 (Delphi - Likert Scale Questionnaire on the Importance of Various Statics Topics
Selected for High School Engineering Curriculum For The Pre-calculus Portion);

» Table 10 (Delphi - Likert Scale Questionnaire on the Importance of Various Statics Topics
Selected for High School Engineering Curriculum For The Calculus Portion).

Authorities to give review, validation, and approval:

» University of Georgia engineering professors, Dr. Robert Wicklein, Dr. John Mativo and Dr.
Sidney Thompson. (1) review and validation of the determination of the appropriateness of
various topics of statics to be included into a potentially viable K-12 engineering curriculum,
in terms of their respective fulfillment of mathematics and physics pre-requisites at various
grade levels, as mandated by Georgia Performance Standards; (2) eliminate any possible
technical errors or potential shortcomings due to lack of considerations for any particular
pedagogic and academic conditions in the current K-12 system.

 NCETE leader Dr. Kurt Becker at Utah State University as well as other appropriate
authorities for a final approval.



Potential Survey Participants

Group 1 (University Engineering and Technology Faculty): To be selected among
professors and Ph.D fellows in the universities participating in the National Center for
Engineering and Technology Education program (i.e., University of Georgia, Utah State
University, California State University Los Angeles, University of Minnesota, University
of Illinois Urbana-Champaign, Brigham Young University, lllinois State University, North
Carolina A&T University, and University of Wisconsin Stout.), as well as from important
institutions of engineering education, such as Georgia Institute of Technology,
Massachusetts Institute of Technology, California Institute of Technology, Virginia
Institute of Technology, and members of engineering education related professional
organizations, such as American Society for Engineering Education;

Group 2 (University K-12 Engineering and Technology Education Faculty): To be
selected among professors and Ph.D fellows in the universities participating in the
above-listed National Center for Engineering and Technology Education program;

Group 3 (University Undergraduate Senior-Year Engineering Students): To be
selected randomly among senior-year undergraduate engineering students at the
College of Agricultural and Environmental Sciences, the University of Georgia, from the
Mechanism, Civil, Electrical and other majors, at least 2 students per major, for a total
of up to 10 student participants;

Group 4 (K-12 technology and STEM Teachers and Administrators): To be
selected among K-12 schools in Georgia, as well as California, Utah and other states if
possible;

Group 5 (Practicing Engineers and Technicians): To be selected among members
of relevant professional associations, such as American Society of Mechanical
Engineers, American Society of Civil Engineers and others.



Developing Appropriate Pedagogic Strategy for

K-12 Engineering Curriculum

Differences between High School and College Students and Pedagogic Strategy for K-

12 Engineering Curriculum: Compared to college students, high school students usually
have lower degree of cognitive maturity and less ability to understand complicated and
abstract scientific concepts.

Possible strategy for developing the analytic and predictive abilities of high school

students enrolled in engineering pathways:

Using plain English to explain abstract engineering principles with everyday analogy and
concrete examples;

Using videos, prototypes, and other physical and visual artifacts to demonstrate how
engineering analytic principles work;
Showing the interconnection among various types of engineering analytic principles, and

comparing the similarities and differences among them (with concept maps, formulas
sheets, etc.);

Integrating three learning methods: (1) analytic (“pencil & paper;” (2) experimental (lab);
and (3) simulation (software).

Providing well-organized instructional materials appropriate to their age.

Proj ect- B as ed |_ earn | Nn g (P B L) Mechatronics: Learner-reported Gains in Core Skills and Competencies
Previous experience by Sirinterlikci and
Mativo (2005) indicated that secondary |
school students could handle engineering Docon
design activities in an inter-disciplinary Beconics A
setting, using a Project-Based Learning |0 Blors e
model. Sirinterlikci and Mativo’s
pedagogic experiment indicated that echansm
learning engineering design help high Microcontrlers
school students to increase interests in ¥ A @ #F W BF 4
STEM and academic success. 4= VoryKnawledgao a1« o Knowldgable




Important Considerations to be Taken

Inspiration: “A unified curriculum framework for technology

education” (Rojewski & Wicklein, 1999).

To foster K-12 students’ real ability in innovative
engineering design based on solid mastery of
necessary analytic tools that will allow them to
use generic engineering design approach to
create real-world quality products and systems,

To make K-12 students

instruments of computations
using engineering related
formulas.  ~

which are appropriate to their age. /

Focus on problem-solving

To foster the real ability of solving
real-world problems, which involve
related engineering analytic principles
and of course, computational
formulas, from various subjects, in a

“system thinking” model. /

Although this is a

J necessary task

To encourage rote
memorization of engineering
analytic principles and
computational formulas, or
their applications in solving a
few simple homework
problems in the “analytic
reduction” model.




Important Considerations to be Taken

Understanding the nature of engineering

Engineering is essentially applied science -
Train high school students into potentially creative

To turn high school students

into well-programmed
testing robots

Project-Based
Learning: a good model
for systematically
deliver well-organized
and cohesively-related
sets of engineering
analytic principles and
skills to high school
students.

2

designers of innovative products and systenV

\

/

-

Understand
the essentials
of engineering
design process

~
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Appropriate
Design Ability
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IC anaiytic to learn on their own,
predictive pr!nC|pIes and to locate knowledge
2N and skills _/ \____ and information

)




Vision for Engineering-Oriented

Professional Development

The Vision statement: “Future K-12 engineering and technology teacher
education programs should be based on hard core engineering design
incorporating (1) general technological literacy; (2) full sets of specific
engineering analysis and prediction skills from well-connected courses;
and (3) generic engineering design process, which are based on up to
beginning calculus level mathematics and science foundations (physics
and chemistry), and which could enable future K-12 engineering and
technology educators to optimize high school students’ engineering
analytic skills and design ability; and is realistic and pragmatic in terms of
matching K-12 students cognitive maturity levels incrementally, with
strictly-defined differentiation of engineering design stages, plus flexible
incorporation of all positive contributions from existing programs such as
Project Lead The Way.”

Philosophical foundation of the vision: This vision reflects the American
tradition of “Continuity + Change,” based on the philosophies of
utilitarianism, pragmatism and positivism, with deep respect for the
time-proven engineering curricular development and pedagogic traditions.



Vision for Engineering-Oriented
Professional Development

1%t Year Electrical & Electronics Option (127-133 Hrs)
Notes
Spring ENGL 1101 i Math 3000 - Introduction Math 5*# - Beginning Physics 1111-11111L - Introductory Physics
Composition to Linear Algebra (3) Calculus (4) (Mechanics, Waves, Thermodynamics) (4) Needed for practical
@ engineering design
Summer SPCM 1100 - Iﬂtr‘DdLlFﬂOﬂ ] nerican Basic Physical
to Public Speaking (3) ( Education (1) T T ——
Chemistry 1211-1211L Bhysi engineering design.
Fall ENGL 1102 ish emistry - 7 e : ENGR 1920 - Introdudtion Special course
Composition II (3) Freshman Chemistry Tand s i to Engineering (2) @ 155
Lab (4) Physics) (4) (integrals &
7 differentials)
2™ Year
Needed for
Spring ENGR 2110 - Engineering ARGD 3010 - Design Drawing )A - Principles of Technology T: ETES 5020A - @ engineering design
Decision Making (3) Techniques (Perspective Drawing) (3) and Dynamics (4) Technical Design sketches

Graphics: 2D
Drafting (3)

Including Electronics

Summer PSYC 1101 - Elementary Psychology (3) ECON 2106 - Principles of EDUC 2120 - Explafing Socio-Cultural
Microeconomics (3) Perspectives onyDiversity (4)

Workbench or
P-Spice
Fall ETES 5070 - Research and Pr'\ncip\es of Tech. I1: Area B - Institutional
for Teachers (3) Experimentation in Tech. Studies (3) Material Siwength/Selection (4) Options (4-5) Legend

rd
3™ Year General Core

Math & Science

3D Solid Modeling/Design (3)

. ETES 5020B - Tech Design Graphics: ETES 5090H - Electronics Ctcuitry ETES 5060 - Energy Systems (3 [ENES ST =
Spring * & Component Selection (3) i %) Communication
Systems (3)

Engineering
Summer ETES 5010&5100 - Appropriate Engr. & Foundation

Technology in Society (4)

ETES 2320 - Creative Activities 1 =¥-2130 - Exploring Learning and
Engr. & Tech Feachers (3)

ETES 5090E - Mechanism ETES 50901 - Advanced ETES 5090] - Digital Electronics (3)
Design & Selection (3) AC and DC Circuits (3)

ETES 5090F - Robotics and
Fall Automatic Systems (3)

Technology

th
4™ Year Engineering

Spedialty
ETES 5110A/7110A - )CS 5550 Students w/ Special Needs in EOCS 2450 — Practicum in K-12

ETES 5040 - Construdion
Engineering Design T (3) Occupational Studies (3) Engineering and Technology I(1) Systems (3)
structional Strategies in K-12 EQCS 4350 - Qurriculum Planning j Engineering Design
Summer bchnology Studies (3) Engineering and Technology S8 e

ETES 5110B/7110B - Engineering Design II (3) EQCS 3450 — Practicum in K-12 ETES 5140/7140 - Laboratory Planning, Teaching Practicum
Fall Engineering and Technology II (2) Management, and Safety (3)

Spring Optional

Content of the vision:

1. Substantial inclusion of up
to beginning calculus level
of engineering analytic
principles and skills
grouped into engineering
foundation course;

2. Well-organized and
cohesively-related “Option”
courses which correspond
to major courses in any
typical undergraduate
engineering program;

. Two multidisciplinary
“capstone” senior design
courses similar to typical
“senior year design” course
under typical
undergraduate engineering
programs;

. Engineering specific K-12
pedagogic training courses;
and (5) full set of college-
level mathematics and
science courses, including
beginning calculus, linear
algebra, physics (all topics
from mechanical forces to
optics, based on
trigonometry, but could be
changed to beginning
calculus-based depending
on curricular administrative
arrangement or academic
“politics”), and chemistry.



The Advantages of the Vision

« Amphibious talents for both schools and industry: Training a new generation of K-12
engineering educators who can also play the role of practical engineers for industry, through
an applied engineering program (or a “light version” of traditional engineering program).
Designed for training amphibious STEM talent with the abilities to (1) practice real-world
engineering design and (2) teach engineering design to K-12 students.

System approach and long-term strategy: Offers comprehensive and systematic, logically
structured and cohesively coordinated professional development, in both areas of
engineering and technology, within the framework of four-year Bachelor of Science
programs, instead of sporadic short-term training sessions focused on technology alone
under the currently dominant model of professional development. A long-term vision aiming
at strategic solution of America’s chronic shortage in engineering graduates, not a short-term
cosmetic change to the status quo.

A practical balance between “process-oriented engineering skills” and “core
engineering concepts”: Well-organized courses allows future high school engineering and
technology teachers to possess sufficient subject-specific knowledge (“core engineering
concepts”); a series of “capstone” courses and engineering-specific pedagogic courses
provide “process-oriented engineering skills.” Both form a dialectic and symbiotic relationship.




Professional Development for

Future K-12 Engineering and Technology Teachers

Different stages of K-12 curriculum needs different types of professional
development:

» Kindergarten and elementary school (Grades K-5): (1) Exposure to a wide
variety of science, engineering and technology projects through a variety of
pedagogic methods such as educational entertainment (watching video, hands-on
activities, LEGO and K'NEX projects, etc.); (2) basic mathematics skills (four
operations, measurements, and others); and (3) creative and conceptual design of
“science fiction” types. - Teachers’ professional development: Current
kindergarten to elementary level teachers previously trained under traditional
teacher education programs would be able to handle both academic knowledge
content and design process at this stage, as long as appropriate instructional
materials are provided, and well-designed training sessions are offered. -2
Creative Activities for Engineering and Technology Teachers (3 credit hours, for
the 3 year) under the proposed B.S. in K-12 Engineering and Technology
Teacher Education program. - This part of the professional development and
instructional content delivery could be implemented immediately, without
substantial modification of the current programs.



Professional Development for

Future K-12 Engineering and Technology Teachers (Cont.)

 Middle School (Grades 6-8): (1) Engineering and technology experiments; (2)
“trial-and-error” based technology design process; (3) traditional and modern
technology as applications of engineering (CAD, CAM, wood, plastic and metal
working processes. = Teachers’ professional development: Current middle
and high school teachers previously trained in mathematics, science (physics and
chemistry), and technology education (under the existing programs) should be
able to handle both academic knowledge content and design process at this stage,
as long as appropriate instructional materials are provided, and well-designed
training sessions are offered. - Technology courses in the B.S. in K-12
Engineering and Technology Teacher Education program developed under my
previously presented Proposed Model. - This part of the professional
development and instructional content delivery could be implemented
immediately, without substantial modification of the current programs.



Professional Development for

Future K-12 Engineering and Technology Teachers (Cont.)

* High school (Grades 9-11): (1) Hard-core pre-calculus level engineering analytic
principles and skills; (2) simple engineering design projects using these analytic
principles and skills with the “Analytic Reduction” model of engineering design
process and engineering-related technology skills (CAD and CAM). - Teachers’
professional development: Existing K-12 technology teacher education
programs so far has not adequately prepare high school technology teachers to
handle either academic knowledge content or design process to be implemented
at this stage; no short-term training session would adequately address this
problem. - The implementation of the B.S. in K-12 Engineering and
Technology Teacher Education program developed under my previously
proposed model (Appendix Al) would adequately address this issue.



Professional Development for

Future K-12 Engineering and Technology Teachers (Cont.)

 High School Graduation Year (Grade 12). Moderately complex engineering design
project using “System Thinking” model of engineering design. - Teachers’ professional
development: The two “Capstone” Engineering Design courses of the B.S. in K-12
Engineering and Technology TeacherEd{cation program developed under my previously
proposed model would adequatety address this issue.

4" Year Engineering
Specialty

Sori ETES 5110A/7110A - EOCS 5550 Student fiecial Needs in EOCS 2450 — Practicum in K-12 ETES 5040 - Construdion
pring Engineering Design I (3) Proar. of Ocaupationsl Sfudies (3) Engineering and Technology I(1) Systems (3) Optional

EQCS 2450 — Instructional Strategies in K-12 OCS 4350 - Qurriculum Planning jp Engineering Design
Summer Engineering and Tachnology Studies (3) ‘ ineeri d Capstone
ETES 5110B/7110B - Engineering Design II (3) EOCS 3450 — Practicum in K-12 ETES 5140/7140 - Laboratory Planning, Teaching Practicum
Fall Engineering and Technology IT (2) Management, and Safety (3)




Curricular Development

* Relying on the strength of current K-12 technology curriculum developers: Many
engineering analytic principles and computational skills have been incorporated into existing K-
12 engineering and technology curriculums, by non-profit K-12 curriculum developers such as
Project Lead The Way, Engineering by Design and many others. Some of these programs
are very reasonably priced: According to the organization’s presentation during ITEA 2009
Conference held on March 26-28 in Louisville, Kentucky, Engineering by Design (developed by
ITEA, http://www.iteaconnect.org/EbD/ebd.htm) charges each participating State in the U.S.
only $22,000 per years regardless of the number of participating high schools, for using its
instructional materials (the consumables, i.e., laboratory materials, are to be purchased
separately from other vendors; and some of them are available in dollar stores).

* Providing guidelines is the only role for public institution to play: The major shortcoming
of these programs is that they are more-or-less based on “trial-and-error” technology design
process, rather than on solid engineering analytic principles and formula-based predictive
computations. Nevertheless, once a Recommended List of High School Appropriate
Engineering Topics is completed as an extension to this Research Paper, the List could be
made available to existing K-12 Engineering and technology curriculum developers as
reference for the development of a more comprehensive set of high school engineering
lessons based on solid engineering analytic predictive skills. Therefore, there is no need to
create a new curricular development structure.

Grass-Root Initiative is the American Way!

Relying on the Strength of the People in the Field!



Curricular Development (Cont.)

* International exchange
and cooperation: For
some subjects such as
statics, other English-
speaking nations such as
Australia have achieved
great success, with well
developed curriculum
structure, instructional
materials, and evaluation
instruments. In such case,
there should be no need
to re-invent the wheel but
to improve upon existing
invention; and using other
countries’ achievement as
a starting point should be
considered as a cost-
effective option.

Exercises:
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Administrative & Financial Impacts

* “Change + Continuity:” In terms of professional development, current
generation of teachers educated under the existing K-12 technology education
programs should continue teaching K-8 technology courses with some short-
term professional training sessions. For the future, the Bachelor of Science in
K-12 Engineering and Technology Teacher Education program, developed
under my previously presented Proposed Model (Appendix 1) could be
considered as an initial framework for preparing next generation of K-12
Engineering and Technology Curriculum teachers to teach all future K-12
engineering and technology courses.

e Budgetary impact: Changes to be implemented are limited to the curricular
structure of the current K-12 technology programs, which have been to a large
degree implemented in Utah State University’'s B.S. degree in Engineering and
Technology Education (T&E in STEM) for Fall 2009; therefore, in terms of
long-term budgetary matter, there would be no need to substantially increase
K-12 technology teacher training budget beyond the current level.
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Recommendations for Further Research

High school appropriate topics on engineering analytic principles and computational skills
for additional subjects will be identified, using the same methods and criteria as in this

portance for various engineering analytlc prlnC|pIes will be conducted, upon

approval of TE leadership;

3. A“List of K-12 Appraopriate Engineering Analytic Principles and Computational
Skills” will be established, upon statistical analysis of feedbacks from the above-mentioned
five-point Likert Scale Delphi survey study;

4. National or state performance standards for K-12 engineering education could be
eventually developed to incorporate1) specific analytic principles and computational skills
for various subjects, and (2) generic engineering design process. This could be a
teamwork by many stakeholders;

5. Additional high school appropriate engineering.curriculum and instructional materials
could be developed by various existing developers, tsing as reference or guidelines, the
“official list” to be created in 3"™tem, and the national tate performance standards to be
developed in the 4t item.

6. Well-designed pedagogic experiments could be conducted forthe development of

functional models of K-12 engineering\pidflgogy.
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The Ultimate Goal
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