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8130.368. AC/DC Electronics (One to—Fwe Credits).

TEKS with edits Committee Comments

€)) General requirements. This course is recommended for students in Grades 10-12. Recommended

prerequisite: Concepts-ofEngineering-and-TFechnology Principles of Applied Engineering.
(b) Introduction.
aQ CTE instruction provides content aligned with challenging academic standards and relevaniéehnical

knowledge and skills for students to further their education and succeed in current or emérging

professions.
(2) The Science, Technology, Engineering, and Mathematics (STEM) Career Cluster fogitSes on plagning,

managing and providing scientific research and professional and technical serviées’(e.q., physical
science, social science, engineering) including laboratory and testing servicesyand research and
development services.

B)3) Intreduction: Students enrolled in this course will demonstrate knowledge and applications of circuits, | |nclude the last sentence for each intro
electronic measurement, and electronic implementation. Through use of the design‘process, students class.

will transfer academic skills to component designs in a project-based environment. Students will use a
variety of computer hardware and software applications to complete assignments and projects.
Additionally, students explore career opportunities, employer expectations, and educational needs in
the electronics industry.

4 Students are encouraged to participate in extended learning experiences such asseareer and technical
student organizations and other leadership or extracurricular organizations.

(5) Statements that contain the word "including” refeféhee content tR@lMust be mastered, while those
containing the phrase "such as" are intended.ds possible’illustrative examples.
(©) Knowledge and skills.
(1) The student demonstrates professionalistandards/emgloyabibity skillS@€ required by business and
industry. The student is expected to:
(A) demonstrate knowledge of how to dresS@ppropriately, speak politely, and conduct ones’ self in a
manner appropriate for the'profession:
(B) show the ability to co@perate, contribute, and collaborate as a member of a group in an effort to
achieve a positived€ollective outcome;
©€) present written and‘@rahcommunicationfinia clear, concise, and effective manner, including
explaining and justifyingactions;
(D) demonstrate time managementskillsfinprioritizing tasks, following schedules, and performing
goal-relevant activities in a way that'produces efficient results; and
(E) demonstrate punctuality, dependability, reliability, and responsibility in performing assigned tasks

as directed.

&8H(2) The student demonstrates the skills necessary for success in a technical career the werkplace. The
student is expected to:

(A) identify training, education, employment and career opportunities, including differences between Clarifying the education and careers in
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an engineering—electronic technician, engineering electronic technologist, and electrical engineer; electronic
(B) investigate and work toward industry certifications;
(] Teamwork skill, move to (2)
&) Discussed in later TEKS
(=) Safety skill, move to (4)
(<) discuss ethical issues related to electronics;
) (D) identify and demonstrate respect for diversity in the workplace;
H(E) identify and demonstrate appropriate actions and identify consequences relating to discrimination, »| clarification

harassment, and equality;
V) Clarifying the types of acceptable formats
EXE) explore career preparation learning experiences, including-but-ret-Hmited4g; job shadowing,

mentoring, and apprenticeship training-; and
©) discuss ABET accreditation and implications.

Q) The student participates in team projects in various roles. The student is‘expected to:

(A) explain the importance of teamwork in thedfield ofelectronics; From (1)
€A(B) apply principles of effective teamwork@nd problem solving including collaboration and conflict
resolution; and
B Seo-srebiomsnsnorbeoonrs
(€) B-demonstrate proper attitudes.as a team leader and team member;-and.

demonstrate-proper-attitudes-as-a-team-member,

)4 The student developsskills for managing a project. The student is expected to:

(A) use time-management techniques to develop and maintain work schedules and meet deadlines;
(B) complete work according to.established criteria;

(©) participate in the organization and«peration of a real or simulated engineering project; and
(D) develop a plan for production of an individual product.

() The student practices safe and proper work habits. The student is expected to:

(A)

master relevant safety tests;

(B)

follow safety guidelines as described in various manuals, instructions, and regulations;
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©) identify governmental and organizational requlations for health and safety in the workplace related Moved_from 2E and clarifying types of
to electronics; regulations
(D) identify and classify hazardous materials and-arastes according to Occupational Safety and Health
Administration regulations and industry standards;
BHE) dispose of hazardous materials ane-wastes appropriately;
BXE) perform maintenance on selected tools, equipment, and machines;
(FXG) handle and store tools and materials correctly; and
€G)(H) describe the results of regligent-er improper maintenance of material, tools,and equipment.
(6) The student develops an understanding of basic direct current (DC) electricigg principles. The studentis |yAdded specific technical knowledge and
expected to: skill requirements for DC
(A) describe DC and give examples of its application and generation;
(B) demonstrate an understanding of atomic theory and the relationship between atomic number, and a
material’s conductivity and insulation characteristics;
©€) identify and apply the proper use of electronic schemati€s andsymibels, including but not limited to
switches, voltage, current, ground, resistors, fuses, circuitireakers, volt meters, and’amp meters;
(D) define and describe switches, voltage source, current source, @roufd; resistorsefuses, circuit
breakers, volt meters, amp meters, voltageg€urrenty.and resistance’
(E) identify the resistance value from the s€ésistor colorcode;
(F) express Ohm’s Law in three formsfwith appropridte sysabols andunits;
((©) express the Power Law in three formSWwith appropriate symbels and units;
(H) describe series, parallel, an@ comibination GIrGuits;
0] apply Ohm’s Law tog€alculate current, Woltage'drops, and resistance for each component in a multi-
component seriesgparallel, and combination circUit;
) apply the Power Law toxcalculate current, voltage drops, resistance, and power for each component
in a multi-component Series, parallel, amd Combination circuit; and
(K) express current and resistance walugs in both scientific notation and engineering notation.
[€4)] The student develops an understanding’of basic alternating current (AC) electricity principles. The Added specific technical knowledge and
student is expected to: skill requirements for AC
(A) describe AC and give examples of its application and generation;
(B) calculate peak, peak to peak, average, and root mean square (RMS) voltage;
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explain the relationship between mechanical load and current in a generator;

identify the purpose and application of a transformer;

identify voltage and current values relative to a turns ratio in a transformer;

describe and calculate capacitance and capacitive reactance; and

describe and calculate inductance and inductive reactance.

8) The student implements the concepts and skills that form the technical knowledge of electronics using
project-based assessments. The student is expected to:

(A) apply Ohm's law,-Kirehoff’s-Kirchhoff's laws, and power laws to actual or sifmulated circuits; Sp, added specificity to insure lab projects
uild series, parallel, and combination circuits; o skills

(B) build llel, and combinat t Add to skill

B3(C) demonstrate an understanding of magnetism and induction as they felate to electronic circuits;

<)

(D) perform electrical-electronic troubleshooting assignments;

& Develop knowledge of voltage regulation devices. Moved to advanced electronics

(E) identify actual electronic components including resistors, Gapacitorsgswitchesafuses, power Add specific knowledge requirement
sources, and inductors;

(F) explain how torgue is produced in a motoifand

(G) explain where counter electromotive f@fee (CEMHF)€omes frormiih a motor. *Ron/ Charles

8)9) The student applies the concepts and skills to simulated and.actual work situations. The student is

expected to:

(A) measure and calculate resistance, current, voltage, and power in series, parallel, and complex
circuits;

(B) apply electronic electrical theory to generators, electric motors, and transformers; and These are not examples of electronic
devices

(©) design analog and-eigHal circuits using common components.;-and No digital knowledge and skill is
developed in this TEKS, digital is a
separate class

&) Moved to advanced electronics

S2; Remove, basic electronics does not involve
the design process
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Keep, move to (8), work skills

Keep, move to (8), work skills

Keep, move to (9), project based skill

I T EoE

8} (10) | The student learns the function and application of the tools, equipment, and materials used in
electronics through project-based assignments. The student is expected to:

(A) safely use tools and laboratory equipment to construct and repair circuits;

(B) use precision measuring instruments to analyze circuits and prototypes;

©) understand the difference between current and voltage measurement; Add specific knowledge requirement
relating to a multimeter

(D) use a multimeter to perform resistance, voltage, and curfeptmeasurements; Add a specific skill requirement related to
a multimeter

)}E) describe and perform measurements including period and amplitudeusing an oscilloscopes; and Added specific use requirements. People
don’t use oscilloscopes, they use an
oscilloscope

B)E) use multiple software applications to simulate circuit behavior'and present concepts; and

(©) use a project notebook to record nagastired valuesilab observations’and results, circuit operational | Add specific project notebook

requirements, and circuit design andumedifications: requirements
{9)(11) | The student designs preducts a circuit using-appropriate design processes and techniques. The student Change to apply design to this class
is expected to:

(A) interpret industry standard circuit schematics;

(B) identify areas where quality, reliability, and safety can be designed into a preduet circuit; Change to apply design to this class

(©) improve a preduct cireuit.design to meet a specified need; Change to apply design to this class

(D) preduee sketch schematics te-industryfstandards-; and

B use-a-variety-of technologiesto-design-components—and No component level design in this class

(S)E) explore new technologies that may affect electronics.

£0)(12) | The student builds a prototype circuit using the appropriate tools, materials, and techniques. The

student is expected to:
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(A) identify and describe the steps needed to produce a prototype;

(B) identify and use appropriate tools, equipment, machines, and materials to produce the prototype;
and

(©) present the prototype a final project using a variety of media.
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8130.369. Solid State Advanced Electronics (One Credit). (Fwe-to-Three Credits):

TEKS with edits Committee Comments
(a) General requirements. This course is recommended for students in Grades 11-12. Prerequisite: AC/DC
Electronics.
(b) Introduction.
1) CTE instruction provides content aligned with challenging academic standards and relevaat téehnical
knowledge and skills for s students to further their education and succeed in current or gmerging
professions.

) The Science, Technology, Engineering, and Mathematics (STEM) Career Clustef focuses on planning,
managing and providing scientific research and professional and technical segviees (e.q., physical science;
social science, engineering) including laboratory and testing services, andd4esearch and dévelopment
Services.

)3) | students enrolled in this course will demonstrate knowledge and applications of advanced circuits,
electrical measurement, and electrical implementation used in the electronics and computer industries.
Fhrough-use-of the-design-proeess, Students will transfer advancedacademic skills'to apply engineering
principles and technical skills to troubleshoot, repair, and modify. electronie.components, equipment, and
power electronic systems in a project-based environment. Additionally, students explore career
opportunities, employer expectations, and educational needs in the electronics industry.

4) Students are encouraged to participate in extende@learning experi@NCes such as career and technical
student organizations and other leadership org€Xtracurricular organizations.
(5) Statements that contain the word "including®reference gontent that must be mastered, while those
containing the phrase "such as" are intedded as possiblé iflustrative examples.
(©) Knowledge and skills.
Q) The student demonstrates professieaal.standardsfémployability skills as required by business and
industry. The student is expegfed*to®
(A) demonstrate knowledg€ef how to dréss@appropriatély, speak politely, and conduct ones’ self in a
manner appropriatedforthe profession;
(B) show the ability to cC@operate, contribute, @nd collaborate as a member of a group in an effort to
achieve a positive collatiie outcome;
©) present written and oral communicationdn a clear, concise, and effective manner, including
explaining and justifying actions;
(D) demonstrate time management SKIlISIN prioritizing tasks, following schedules, and performing goal-
relevant activities in a way that produces efficient results; and
(E) demonstrate punctuality, dependability, reliability, and responsibility in performing assigned tasks as
directed.
&}2) | The student demonstrates the skills necessary for success in a technical career the werkplace. The student

is expected to:
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identify training, education, employment and career opportunities, including differences between an
engineering—electronic technician, engineering electronic technologist, and electrical engineer;

Made specific to electronics

(B) identify employment and career opportunities;
B3(C) investigate-and-prepare-for identify industry certifications;
el demonstrate the principles of teamwork related to-enaineeri Covered in TEKS 3
&) Covered in new TEKS 1
Covered in TEKS 5
(D) discuss ethical issues related to electronics engineering-and-technology and.incorporate proper ethics
in submitted projects;
(S)(E) identify and demonstrate respect for diversity in the workplace;
H)(F) identify demenstrate appropriate actions and identify consequences relating,todiscrimination,
harassment, and equality;
©) explore electronics career and preparation programs;
o demonstrate e
GXH) explore career preparation learning experiences, inecluding, but net limited to, job shadowing,
mentoring, and apprenticeship training-; and
0] discuss ABET accreditation and impli€atfons.
23) | The student participates in team projects in various roles. The student;is expected to:
(A) explain the importance of teamwork in thefield of electronics;
A(B) Understand-and-diseuss Hew-teamfgnetions applprinciples of effective teamwork and problem
solving including butdotTimited to collaboration@ne. conflict resolution; and
B8 use-teamwork-to-solvesproblems:
(©) serve-as-a-tearm-leader-demonstrate proper attitudes as a team leader and team member.;-and
€-4) | The student develops skills for managing a project. The student is expected to:
(A) use time-management techniques to develop and maintain work schedules to meet specific project
objectives;
(B) complete work according to established criteria;
(©) participate in the organization and operation of a real or simulated engineering project; and
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develop a plan for production of an individual product.

“4(5) | The student demonstrates principles of project documentation and work flow. The student is expected to:
(A) complete work orders and related documentation;
(B) identify factors affecting cost and strategies to minimize costs;
(©) prepare a project budget;
(D) prepare a production schedule;
(E) identify intellectual property and other legal restrictions; and
(F) read and interpret technical drawings, manuals, and bulletins.
€)€) | The student practices safe and proper work habits. The student is expectedto:
(A) master relevant safety tests;
(B) follow safety guidelines as described in various manuals, instructions, and regulations;
© identify governmental and organizational regulations fordigalthwand safety in theWierkplace related to
electronics;
(D)
regulations and industry standards;
BHE) dispose of hazardous materials and wastes appropriately;
(EXF) perform maintenance on selected tools, equipment, and-machines;
(FXG) handle and store tools and materials correctly; and
€G)(H) describe the results of negligent or impropermaintenance of material, tools, and equipment.
€6-(7) | The student implements the concepts and skills that form.advanced knowledge of electronics using
project-based rubrics. The student is expected to:
(A) apply Ohm's law, Kirchhoff's laws, and power laws to advanced circuit theory;
(B) demonstrate advanced knowledge of the theory of direct current, alternating current, digital circuits, | Through
and semi-conductor circuits steheas through Thevenin and Norton's theorems;
&) (C) apply knowledge of voltage regulation devices;
& (D) apply knowledge of the design and use of diodes, transistors, and analog components with integrated

circuits;
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#(E)

implement knowledge of solid-state components and devices such as a power supply design;

) (F) demonstrate knowledge of the similarities and differences in optoelectronic devices;

a(©) implement knowledge of transmission theory;

& (H) implement knowledge of microprocessor applications;

&) apply electronic theory to generators, electric motors, power supplies, electronic amplifiers,

electronic oscillators, communication circuits, and systems; and

&9 (J) complete advanced electrical-electronic troubleshooting assignments to industry standards.
N2,
A
B)
©)
B}
&
)
&
=
(8) The student learns the function and application of the tools, equipment, and materials used in electronics

through specific project-based assessments. The student is expected to:
(A) safely use tools and laboratory equipment to construct and repair circuits;
(B) use precision measuring instruments to analyze circuits and prototypes;
(©) describe and perform measurement technigues with analog, digital, ard or storage oscilloscopes;
(D) use multiple software applications to simulate circuit behavior and present concepts; and
(E) identify and describe the functions.of computer hardware devices.
(9) The student designs products using appropriate design processes and techniques. The student is expected
to:

(A) interpret advanced industry standard schematics;
(B) identify areas where quality, reliability, and safety can be designed into a product;
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(©)

improve a product design to meet a specified need;

(D) produce advanced schematics to industry standards;

(E) discuss the process of obtaining a patent;

(F) use a variety of technologies to design components such as computer simulation software; and

(G) explore innovative technologies that may affect electronics.

(10) The student builds a simulated or physical prototype using the appropriate tools, materials, and
techniques. The student is expected to:

(A) identify and describe the steps needed to produce a prototype;

(B) identify and use appropriate tools, equipment, machines, and materials t0 produce the prototype; and

(©) present the prototype using a variety of media to a panel.
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8130.376. Digital Electronics (One Credit).

TEKS with edits

Committee Comments

General requirements. This course is recommended for students in Grades 10-12. Required prerequisites:
Algebra | and Geometry. This course satisfies a high school mathematics graduation requirement.

Advanced course denoted by SBOE

Introduction.

CTE instruction provides content aligned with challenging academic standards and relevant{technical
knowledge and skills for students to further their education and succeed in current or emérgingiprofessions.

Added across CTE classes

The Science, Technology, Engineering, and Mathematics (STEM) Career Cluster foCuses on planning,
managing and providing scientific research and professional and technical servigés (e.q., physical SGience,
social science, engineering) including laboratory and testing services, and resgarch and development
Services.

Added across STEM classes

&)

Digital Electronics is the study of electronic circuits that are used to process.and control digital signals. In
contrast to analog electronics, where information is represented by a continuouslyvarying voltage, digital
signals are represented by two discreet voltages or logic levels. This distinction allows for greater signal
speed and storage capabilities and has revolutionized the worldof electronics. Digital.electronics is the
foundation of modern electronic devices such as cellular phones, MP3 players, laptop computers, digital
cameras, and high-definition televisions. The primary focus of Digital Electronics is to expose students to
the design process of combinational and sequential logic design, teamwork, communication methods,
engineering standards, and technical documentation:

&) (4)

The process standards describe ways in which students are expected to engage in the content. The placement
of the process standards at the beginning of the knowledge and skills listed for each grade and course is
intentional. The process standards weave the other knowledge and skills together so that students may be
successful problem solvers and use mathematics efficiently and effectively in daily life. The process
standards are integrated at every grade level'andcourse. When possible, students will apply mathematics to
problems arising in everyday life, Society, and the workplace. Students will use a problem-solving model
that incorporates analyzing.given information, formulating a plan or strategy, determining a solution,
justifying the solution, and evaluating the problem-selving process and the reasonableness of the solution.
Students will select appropriate tools such as real objects, manipulatives, paper and pencil, and technology
and techniques such as mental math, estimation, and number sense to solve problems. Students will
effectively communicate mathematical ideas, reasoning, and their implications using multiple
representations such as symbols, diagrams; graphs, and language. Students will use mathematical
relationships to generate solutions and.make connections and predictions. Students will analyze
mathematical relationships to connect and communicate mathematical ideas. Students will display, explain,
or justify mathematical ideas and arguments using precise mathematical language in written or oral
communication.

(5)

Students are encouraged to participate in extended learning experiences such as career and technical student
organizations and other leadership or extracurricular organizations.

Digital Electronics
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3) (6) Statements that contain the word "including" reference content that must be mastered, while those
containing the phrase "such as" are intended as possible illustrative examples.
nowledge and skills.
(© Knowledge and skill
Q) The student demonstrates professional standards/employability skills as required by business and industry. Added across CTE classes
The student is expected to:
(A) demonstrate knowledge of how to dress appropriately, speak politely, and conduct ones’ na
manner appropriate for the profession;
(B) show the ability to cooperate, contribute, and collaborate as a member of a group i to achieve
a positive collective outcome;
©) present written and oral communication in a clear, concise, and effective mani
and justifying actions;
(D) demonstrate time management skills in prioritizing tasks, following sche@dules, and performing goa
relevant activities in a way that produces efficient results; and
(E) demonstrate punctuality, dependability, reliability, and responsibility assigned tasks as
directed.
(2) Mathematical process standards. The student uses mathematical processes to acquite and demonstrate Added across math credit classes
mathematical understanding. The student is expected to:
(A) apply mathematics to problems arising in everyday life, s
(B) use a problem-solving model that incorporates analyzing gi
strategy, determining a solution, justifying the solution, and &
the reasonableness of the solution;
©) select tools, including real objects, manip g and technology as appropriate, and
techniques, including mental math, estig 8. as appropriate, to solve problems;
(D) communicate mathematical ideas, ree i
including symbols, diagrams, graph
(E) create and use representations to organi
(F) analyze mathematical rel
G) display, explain, an
written or oral co
(©) The student demonstrate
(A) distinguish the differen
(B) identify employment and ca
© identify industry certifications;
(D) discuss ethical issues related to engineering and technology and incorporate proper ethics in submitted
projects;
(E) identify and demonstrate respect for diversity in the workplace;
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@

identify and demonstrate appropriate actions and identify consequences relating to discrimination,
harassment, and equality;

explore electronics engineering careers and preparation programs

EG!

explore career preparation learning experiences, including, but not limited to, job shadowingg
mentoring, and apprenticeship training; and

discuss ABET accreditation and implications.

The student participates in team projects in various roles. The student is expected to:

explain the importance of teamwork in the field of electronics

apply principles of effective problem solving in teams to collaboration add eonflict resolution,; and

demonstrate proper attitudes as a team leader and team member;

The student develops skills for managing a project. The student is expected«to:

use time-management techniques to develop and maintain work schedules andimeet deadlines;

complete work according to established criteria;

participate in the organization and operation of a real or simulated engineefimg.project; and

develop a plan for production of an individual product.

The student practices safe and proper work habits. The student is expected to:

master relevant safety tests;

follow safety guidelines as described imariousdmanuals, instruetions, and requlations;

OB B E LR EE L EEEE

identify governmental and organizationaliregulations for health and safety in the workplace related to

electronics;

(D) identify and classifydi@zardous materi@l$iand wastes.according to Occupational Safety and Health
Administration regul@tions;

(E) dispose of hazardous‘materials and wastes appropriately;

(F) perform maintenance on Seleeted toolsfequipment, and machines;

©) handle and store tools and materials €orrectly; and

(H) describe the results of improper maintenance of material, tools, and equipment; and

&-(7) The student uses mathematical processes to acquire and demonstrate mathematical understanding. The
student is expected to:
(A) apply mathematics to problems arising in everyday life, society, and the workplace;
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15




(B)

use a problem-solving model that incorporates analyzing given information, formulating a plan or
strategy, determining a solution, justifying the solution, and evaluating the problem-solving process and
the reasonableness of the solution;

(©) select tools, including real objects, manipulatives, paper and pencil, and technology as appropriate, and
techniques, including mental math, estimation, and number sense as appropriate, to solve problems;

(D) communicate mathematical ideas, reasoning, and their implications using multiple representations,
including symbols, diagrams, graphs, and language as appropriate;

(E) create and use representations to organize, record, and communicate mathematical ideas;

(F) analyze mathematical relationships to connect and communicate mathematical ideas; and

(G) display, explain, and justify mathematical ideas and arguments using precise mathematical language in

written or oral communication.

)(8) The student explores the fundamentals of analog and digital electronics. The student uses appropriate

notation and understands the logic of circuit design and logic gates. The student is expected to:

(A) use scientific notation, engineering notation, and Systems International (SI) notatien to conveniently
write very large or very small numbers frequently encountered whenworking with electronics;

(B) describe the process of soldering and how it is used in the assembly of electronic.components;

(©) explain the different waveforms and distinctive characteristics of analog and digital signals;

(D) identify the voltage levels of analog anddigital signals;

(E) determine whether a material is a conductor, an insulator, or a semiconductor based on its atomic
structure;

(F) analyze the three fundamental concepts of voltage, current, and resistance;

(G) define circuit design software and explain its purpose;

(H) identify the fundamental building block of sequential logic;

(1 identify the components,of a manufacturer's datasheet, including a logic gate's general description,
connection diagram, and function table;

) categorize integrated circuits by. theiriunderlying circuitry, scale of integration, and packaging style;

(K) describe the advantages and disadvantages of the various sub-families of transistor-transistor logic
(TTL) gates;

L) explain that a logic gate is depicted by its schematic symbol, logic expression, and truth table;

(M) evaluate the different functions of input and output values of combinational and sequential logic;

(N) explain combinational logic designs implemented with AND gates, OR gates, and INVERTER gates;
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and

(0) identify the fundamental building block of sequential logic.
&-9) The student understands and uses multiple forms of AND-OR-Invert (AOI) logic. The student is expected
to:

(A) develop an understanding of the binary number system and its relationship to the decimaltnumber
system as an essential component in the combinational logic design process;

(B) translate a set of design specifications into a truth table to describe the behavior of‘a combinational logic
design by listing all possible input combinations and the desired output for each;

(©) derive logic expressions from a given truth table;

(D) demonstrate logic expressions in sum-of-products (SOP) form and products-of-sum (POS) form;

(E) explain how all logic expressions, whether simplified or not, can be implemented using AND gates and
Inverter gates, or OR gates; and Inverter gates; and

(F) apply a formal design process to translate a set of design specifications into a functional combinational

logic circuit.

(10 The student understands, explains, and applies NAND and NOR Logic and understands the benefits of using

universal gates. The student is expected to:

(A) apply the Karnaugh Mapping graphical technique to simplify‘logic expressions containing two, three,
and four variables;

(B) define a "don't care™ condition and explain its significance;

(©) explain why NAND and NOR gates are considered universal gates;

(D) demonstrate implementation.of.a.combinational logic expression using only NAND gates or only NOR
gates;

(E) discuss the formal design process used for translating a set of design specifications into a functional
combinational logic circuit implemented with NAND or NOR gates; and

(F) explain why combinational logic designs implemented with NAND gates or NOR gates will typically

require fewer integrated circuits (1C) than AOI equivalent implementations.

)(11) The student understands combinationaldogic systems, including seven-segment displays, Exclusive OR and

Exclusive NOR gates, and multiplexer/de-multiplexer pairs. The student understands the relative value of
various logic approaches. The student is expected to:

(A)

use seven-segment displays used to display the digits 0-9 as well as some alpha characters;

(B)

identify the two varieties of seven-segment displays;
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(©)

describe the formal design process used for translating a set of design specifications into a functional
combinational logic circuit;

(D) develop an understanding of the hexadecimal and octal number systems and their relationships to the
decimal number system;

(E) explain the primary intended purpose of Exclusive OR (XOR) and Exclusive NOR (XNOR) gates;

(F) describe how to accomplish the addition of two binary numbers of any bit length;

(G) explain when multiplexer/de-multiplexer pairs are most frequently used;

(H) explain the purpose of using de-multiplexers in electronic displays that use multiple seven-segment
displays;

(1 identify the most commonly used method for handling negative numbers in digital electronics;

) discuss the use of programmable logic devices and explain designs for which they are best suited; and

(K) compare and contrast circuits implemented with programmable logic devices with circuits implemented

with discrete logic.

6)(12) The student understands and describes multiple types of sequential logic'and various uses,of sequential

logic. The student is expected to:

(A) explain the capabilities of flip-flop and transparent latch logic devices;

(B) discuss synchronous and asynchronous inputs of flip-flops and transparent latches;

(©) explore the use of flip-flops, including designing single event detection circuits, data synchronizers,
shift registers, and frequency dividers;

(D) explain how asynchronous counters are characterized and how they can be implemented,;

(E) explore the use of the asynchronous.counter method to implement up counters, down counters, and
modulus counters;

(F) explain how synchronous counters are characterized and how they can be implemented,;

(G) explore the use of the synchronous counter method to implement up counters, down counters, and
modulus counters;

(H) describe a state machine;

(1 identify common everyday devices that state machines are used to control such as elevator doors, traffic
lights, and combinational or electronic locks; and

) discuss various ways state machines can be implemented.

€H(13) The student explores microcontrollers, specifically their usefulness in real-world applications. The student is

expected to:

Digital Electronics




(A) understand the use of flowcharts as graphical organizers by technicians, computer programmers,
engineers, and other professionals and the benefits of various flowcharting techniques;

(B) develop an understanding of basic programming skills, including variable declaration, loops, and
debugging;

(©) identify everyday products that use microcontrollers such as robots, garage door openers, traffic lights,
and home thermostats;

(D) describe a servo motor;

(E) explore the way microcontrollers sense and respond to outside stimuli;

(F) explain why digital devices are only relevant if they can interact with the real world;

(G) explain the importance of digital control devices, including microcontrollers in controlling mechanical
systems; and

(H) understand that realistic problem solving with a control system requires the ability to interface analog
inputs and outputs with a digital device.

Digital Electronics




§130.370.

Robotics | and-Automation-(One te-Fwe-Credits).

TEKS with edits

Committee Comments

General requirements. This course is recommended for students in Grades 43-12 9-10. Recommended
@ prerequisites: Coneepts-of-Engineering-and-Technology and-Electronies Principles of Applied
Engineering
(b) Introduction.
CTE instruction provides content aligned with challenging academic standards and releyant technical
(€] knowledge and skills for students to further their education and succeed in current ok emerging
professions.
The Science, Technology, Engineering, and Mathematics (STEM) Career Cluster focuses on planning,
@ managing and providing scientific research and professional and technicaléervices (e.q.4hysical
science, social science, engineering) including laboratory and testing servicespand reséarch and
development services.
autemaﬂen—mdas#y— Through |mplementat|on of the desrgn process students W|II transfer advaneed
(3) &) | academic skills to component designs in a project-based environment. Students will build prototypes or
use simulation software to test their designs. Additionally, students explore.career opportunities,
employer expectations, and educational needs in the robotic and automation industry.
) Students are encouraged to participate in extended learning.experiences’such as career and technical
student organizations and other leadership orgxtracurriculan organizations.
Statements that contain the word "includidg™ reference gontent that mustBe mastered, while those
(5)
containing the phrase "such as" are intended as.possible illustrative &xamples.
(c) Knowledge and skills.
) The student demonstrates professtonal standards/employability skills as required by business and
industry. The student is expected to:
(A) demonstrate knowledgedef how to dress appr@priately, speak politely, and conduct ones’ self in a
manner appropriate fortheyprofession:;
(B) show the ability to cooperate, centributeand collaborate as a member of a group in an effort to
achieve a positive collective outcome;
© present written and oral communication in a clear, concise, and effective manner, including
explaining and justifying actions;
(D) demonstrate time management skills in prioritizing tasks, following schedules, and performing goal-
relevant activities in a way that produces efficient results; and
(E) demonstrate punctuality, dependability, reliability, and responsibility in performing assigned tasks as

Robotics |
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directed.

The student demonstrates the skills necessary for success in a technical career the werkplace. The student

&) is expected to:
(A) distinguish the differences between an engineering technician, engineering technologist, and
engineer;
(B) identify employment and career opportunities;
© identify rvestigate-and-work-toward industry certifications;
e demonstrate-the principles-ofteamworkrelated-to-engineer : Duplicate from (1)
£}
S
©)(D) discuss ethical issues related to engineering and technology and incorporate proper ethics in
submitted projects;
H(E) identify and demonstrate respect for diversity in the workplace;
W(E) identify and demenstrate appropriate actions and consequences relating;to discrimination,
harassment, and equality;
i Duplicate from (1)
1(6)]
4 (H) explore robotic engineering careers and jreparation programs. leahing-experiences—inchudingbut
) explore career preparation learning experiénces ificlidma butnéblimited to, job shadowing,
mentoring, and apprenticeship training; and
[6)] discuss ABET accreditation‘and“implications.
£)(3) | The student participates indeam projects in various roles. The student is expected to:
(A) explain the importanegef teamwork in thewfigld of robotics
A)(B) understand-and-discuss-hewteamsfunetion apply principles of effective problem solving in teams to
collaboration and conflict reselution,; and
8By Use teamwork-to-selve problems—and
© theseroles: demonstrate proper attitudes as a team leader a
£3)(4) | The student develops skills for managing a project. The student is expected to:
(A) use time-management techniques to develop and maintain work schedules and meet deadlines;
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(B)

complete work according to established criteria;

© participate in the organization and operation of a real or simulated engineering project; and
(D) develop a plan for production of an individual product.
“)(5) | The student practices safe and proper work habits. The student is expected to:
(A) master relevant safety tests;
(B) follow safety guidelines as described in various manuals, instructions, and regulations;
© identify governmental and organizational regulations for health and safety in the. worFkplace relatgehto
electronics;
©)D) identify and classify hazardous materials and wastes according to Occupational Safety and Health
Administration regulations;
B)(E) dispose of hazardous materials and wastes appropriately;
EXF) perform maintenance on selected tools, equipment, and machines; Will be moved to higher level class
BXG) handle and store tools and materials correctly; and
S)(H) describe the results of negligent-er improper maintenance of material; toolspand equipment; and
©)(6) The student develops the ability to use and maintain technological products, processes, and systems. The
student is expected to:
A) demonstrate the use of computers to manipulate a rohotic or automated system and associated
subsystems;
B) troubleshoetand maintain systems ang-subsystems to ensure safesand proper function and precision
operation;
© demonstrate-knowledge of process-control-factors:-and Replace with the one below — to remove
redundancy
) Move to TEK 6
©) describe feedback conte@hloops used to pravitle information; and Moved from TEK 6
(D) describe types and functiongi@fisensors used'in robotic systems. Moved from TEK 6
®)7) The student develops an understanding.of €engineering principles and fundamental physics..the-advanced | Advanced moved to Robotics Il
coneepts-of physies;robetics;and-autemation: The student is expected to:
(A) demonstrate knowledge of Newton’s Laws as applied to robotics such as rotational dynamics, torque,
weight, friction, and traction factors required for the operation of robotic ane-autemated-systems;
B) i i i Combined with 6A
emonstrate knowledge of motors, gears, gear ratios, and gear trains used in the robotic oved from
B d trate knowledge of mot t d t d in the robotic erautemated | Moved from TEK 5
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© Moved to TEK 5
©
©) Moved to TEK 5
(D) describe the operation of direct current (DC) motors including control, speed, and torquésand
(E) describe the operation of servo motors including control, angle, and torque.
@(6) The student develops an understandin_g of the characteristics and scope of manipulatOfs, accumulato.rs
and end effectors required for a robotic or automated system to function. The student is expected to:
A) Describe _the relationship be_tyve_en demonstrate-knowledge-of robotic orautomated-system arm
construction and robot stability;
B) H-HdeFSta-F}d—&F}d-d-l-SGHSS describe the relationship betvyeeﬁ ef-torque; and gear ratio,and to weight of
payload in a robotic erautomated-system arm operation; and
©) demo_nstrate kn_owledge of end-effectorsand-theiruse-in-linkages and the gearing'in ef end effectors
used in a robotic erautemated arm system.
£83(9) | The student uses engineering design methodologies. The student is expected to:
(A) understand and discuss the design process prisetples-ef-ideation;
(B) think critically, identify the system constraints, and make fact-based decisions;
(O userationakthinking apply testing and reiteration strategies to develop or improve a product;
) (D) apply decision-making strategies when developing solutions;
(E) identify quality-control issues'in engineering design and production;
P describe perceptions of.the quality of products and how they affect engineering decisions;
©) use an engineering_notebook to FGGGFd dc_)cument t_he project o!esiqn process as a legal document;
prototypes; corrections,and-or-mistakes-inthe design-process; and
(H) interpret industry standardSystem schematics; Moved from TEK 10
o Now covered in G
©)(10) The student learns the function a_nq appl_ication of the tools, equipment, and materials useq in robotic and
automated systems through specific project-based assessments. The student is expected to:
(A) safely use tools and laboratory equipment to construct and repair systems;
(B) use precision measuring instruments to analyze systems and prototypes; and
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(©)

use multiple software applications to simulate robot behavior and present concepts.

Duplicate of TEK 8

Six sigma

Covered in robotics 2

Moved to Robotics 2

EE 3| 3 83883 B

The student buHdsa-pretetype produces a product using the appropriate tools, materials, and techniques.
The student is expected to:

(A) identify and describe the steps needed to produce a prototype;
(B) identify and use appropriate tools, equipment, machines, and materials to produce the prototype;
€5} implementsensers-in-a-robetic-orautemated-systepd
B (C) construct a robotic or automated system to perform specified operations using the design process;
E)(D) test anq evaluate the_design in relation.to pre-established requirements such as criteria and constraints
and-refine-as needed;
F)E) refine the design of.a robotic or automated system to-ensure quality, efficiency, and manufacturability
of the final product; and
BS)(F) present the protetype final product using a'variety of media.
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TEKS with edits

Committee Comments

placement of the process standard Iiu 2ginning of the knowledge and skills listed for each grade and
course is intentional. The process st ds weave the other knowledge and skills together so that
students may be successful problem solvers and use mathematics efficiently and effectively in daily life.
The process standards are integrated at every grade level and course. When possible, students will apply
mathematics to problems arising in everyday life, society, and the workplace. Students will use a
problem-solving model that incorporates analyzing given information, formulating a plan or strateqy,

determining a solution, justifying the solution, and evaluating the problem-solving process and the

Robotics Il

(€)] General requirements. This course is recommended for students in Grades 10-12. Required Tech Apps - Robotics Programming and
prerequisites: Robotics I. This course satisfies a high school mathematics graduation requirement Design TEKS have been incorporated in
this course and it currently satisfies a high
school math graduation requirement.
The committee recommends the Robotics |1
course as the stronger course because it
incorporates the Robotics Programming and
Design courses but it is more complete. The
rogramming elements are redundant;
owever Robotics Il adds engineering
elements to the course. CTE course have
more career investigation and application of
careers. The Robotics Programming and
Design courses does not address
construction at the same level of depth as
the Robotics 11 course.
(b) Introduction.
1) CTE instruction provides content aligned with ch
knowledge and skills for students to further thei
professions.
) The Science, Technology, Engineering
managing and providing scientific researe
social science, engineering) including labora
services.
(3) Students explore artificial intellfgencea
implementation of the dg process, stud e
project-based environ Students will bulld'prototypes and use software to test their designs.
(4) Students are encouraged articipate in extended learning experiences such as career and technical
student organizations and o eadership or@Xtracurricular organizations.
(5) The process standards describ tudents are expected to engage in the content. The Common Math Credit class wording
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reasonableness of the solution. Students will select appropriate tools such as real objects, manipulatives,
paper and pencil, and technology and techniques such as mental math, estimation, and number sense to
solve problems. Students will effectively communicate mathematical ideas, reasoning, and their
implications using multiple representations such as symbols, diagrams, graphs, and language. Students
will use mathematical relationships to generate solutions and make connections and predictions. Students
will analyze mathematical relationships to connect and communicate mathematical ideas. Stud i
display, explain, or justify mathematical ideas and arguments using precise mathematical la
written or oral communication.

(6) Statements that contain the word "including" reference content that must be mastered,
containing the phrase "such as" are intended as possible illustrative examples.
© Knowledge and skills.
(6] The student demonstrates professional standards/employability skills as re im_ilar to Robotics Programming and
industry. The student is expected to: Design TEK 6
(A) distinguish the differences between an engineering technician, engine
engineer;
(B) identify employment and career opportunities;
© identify industry certifications;
(D) recognize the principles of teamwork related to engineering
(E) identify and use appropriate work habits;
(F) locate and report on governmental reg aws, i ing health, safety and labor codes
related to engineering;
(©)} discuss ethical issues related to enging ) : orporate proper ethics in
submitted projects;
(H) demonstrate respect for di
0] demonstrate appropu ences relating to discrimination, harassment,
and equality:;
) demonstrate effective oraba i mmunication skills using a variety of software applications
and media; and
(K) explore robotic engineering ca " preparation programs.
2) Mathematical process standards. The Student uses mathematical processes to acquire and demonstrate
mathematical understanding. The student is expected to:
(A) apply mathematics to problems arising in everyday life, society, and the workplace;
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use a problem-solving model that incorporates analyzing given information, formulating a plan or
strategy, determining a solution, justifying the solution, and evaluating the problem-solving process
and the reasonableness of the solution;

© select tools, including real objects, manipulatives, paper and pencil, and technology as appropriate,
and techniques, including mental math, estimation, and number sense as appropriate, to sol
problems;
(D) communicate mathematical ideas, reasoning, and their implications using multiple r
including symbols, diagrams, graphs, and language as appropriate;
(E) create and use representations to organize, record, and communicate mathe
(F) analyze mathematical relationships to connect and communicate mathe
(©)} display, explain, and justify mathematical ideas and arguments usin
in written or oral communication.
(3) The student will learn and contribute productively as an individual and as me a project team. The | Similar to Robotics and Programming TEK
student is expected to: 3
(A) understand and discuss how teams function;
(B) use teamwork to solve problems;
© follow directions and decisions of responsiblgd
(D) participate in establishing team procedures ag
(E) work cooperatively with others to set ane i etitive and non-competitive
situations.
(4) The student develops skills of project manag
(A) maintain work schedules
(B) complete work acco
© participate in the org
(D) translate and employ a P
()] The student practices safe and pro Similar to Robotics Programming and
Design TEK 5
(A) master relevant safety tests;
(B) follow safety quidelines as described in various manuals, instructions, and requlations;
© identify and classify hazardous materials and wastes according to Occupational Safety and Health

Administration requlations;
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dispose of hazardous materials and wastes appropriately;

follow established guidelines for safely working in a lab environment;

handle and store tools and materials correctly;

employ established inventory control and organization procedures; and

describe the results of negligent or improper maintenance.

Bl E| 6 BB E

The student develops the ability to use and maintain technological products, processes
student is expected to:

Similar to Robotics Programming and
Design TEK 5

(A) demonstrate the use of computers to manipulate a robotic or automated systeimand associated
subsystems;
(B) troubleshoot and maintain systems and subsystems to ensure safe ang ion’and precision
operation;
© implement feedback control loops used to provide information; and
(D) implement different types of sensors used in robotic or a
(1) The student demonstrates an understanding of advanced math
automated systems. The student is expected to:
(A) apply the concepts of acceleration and veloci ptic and automated systems;
(B) describe the term “degrees of freedom” joints used in robotic and
automated systems;
© describe angular momentum and intée joint motion, stability, and
mobility;
(D) use the impulse-momentui of robotic and automated systems;
(E) explain translational ati in the design of robotic and automated
systems;
(F) apply the operation o otors including control, speed, and torque
(©)} apply the operation of ser i ng control, angle, and torque
(H) interpret sensor feedback and threshold values Robotics Programming and Design TEK 71
0] apply measurement and geometry to calculate robot navigation Robotics Programming and Design TEK 7L
Q)] implement movement control using encoders, and; Robotics Programming and Design TEK
™
(K) Implement path planning using geometry and multiple sensor feedback. Robotics Programming and Design TEK 70

Robotics Il
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(8) The student creates a program to control a robotic or automated system. The student is expected to:
(A) use coding languages and proper syntax
(B) use programming best practices for commenting and documentation;
© describe how and why logic is used to control the flow of the program;
(D) create a program flowchart and write the pseudocode for a program to perform an operatigh;
(E) create algorithms for evaluating a condition and performing an appropriate action usia@deeisions; Similar to Robotics Programming and
Design TEK 5
(F) create algorithms that loop through a series of actions for a specified incrementand for as long.asia Similar to Robotics Programming and
given condition exists; Design TEK 5
(G) create algorithms that evaluate sensor data as variables to provide feedbaék'Control; Similar to Robotics Programming and
Design TEK 5
(H) use output commands and variables; Robotics Programming and Design TEK 5D
()] use selection programming structures such as jumps, loops, switch, and case ; and Robotics Programming and Design TEK 5E
) implement subroutines and functions. Robotics Programming and Design TEK 5F
e student develops an understanding of the characteristics and scope of mamigulatorsyaccumulators an imilar to Robotics Programming an
© The student devel derstand f the characterist d f lat lat dS_ltRbt Pro d
end effectors required for a robotic or automated system to\function4lhestudéniis expected to: Design TEK 7
emonstrate knowledge of robotic or automatediSystem arm construction;
(A) d trate knowledge of robot tomatediSyst ffuct
(B) understand and apply the concepts of tordue, gear ratio, stabilityy and weight of payload in a robotic
or automated system arm operation; afd
©) understand and apply the concepts ofdinkages and gearing infemdseffectors and their use in of a
robotic or automated arm system.
(10) The student uses engineering désign methodologieshT he student is expected to: Similar to Robotics Programming and
Design TEK 2
(A) implement the design process;
(B) think critically, identify the system constraints, and make fact-based decisions;
©) apply formal testing and reitésation stratégies to develop or improve a product;
(D) apply and defend decision-making.strategies when developing solutions;
(E) identify and improve quality-control issues in engineering design and production;
(F) apply Six Sigma to analyze the quality of products and how it affects engineering decisions;
((©) use an engineering notebook to document the project design process as a legal document; and
(H) create and interpret industry standard system schematics.
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The student learns the function and application of the tools, equipment, and materials used in robotic and

automated systems through specific project-based assessments. The student is expected to:

Similar to Robotics Programming and
Design TEK 4

(A) safely use and maintain tools and laboratory equipment to construct and repair systems;
(B) use precision measuring instruments to analyze systems and prototypes; and
© implement a system to identify and track all components of the robotic or automated sys nd all
elements involved with the operation, construction, and manipulative functions; and
(D) use multiple software applications to simulate robot behavior and present concep
(12) The student produces a product using the appropriate tools, materials, and techni . The student Similar to Robotics Programming and
exgected to: DeSign TEKS 2, 3,4
(A) use the design process to design a robotic or automated system that ished criteria and
constraints;
(B) identify and use appropriate tools, equipment, machines, and materials t the prototype;
© implement sensors in the robotic or automated system;
(D) construct the robotic or automated system:;
(E) use the design process to evaluate and formally test the desi
(F) refine the design of the robotic or automated.s , efficiency, and
manufacturability of the final robotic or 3
(©)} present the final product using a varig
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8130.362. Cencepts-Principles of Applied Engineering and-TFechnolegy (One-Halfto One Credit).

TEKS with edits Committee Comments

@ General requirements. This course is recommended for students in Grades 9-10.

(b) Introduction

CTE instruction provides content aligned with challenging academic standards and relevant tecidnical
(1) knowledge and skills for students to further their education and succeed in current or emergidg

professions.

Planning, managing and providing scientific research and professional and technical services (e.g.,
(2) physical science, social science, engineering) including laboratory and testing serwi€es, and research and
development services.

Description. Cencepts Principles of Applied Engineering and-Fechnelegy provides an overview of the The original wording doesn’t really help
various fields of science, technology, engineering, and mathematics and their interrelationships. The reader understand what they will actually
students will develop engineering communication skills which include computef@sahics, modeling and | leam.

presentations by using Students-will-use a variety of computer hardware and software applications to
3) complete assignments and projects. Upon completing this course, students will have an understanding of
the various fields of engineering and will be able to make informed deeisiensregarding career decisions.
a-coherentseguence-ofsubsegquent-courses. Further, students will have worked on.a design team to
develop a product or system. Students will use multiple software applications to prepare-and present
course assignments.

Students are encouraged to participate in extendéd'learning experiences such as career and technical

(4) student organizations and other leadership og@xtracurricular organizations.
) Statements that contain the word "including*keference.contentithat.mustibe mastered, while those
containing the phrase "such as" are intended‘as possible’illustrative’examples.
(©) Knowledge and skills.
The student demonstrates prafessional standards/employability skills as required by business and
industry. The student is exféeted to:
(A Demonstrate knowledge ofihow to dress, speak, and conduct ones’ self in a manner appropriate for
the profession;
(B) Show the ability to cooperate,‘contributegand collaborate as a member of a group in an effort to
achieve a positive collective outcome;
[(®)] Present written and oral communication in a clear, concise, and effective manner;
Demonstrate time management skills in prioritizing tasks, following schedules, and performing goal-
(D) T - :
relevant activities in a way that produces efficient results; and
(E) Demonstrate punctuality, dependability, reliability, and responsibility in performing assigned tasks as
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directed.

The student investigates the components of engineering and technology systems. The student is expected

&2 to:
(A) investigate and report on the history of engineering science;
(B) identify the inputs, processes, and outputs associated with technological systems;
© describe the difference between open and closed systems;
(D) describe how technological systems interact to achieve common goals;
(E) compare and contrast engineering, science, and technology careers; and
(F) conduct and present research on emerging and innovative technology; and
(G) demonstrate proficiency of the Engineering Design process.
@) The student presents conclusions, _research findings, and designs using a variety of media throughout the
course. The student is expected to:
(A) use clear and concise written, verbal, and visual communicationtechniques;
(B) maintain a design and computation engineering notebook;
© use sketching and computer-aided drafting and design (CADD)_te devélop and present ideas; Clarification
(D) use industry standard visualization techniques afid'medgia; and
(E) use the engineering documentation process to maintain a paper or digital portfolio.
£3)(4) | The student uses appropriate tools and demonstrates safe'work habits. The student is expected to:
(A) master relevant safety tests;
B) foII_ow lab safety guidelin_es as mdescribe(_j by_instructor in compliance with local, state and federal
vartous-manualstastructions;and regulations;
© recognize the classification of hazardous materials and wastes;
(D) dispose of hazardous materials and wastes appropriately;
(E) perform maintain, enance, akd safely handle and properly store laboratory equipment;
(F) describe the implications of negligent or improper maintenance; and
(G) demonstrate the use of precision measuring instruments.
@5 Th_e student describes the factors that a_ffect the progression of technology and the potential intended and
unintended consequences of technological advances. The student is expected to:
(A) describe how technology has affected individuals, societies, cultures, economies, and environments;
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(B)

describe how the development and use of technology influenced past events;

© describe how and why technology progresses; and
(D) predict possible changes caused by the advances of technology.
&)
A
B)
)
B)
&}
)
{S)
)
th
©) The student thinks critically and applies fundamentgl principles of system modeling and design to
multiple design projects. The student is expected.t0:
A) identify and describe th_e fundamental processes needed for a project, including the design process and
prototype development;
(B) identify the chemical, mechanical, and physical properties of engineering materials;
© use problem-solving techniques-to-develop technelogical solutions;
(D) use consistent units for all‘measurements and computations; and
(E) assess risks and benefits of a design solution.
The Biotechnology course doesn’t require
Al this course as a prerequisite and this isn’t
necessary.
A
B)
)
B)
&}
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The student understands the opportunities and careers in fields related to robotics, process control and

(78 automation systems. The student is expected to:
(A) describe applications of robotics, process control and automation systems;
€©)(B) apply design concepts to problems in robotics, process control and automation systems;
o) ;izntify fields and career opportunities related to robotics, process control and automatien systems;
EX(D) identify emerging issues trends in robotics, process control and automation systems.
(8)(9) The stuqlent understands the oppo_rtunities and c_areers in fields related to physicatand electrical and
mechanical systems. The student is expected to:
(A) describe the applications of physical-and-electrical and mechanical systems;
(B) describe career opportunities in physical-and electrical and mechanical systems;
© Eliminated 10/28/14
B)(C) identify emerging trends issues in physicatand-electrical and mechanicalsystems; and
(D) describe and apply basic electronic theory.
(9)(46) The student participatesin-a-team-based-culminating project _' : i '_ : ] f demonstr{_ﬂes the abilit\( to function as a
team member while completing a comprehensivé project. The student is.expected to:
(A) apply the design process i as a team pasticipant;
(B) assume different roles as a team member within the' project;
© maintain an engineering notebook for the project;
(D) develop and test the modelfor the project; and
) el - eation ckills.
E) Demonstrate commurigation skills by prepafifig and presenting the project;
(10)¢43) The _student dempnstrates a Knowledge of_ drafting by cgmpletinq a series of drawings that can be
published by various media. Theistident is exgeeted to:
(A) setup, create and modify drawings;
(B) store and retrieve geometry;
© understand the use of line-types in engineering drawings;
(D) draw 2D single view objects;
(E) create Multi-view working drawings using orthographic projection;
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dimension objects using current ANSI standards;

draw single line 2D pictorial representations;

create working drawings which include section views; and

demonstrate a knowledge of screw thread design per ANSI standards by drawing a hex head b
standard, square and acme threads.

e EkB

ith
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8130.365. Engineering Design and Presentation | (One toTFwe Credits)

TEKS with edits

Committee Comments

(@)

General requirements. This course is recommended for students in Grades 10-12. Recommended
Prerequisites: Seneepts-Principles of Applied Engineering. andTFechnelogy, Prerequisite: Algebra |

(b)

Introduction. Fhis-course-isa

CTE instruction provides content aligned with challenging academic standards andfrelevant technical
knowledge and skills for students to further their education and succeed in CUrrent or emerging

professions.

The Science, Technology, Engineering, and Mathematics (STEM).Career Cluster focuses on planning,
managing and providing scientific research and professional and technteal sénvices (e.9.; physical
science, social science, engineering) including laboratory and testing services,and fesearch and
development services.

This course is a continuation of knowledge afd'skillslearned in Sereepts Principles of Applied
Engineering &TFechnelogy. Students enrolled in this course will demonstrate knowledge and skills of the
process of design as it applies to engineering fields using multiple software applications and tools
necessary to produce and present working drawings, solid model renderings, and prototypes. Students
will use a variety of computer hardware and software applications to complete assignments and projects.
Through implementation of thedesign.process, students will transfer advanced academic skills to
component designs. Additionally, students.explore career opportunities in engineering, technology, and
drafting and what is required to gain and maintain employment in these areas. Students are encouraged to
participate in extendg@learning experiences suich as career and technical student organizations and other
leadership or extracurricilas organizations.

(4

Students are encouraged to participate in extended learning experiences such as career and technical
student organizations and otherdeadership or extracurricular organizations.

(5)

Statements that contain the word "ineluding" reference content that must be mastered, while those
containing the phrase "such as" are intended as possible illustrative examples.

(©)

Knowledge and skills.

(1)

The student demonstrates professional standards/employability skills as required by business and
industry. The student is expected to:
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Demonstrate knowledge of how to dress appropriately, speak politely, and conduct ones’ self in a

(A) manner appropriate for the profession and work site.

(B) Cooperate, contribute, and collaborate as a member of a group in an effort to attain agreement and
achieve a collective outcome.

© Present written and oral communication in a clear, concise, and effective manner, including
explaining and justifying actions.

(D) Use time management skills in prioritizing tasks, following schedules, and tending to g@alfrelevant
activities in a way that optimizes efficiency and results.
Complete a consistent demonstration of punctuality, dependability, reliability, and‘responsibility in
reporting for duty and performing assigned tasks as directed.

@2 The student gains knowledge of and demonstrates the skills necessary for success in the workplace. The
student is expected to:

distinguish the differences between an engineering technician, engineering technologist, and

A ehuinoer-

gineer;

(B) identify employment and career opportunities;

© investigate and work toward industry certifications;

(D) demonstrate the principles of teamwork related to engineering and technelogy;

(E) identify and use appropriate work habits;

(F) demonstrate knowledge related to governmental regulations,‘including health and safety;

©) discuss ethical issues related to engineering and technology and incorporate proper ethics in
submitted projects;

(H) demonstrate respect for diversity in the workplace;

() demonstrate appropriate actions,and identify consequences relating to discrimination, harassment,
and equality;

0 demonstrate effective oral and written communication skills using a variety of software applications
and media; and

(K) explore career preparation learning experiences, including, but not limited to, job shadowing,
mentoring, and apprenticeship training.

2)(3) The student participates in team projects in various roles. The student is expected to:

(A) understand and discuss how teams function;

(B) use teamwork to solve problems; and

©) serve as a team leader, member and demonstrate appropriate attitudes while participating in team

projects.
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£)(4)

The student develops skills for managing a project. The student is expected to:

(A) use time-management techniques to develop and maintain work schedules and meet deadlines;

(B) complete work according to established criteria;

© participate in the organization and operation of a real or simulated engineering project; and

(D) develop a plan for production of an individual product.

“)(5) The student practices safe and proper work habits. The student is expected to:
master relevant safety tests;

(A) ter relevant safety test

(B) follow safety guidelines as described in various manuals, instructions, and regulations;

©) identify and classify hazardous materials and wastes according to Occupational Safety and Health

Administration regulations;

(D) dispose of hazardous materials and wastes appropriately;

(E) perform maintenance on selected tools, equipment, and machines;

P handle and store tools and materials correctly; and

(G) describe the results of negligent or improper maintenance.

©)(6) The student applies the concepts of sketching and'skills associated with computer-aided drafting and
design. The student is expected to:

(A) utilize single and multi-view projectiOns; Utilize because already learned in
COET(POET)

(B) utilize orthographic and pictorial views; Moved to concepts of engineering &
Tech

() utilize auxiliary viewss Moved to concepts of engineering &
Tech

(D) utilize section viéws Moved to concepts of engineering &
Tech

(E) Utilize advanced construgtien techniques prejectpoints-and-construct Hines-to-build-geometric forms: | Changed to include old E, F, G, H

{9 =l 4 'l Al=l= .l "= '. 1 A= =..A =' alal A'='=. aalal l==

&

)

) prepare and revise annotated multi-dimensional production drawings in computer-aided drafting and

design to industry standards; and
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G) demonstrate knowledge of effective file structure and management; and
(H) utilize advanced dimensioning techniques; and
()] construct and utilize basic 3D parametric drawings; and
J) develop and use prototype drawings for presentation.
©)7) The student uses engineering design methodologies. The student is expected to:
(A) understand and discuss principles of ideation; and
(B) think critically, identify the system constraints, and make fact-based decisions; and
© use rational thinking to develop or improve a product; and
(D) apply decision-making strategies when developing solutions; and
E) gzg an engineering notebook to record prototypes, corrections, and/or mistakes‘n the design process;
G use an enginee_ring notebook and portfolio to record the final design, construction, and manipulation
of finished projects.
H(8) The student applies concepts of engineering to specific problems. The student is.expected to:
(A) use a variety of technologies to design components; and
(B) use tools, laboratory equipment, and precision measuring instruments to develop prototypes; and
© research applications of different types of computer-aided drafting and design software; and
(D) use multiple software applications far concept.presentations.
)9 ;I(')he student designs products using appropriate design processes and techniques. The student is expected
(A) interpret engineering drawings;
(B) identify areas where guality, reliability,'and safety can be designed into a product;
© improve a product design:to meet a specified need;
(D) produce engineering drawingsito industry standards; and
(E) describe potential patents and the patenting process.
©)(10) The student. builds a prototype using the appropriate tools, materials, and techniques. The student is
expected to:
(A) identify and describe the steps needed to produce a prototype;
(B) identify and use appropriate tools, equipment, machines, and materials to produce the prototype; and
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(€)

present the prototype using a variety of media.
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8130.366. Advanced Engineering Design and Presentation 11 (Two te-Fhree Credits)

TEKS with edits

Committee Comments

(@)

General requirements. This course is recommended for students in Grades 11-12. Recommended
Pprerequisite: Principles of Applied Engineering or Engineering Design & Presentation |.

(b)

Prerequisite: Algebra | and Geometry.
Introduction. Fhis-course-will-provide ortunity .

CTE instruction provides content aligned with challenging academic standards and relevani
technical knowledge and skills for students to further their education and.sticceed in current ok
emerqging professions.

The Science, Technology, Engineering, and Mathematics (STEM) @areer Cluster focuses on
planning, managing and providing scientific research and professional and techdieal services (e.q.,

physical science, social science, engineering) including laboratorytand testing services, and
research and development services.

This course is a continuation of knowledge and skills learned in Engineering Design &
Presentation I. Students enrolled in this course will deffienstrate knowledge and skills of the
process of design as it applies to engineering fields using“multiple software applications and tools
necessary to produce and present working drawings, selid modelirenderings, and prototypes.
Students will use a variety of computer hardware and software applicationsite-complete
assignments and projects. Through implementation of the desi@n’process, students will transfer
advanced academic skills to componentfdesignshEmphasiSwill be placed on utilization of skills
from ideation through prototyping. Students ar@ encouraged to.participate in extended learning
experiences such as career and teghnical student @rganizations and other leadership or
extracurricular organizations.

Students are encouraged to participate.in extended Tearning experiences such as career and
technical student organizations and other leadership or extracurricular organizations.

Statements that contaid'the woreh.'including reference content that must be mastered, while those
containing the phraSe*such as™arelintended as,possible illustrative examples.

Knowledge and skills.

)

The student demenstkates professional standards/employability skills as required by business and
industry. The student iSiexpected to:

(A)

distinguish the differences between an engineering technician, engineering technologist, and
engineer;

(B)

identify employment and career opportunities;

(©)

investigate and work toward industry certifications;
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(D)

demonstrate the principles of teamwork related to engineering and technology;

(E) identify and use appropriate work habits;

(F) demonstrate knowledge related to governmental regulations, including health and safety;

(G) discuss ethical issues related to engineering and technology and incorporate proper €thics in
submitted projects;

(H) demonstrate respect for diversity in the workplace;

M demonstrate appropriate actions and identify consequences relating to discrimination,
harassment, and equality;

) demonstrate effective oral and written communication skills using a variety of software
applications and media; and

(K) explore career preparation learning experiences, including, but not limited to, job shadowing,
mentoring, and apprenticeship training.

(2) The student participates in team projects in various roles. The student is expected to:

(A) understand and discuss how teams function;

(B) use teamwork to solve problems; and

(©) serve as a team leader and a team memberand demonstrate appropriate attitudes while
participating in team projects.

(3) The student develops skills for managing a project. The student.is expected to:

(A) use time-management techniques to develop and maintain work schedules and meet
deadlines;

(B) complete projectsaccording:to established criteria;

(©) participate in‘the organization and operation,of a real or simulated engineering project; and

(D) develop a plan.for production ofian individual product.

(4) The student demonstrates principles of project documentation and work flow. The student is

expected to:

(A) complete work orders andrelated documentation;

(B) identify factors affecting cost and strategies to minimize costs;

(©) prepare a project budget;

(D) prepare a production schedule;

(E) identify intellectual property and other legal restrictions; and
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(F)

read and interpret technical drawings, manuals, and bulletins.

() The student applies the concepts and skills of computer-aided drafting and design software to

perform the following tasks. The student is expected to:

(A) prepare drawings to American National Standards Institute and International Standards
Organization graphic standards;

(B) customize software user interface by-creating-blocks-attributesand-symbel-libraries;

(©) prepare and utilize advanced views such as auxiliary, section and break-away;

(D) draw detailed parts, assembly diagrams, and sub-assembly diagrams;

(E) indicate tolerances and standard fittings using appropriate library functions;

(F) sresare-hiehwoyslonardpretledrawings—aeludinguiloeentions Added advanced CADD skills.
understanding of annotation styles and setup by defining units,_fents, dimension styles, notes,
leader lines;

(©) prepare-functional-block-diagrams-for-project-management-and-decision-making; identify and
incorporate the use of advanced layout techniquesi@ndvigwports using paper-space and
modeling areas.

(H) prepare-functional- wiring-harness-diagrams; utilize Management technigues by setting up
properties to define and control individuahlayers.

(1 srepare-electronic schermatics todndustry-staRtiards. - create and use
custom templates for advance@project magagement.

) prepare and utilize advanced development drawings;-are

(K) identify-the-functions-of computerhareiware-devices: utilize advanced polar tracking and
blocking techniqués to'increase drawing.efficiency:;

L) create drawig@s*that incorporateésiexternalrgferencing;

(M) create andeneer objects using parametric modeling tools; and

(N) model individual parts or assemblies and produce rendered or animated output.

(6) The student practices safe and proper work habits. The student is expected to:

(A) master relevant safety tests;

(B) follow safety guidelines as described in various manuals, instructions, and regulations;

(©) identify and classify hazardous materials and wastes according to Occupational Safety and
Health Administration regulations;

(D) dispose of hazardous materials and wastes appropriately;
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(E)

perform maintenance on selected tools, equipment, and machines;

(F) handle and store tools and materials correctly; and

(G) describe the results of negligent or improper maintenance.

(7) The student uses engineering design methodologies. The student is expected to:

(A) understand and discuss principles of system ideation;

(B) think critically, identify the system constraints, and make fact-based decisions;

(©) use rational thinking to develop or improve a system;

(D) apply decision-making strategies when developing solutions;

(E) identify quality-control issues in engineering design and production;

(F) describe perceptions of the quality of products and how they affect engineering decisions;

(G) use an engineering notebook to record prototypes, corrections, and/or mistakes in the design

process; and
(H) use an engineering notebook to record the final design, construction, and manipulation of
finished projects.

(8) The student applies concepts of engineering.to specific problems. The student is expected to:

(A) use a variety of technologies to design systems;

(B) use tools, laboratory equipment, and precision measuring instruments to develop prototypes;

(©) research applications of different types.of computer-aided drafting and design software; and

(D) use multiple software applications for concept presentations.

(9) The student designsSystems using.appropriate design processes and techniques. The student is
expected to:

(A) interpret engineering drawings;

(B) identify areas where quality, reliability, and safety can be designed into a system;

(©) improve a system design to meet a specified need, including properties of materials selected,;

(D) produce engineering drawings to industry standards; and

(E) describe potential patents and the patenting process.

(10) The student builds a prototype using the appropriate tools, materials, and techniques. The student
is expected to:

(A) identify and describe the steps needed to produce a prototype;
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(B)

identify and use appropriate tools, equipment, machines, and materials to produce the
prototype; and

(©)

present the prototype using a variety of media.
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TEKS with edits Committee Comments
General requirements. This course is recommended for students in Grades 9-12.-10. Recommended | Bielogy-is-more-aligned-with-basie
@ prerequisite-Concepts-of Engineering-and Technology- knowledge-of-this-course-Name changed.
This can be used for several different
pathways.
Introduction. Fhis-course-provide
(b) e 3'.;" :-'e'ee ': =-'= ee-:
CTE instruction provides content aligned with challenging academic ards andfrelevant technical
@) knowledge and skills for students to further their education and succeed gnt or emerging
professions.
The Science, Technology, Engineering, and Mathematics areer Cluste suses on planning,
@ managing and providing scientific research and professiona ac ervices . physical
science, social science, engineering) including laboratory ang ad. research and
development services.
This course is a strong reinforcement of Big des an overview of biotechnology,
bioengineering, and related fields. Topic, ure, proteins, nucleic acids, and
the impact of immunological events i study the increasingly important
agricultural, environmental, economi€ and biological remediation; the
roles of nanoscience and nanotechnolog i al research; and future trends in
biological science and biotechnolog
) Students are encouraged garning experiences such as career and technical
student organizations
(5) Statements that cont i eference content that must be mastered, while those
containing the phrase "St s possible illustrative examples.
(©) Knowledge and skills.
) The student demonstrates profes tandards/employability skills as required by business and
industry. The student is expected to*
(A demonstrate knowledge of how to dress appropriately, speak politely, and conduct ones’ self in a
manner appropriate for the profession.
(B) show the ability to cooperate, contribute, and collaborate as a member of a group in an effort to
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achieve a positive collective outcome.

©) present written and oral communication in a clear, concise, and effective manner;
demonstrate time management skills in prioritizing tasks, following schedules, and performing
goal-relevant activities in a way that produces efficient results; and
€ demonstrate punctuality, dependability, reliability, and responsibility in performing assi@ned tasks
as directed.
&5H(2) The student explores biotechnology career opportunities. The student is expected to:
Y gy pp
(A) determine interests and aptitudes through conversations with biotechnology professionals;
(B) identify career options in the field of biotechnology;
© identify reliable sources of career information;
(D) research interests, knowledge, educational level, abilities, and skills'needed in a biotechnology-
related occupation;
(E) seek a mentor in the biotechnology area;
(F) identify conventional and non-conventional career opportunities thatymatch interests and aptitudes;
©) research applications of biotechnology and biomaterials 2 such as the areas of'medicine, the
environment, and pharmaceutical, agriculturalyand industrial settings; and
use technology to research biotechnolegy topics, identify pertinent scientific articles, obtain articles
(H) of interest, and write a formal research paper in the format used by academic and professional
journals and magazines.
23) The student evaluates ethical and legal issues. in‘biotechnology. The student is expected to:
(A) identify current ethical and legahissues;
(B) describe the history ‘of biotechnology and related\current issues;
(© discuss legal and technology issues for at least two biotechnology related areas; and
(D) compare and contrast examples of objective and subjective scientific, economic, and political data
and positions used to defend biotechnology views.
@) The student examines federal, statejlocal, and industry regulations as applied to biotechnical processes
through library research and Internet research. The student is expected to:
(A) identify local, state, and federal agencies responsible for regulating the biotechnology industry;
(B) identify professional organizations participating in the development of biotechnology policies;
(© identify and define terms related to biotechnology regulations; and
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outline the methods and procedures used in biotechnology laboratories to follow and enforce local,

(©) state, and federal regulations, ineluding such as those in the agricultural and health areas.
@)(5) The student demonstrates kn_owledge of thle business climate for biotechnology industry sectors in the
current market. The student is expected to:
(A) identify professional publications;
(B) identify the various biotechnology industry sectors; and
© investigate and report on career opportunities in the biotechnology industry sectors.
©)(6) The student researchgs and exhibits.employability skills that support a career in‘the biotechnology.
industry. The student is expected to:
(A) demonstrate verbal, nonverbal, written, and electronic communication skills;
(B) demonstrate skills used to secure and maintain employment;
(© demonstrate appropriate workplace etiquette; and
(D) display productive work habits and attitudes.
®)(7) The student investigatgs the origins 9f waste and examines the relationship.of biotechnology to resource
recovery. The student is expected to:
(A) investigate at least three end products fromrsbiotechnology manufacturing processes;
(B) investigate the effects of waste on environmental and biological life cycles;
© investigate the impacts of waste on the environment;
(D) analyze the results of manufacturing refuse;
E) explain_the. negative impactsiof.waste with respect to the individual, society, and the global
population;
&) researph solution_s to biological waste W?th respect to con?mer_cial applications through investigation
of various pollutionwaste treatments using natural organisms;
(G) investigate biotechnology as it relates to health and well-being; and
(H) cite evidence regarding regulations; patents and public policy, design development and testing, and
safety.
@6 The student gxamines the .relationship of biotechnology to the development of commercial products.
The student is expected to:
(A) identify the ability to change or enhance genetic characteristics;
(B) identify applications of genetic engineering;
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© identify applications of nanotechnology in biotechnology;

(D) identify applications of bioinformatics in biotechnology;

E) identify the applications of biotechnology in fields such as medicine, forensics, and law
enforcement; and

) research ethical considerations, laws, and regulations governing genetic engineering

nanotechnology.
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§130.364.

Advanced Biotechnology | (One Science Credit)

TEKS with edits

Committee Comments

(@)

General requirements. This course is recommended for students in Grades 11-12. Prerequisite: Biology.
Recommended prereguisites: Bislogy, Principles of Biosciences and Chemistry. To receive credit in
science, students must meet the 40% laboratory and fieldwork requirement identified in §74.3(b)(2)(C) of
this title (relating to Description of a Required Secondary Curriculum). This course satisfies adilgh school
science graduation requirement.

Name Changed from “Advanced
Biotechnology” to “Biotechnology I”.
“Advanced” deleted to make names like
colleges. (levels) This aligns with industry
skills standards and certification.

(b)

Introduction.

CTE instruction provides content aligned with challenging academic standards andacelévant technical
knowledge and skills for students to further their education and succeed in currgdt 0r emerging

professions.

The Science, Technology, Engineering, and Mathematics (STEM) Careerf’Cluster focusés ©n planning,
managing and providing scientific research and professional and technical*serzices (€.9:, physical science,

social science, engineering) including laboratory and testing services, and researeh and development
Services.

£/

Students enrolled in this course will apply advanced academic knowledge and skills to the emerging
fields of biotechnology such as agricultural, medical, regulatory, and forensics:Students will have the
opportunity to use sophisticated laboratory equipment, perform statisticalanalysis, and practice quality-
control techniques. Students will conduct laboratory.and field investigations, use scientific methods
during investigations, and make informed decisi@ns*osing.critical thiAking and scientific problem solving.
Students in Biotechnology 1 study a variety @ftopics thatinclude struetures and functions of cells,
nucleic acids, proteins, and genetics.

$)(4)

Nature of science. Science, as defined by the National Academy of Sciences, is the "use of evidence to
construct testable explanations and predictions of natural phenomena, as well as the knowledge generated
through this process." Thisvast body of changing and increasing knowledge is described by physical,
mathematical, and conceptual'models. Students should know that some questions are outside the realm of
science because they deal with phenemena that are not scientifically testable.

()

Scientific Inquiry. Scientific inquiryis the planned and deliberate investigation of the natural world.
Scientific methods of investigation can be experimental, descriptive, or comparative. The method chosen
should be appropriate to the question being asked.
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£5)(6)

Science and social ethics. Scientific decision making is a way of answering questions about the natural
world. Students should be able to distinguish between scientific decision-making methods and ethical and
social decisions that involve the application of scientific information.

)1

Science, systems, and models. A system is a collection of cycles, structures, and processes that interact.
All systems have basic properties that can be described in terms of space, time, energy, and matter.
Change and constancy occur in systems as patterns and can be observed, measured, and modeled. These
patterns help to make predictions that can be scientifically tested. Students should analyze a system in
terms of its components and how these components relate to each other, to the whole, and to the external
environment.

Students are encouraged to participate in extended learning experiences such asgareer and technical
student organizations and other leadership or extracurricular organizations.

Statements that contain the word "including" reference content that mustdde mastered, while those
containing the phrase "such as" are intended as possible illustrative examples:

Knowledge and skills.

The student demonstrates professional standards/employabiligy sKills.as required by business and
industry. The student is expected to:

5

demonstrate knowledge of how to dress appropriately, speak politelyand“conduiet ones’ self in a
manner appropriate for the profession;

=

show the ability to cooperate, contribute, afid’collaborate as a member of a group in an effort to
achieve a positive collective outcome;

°

present written and oral communicdtion.in a cleaifconeisepand effective manner:;

S

demonstrate time management skills in‘Qriokitizing tasks, folloWing schedules, and performing goal-
relevant activities in a way _thatspreduces efficient results; and

@

demonstrate punctualityf, dependability, xeliabilityand responsibility in performing assigned tasks as
directed.

The student, for at least 40%:0f instructional time, conducts laboratory and field investigations using safe,
environmentally appropriate, and ethical practices. These investigations must involve actively obtaining
and analyzing data with physical equipment; but may also involve experimentation in a simulated
environment as well as field observations that extend beyond the classroom. The student is expected to:

(A)

demonstrate safe practices during laboratory and field investigations, including chemical, electrical,
and fire safety, and safe handling of live and preserved organisms;

(B)

demonstrate an understanding of the use and conservation of resources and the proper disposal or
recycling of materials;

(©)

demonstrate appropriate safety procedures, guidelines, and chemical hygiene plan;
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(D) maintain required safety training, including location and understanding of interpretation of material
safety data sheets;

) comply with federal and state safety regulations as specified by Occupational Safety and Health
Administration and other regulatory agencies as appropriate;

(F identify and obey safety symbols and signs;

(G) maintain clean and well organized work areas;

(H) dispose of equipment, glassware, and biologics according to laboratory policies;

m recognize common laboratory hazards;

) observe procedures for the safe use of instruments, gas cylinders, and chemicals; and

(K) maintain safety and personal protection equipment.

@)3) The student uses scientific methods and equipment during laboratory and field investigations. The student
is expected to:

A know the definition of science and understand that it has dimitations, as specified in subsection (b)(3) | May need to change notation to subsection

(A) of this section; if 3, 4, 5, 6 are changed above.
know that scientific hypotheses are tentative and testable statements that must be:capable of being

(B) supported or not supported by observational evidence. Hypotheses©f durable explanatory power
which have been tested over a wide variety.of conditions are incorporated into theories;
know that scientific theories are based.on natural and physical phenomena and are capable of being

©) tested by multiple independent researchers. Unlikehypotheses, scientific theories are well-established
and highly-reliable explanations, butthey. may be subject to change as new areas of science and new
technologies are developed,;

(D) distinguish between scientific hypotheses and scientific theories;

(E) plan and implement investigative procedures, including asking questions, formulating testable
hypotheses, and selecting, handling, and maintaining appropriate equipment and technology;
collect data individually or. collaboratively, make measurements with precision and accuracy, record

(F values using appropriate units, and calculate statistically relevant quantities to describe data,
including mean, median, and range;

(G) demonstrate the use of course apparatus, equipment, techniques, and procedures;

(H) organize, analyze, evaluate, build models, make inferences, and predict trends from data;

m perform calculations using dimensional analysis, significant digits, and scientific notation; and
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communicate valid conclusions using essential vocabulary and multiple modes of expression such as
) lab reports, labeled drawings, graphic organizers, journals, summaries, oral reports, and technology-
based reports.
N0 The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions
within and outside the classroom. The student is expected to:
in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical
A) evidence, logical reasoning, and experimental and observational testing, including examining all
sides of scientific evidence of those scientific explanations, so as to encourage critical thinking.by the
student;
(B) communicate and apply scientific information extracted from various sources such as current events,
news reports, published journal articles, and marketing materials;
(© draw inferences based on data related to promotional materials for products and services;
(D) evaluate the impact of research and technology on scientific thought, society;@and the environment;
(E) describe the connection between biotechnology and future<careers; and
(F research and describe the history of biotechnology and contributions of scientists.
43(5) | The student explores the emerging field of biotechnology. The student is expected to:
define biotechnology and provide examples ofdigtechnology preducts such as recombinant proteins,
(A) fermented foods, biopharmaceuticals and.genetically modified f00ds as-related-to-new-and-emerging
Semtones
(B) apply scientific processes and concéptSoutlined il theshexas.Esseltfal Knowledge and Skills (TEKS)
for Biology relevant to biotechnology;
B)(C) explore-engineering-and-biokatermatics-explore applications of bioinformatics such as DNA
barcoding, phylogeneticdelationshipsand the'useof online databases;
©)
research career opportunities in fields such as molecular, forensic, medical, regulatory, and Previous reviewer suggested deleting the
agricultural biotechnology. term regulatory for career options.
D Regulatory should be left. Careers in quality
(©) assurance, clinical trials and GMP
manufacturing fall under this options and
should be included.
(E) research the history of biotechnology and contributions of scientists; Moved from 3 (F)
define bioethics and research applications of bioethics; Added. Needs to be broken out further.
(F) Currently no mention of bioethics in any of
the biotech courses

Biotechnology |

53




research applications in agricultural biotechnology such as tissue culturing, genetically modified foods,

In addition to STEM, this course is taught

(G) plant propagation and hydroponics; and in a health science and ag sequence.
Students should be familiar with all fields.
(H) research applications in medical biotechnology such as vaccines, stem cells, microarrays and
pharmaceutical production.
) The student summarizes biotechnology laboratory procedures and their applications in the bieteehnology
industry. The student is expected to:
(A) identify the major sectors of the biotechnology industry:;
(B) categorize the biotechnology laboratory procedures included in each sector; and
© compare the different applications used in biotechnology laboratory procedus€s ot each sector.
&) Covered in 5B
A
B)
)
B}
&
>
{6)(7) | The student understands the role of genetics in the biotechnology industry. The student is expected to:
A) explain terms related to/molecular biology such-as.including nucleic acids, nitrogen bases, amino Terms are important to know all for basic
acids, transcription, translation, polymerase, and protein synthesis; knowledge and understanding.
®B) describe the structure and function of DNA and RNA in eukaryotic and prokaryotic cells efa
nucleotide;
©) dentify compare and contrast the nitrogen bases of DNA deoxyribenueleic-acid and RNA Industry terminology
ribonucleic-acid,
(D) explain how nucleotides join together to form a double-helical-deaxyribonucleic-acid-melecule DNA | Should use industry standard terminology
double helix;
£ describe the deexyribenucleic-acid- DNA and-ribonueleic-acid replication process in euakytoic and Ribonucleic acid does not replicate in a cell
(E) under normal conditions

prokaryotic cells;
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(F) illustrate the process of protein synthesis;

©) define-genome-and-gene-expression;-describe the structure and function of proteins, including 3D

folding, enzymes and antibodies;

) moved
& SR e e te ke e s s s el Vague. Better defined section 4
@) The student analyzes the importance of recombinant deoxyribonucleic acid technology and genetic
engineering. The student is expected to:
(A) define describe the fundamental steps in recombinant deoxyribonucleic acid technology
(B) explain how recombinant deoxyribonucleic acid technology is used to clone genes and create
recombinant proteins;
(© explain the role of tissue cultures to genetic modification procedures;
propagate describe plant- and animal-tissue cultures procedure; Requires sophisticated, costly equipment
(D) and many schools may not be able to afford
it.
maintain compare and contrast proper growing conditions for plant and animal tissue cultures; Requires sophisticated, costly equipment
(E) and many schools may not be able to afford
it.
R explain the role of restriction enzymes; and-plasmig-deoxyriborueleic-acid:
©) deseribe-the distinguish between vectars commonly/used in biotechnology for DNA insertion,

including plasmids, retroviruses and bacteriophage veetoxs:

(H) diseuss explain the steps and components of the polymerase chain reaction and-its-appheation-n
recombinant-deoxyribonucleic-acid technolegy; and

& perform-restriction-digests In wrong place. Moved to 9H

The student examines federal, state, local, and industry regulations as related to biotechnology. The
)9 : .
student is expected to:

discuss the relationship between the local, state, and federal agencies responsible for regulation of the
biotechnology industry; and

(A)

®B) analyze policies and procedures used in the biotechnology industry such as animal-research
laborateries-guality assurance, SOPs, GMPs and ISO guality systems

£9)(10) | The student performs standard biotechnology laboratory procedures. The student is expected to:
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identify and operate laboratory equipment sueh-as including a microscope, thermocycler, hood, pH Must know and use all of these to fulfill
(A) meter, hot plate stirrer, balance, mixers, autoclave, power supply, shakers-dry-heat-oven—ineubators. | SKills
and-Bunsen-burners; micropipette, centrifuge and electrophoresis unit;
(B) practice measuring volumes and weights to industry standards;
©) analyze data and perform calculations and statistical analysis as it relates to biotechnology daboratory
experiments;
(D) demonstrate and-show proficiency -titration-and pipetting techniques;
) identify microorganisms using staining methods such as the Gram stain, methylene-blue stain, and Not for STEM, but leave for health science
acid-fast staining; course
() document laboratory results; and
investigate-how-laboratory-techni Doesn’t fit here. Not a lab procedure.Move
) t0???7?
(G) prepare a restriction digest and analyze results using gel glectrephoresis.
{£0)(11) | The student prepares solutions and reagents for the biotechnology. laboratory. The student is expected to:
(A) practice-aseptic-technique; demonstrate techniques for establishing afnd'matntaining a sterile work
area;
(B) prepare, dispense, and monitor physical properties of stock reagents, buffers, media, and solutions;
(© calculate and prepare a dilution series; and
(D) determine acceptability-and optimum conditionsof reagents forexperimentation.
£1(12) | The student performs advanced biotechnology: laboratory procedures. The student is expected to:
(A) explain the importance of media components to the outcome of cultures;
(B) isolate, maintain, and store pure bacterial cultures;
(© prepare seed inoculum;
(D) perform plating techniques such as the Kirby-Bauer method;
(E) precipitate-and-solubilizeprotels;-analyze proteins using techniques such as ELISA,
spectrophotometry and SDS-PAGE;
(F) isolate a specific proteins from a biological sample using chromatography;
) (G) isolate nucleic acids and interpret proteins-using gel electrophoresis results; and
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perform-nucleic-acid-sequencingproecedures—perform a bacterial transformation and analyze gene

Not possible to perform DNA sequence in

(&) (H) expression; and the classroom
0] amplify a DNA sequence using the polymerase chain reactions.
@a2(13) The student conducts quality-control analysis while performing biotechnology laboratory procedures. The
student is expected to:
(A) perform validation testing on laboratory reagents and equipment; and
analyze data and perform calculations and statistical analysis on results of quality-control samples
(B) lyze data and perf Iculat d statistical anal Its of qualit trol |

such as trending of data.

Moved up
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TEKS with edits Committee Comments
General requirements. This course is recommended for students in Grades 11-12. Prerequisite: Biotechnology I1 has been as the next
Biotechnology | and Chemistry. To receive credit in science, students must meet the 40% laboratory and | course sequence for further biotechnology
(@) fieldwork requirement identified in 874.3(b)(2)(C) of this title (relating to Description of a Requi study. This course will remain as an

Secondary Curriculum). This course satisfies a high school science graduation requirement. advanced science credit as described in
HB5

(b) Introduction.

CTE instruction provides content aligned with challenging academic standards and

[¢D)] knowledge and skills for students to further their education and succeed in curre
professions.
The Science, Technology, Engineering, and Mathematics (STEM) Career.
@ managing and providing scientific research and professional and technical hysical science,
social science, engineering) including laboratory and testing services, and rese
Services.
The course has the components of any rigorous scientific or biG
3) problem identification, investigation design, data collection, dat
of the conclusions. This course applies the standard skills mastere
design. After taking this course, students should be
Nature of science. Science, as defined by the ces, is the "use of evidence to
construct testable explanations and predictig ell as the knowledge generated
4) through this process." This vast body of chan ¢ te is described by physical,
mathematical, and conceptual models. Stu@ g guestions are outside the realm of
science because they deal with phenomena th3 scientifically testable.
Scientific inquiry. Scientific inglin . deliberate investigation of the natural world.
(5) Scientific methods of investi iptive, or comparative. The method chosen

ng is a way of answering guestions about the natural
een scientific decision-making methods (scientific
olve science (the application of scientific information).

ptific decision
distinguish b
jons t

Science and social ethics.
(6) world. Students should be ab
methods) and ethical and social '@

Science, systems, and models. A sy a collection of cycles, structures, and processes that interact.
All systems have basic properties that can be described in space, time, energy, and matter. Change and
constancy occur in systems as patterns and can be observed, measured, and modeled. These patterns help
to make predictions that can be scientifically tested. Students should analyze a system in terms of its
components and how these components relate to each other, to the whole, and to the external
environment.
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Students are encouraged to participate in extended learning experiences such as career and technical

() student organizations and other leadership or extracurricular organizations.
© Statements that contain the word "including" reference content that must be mastered, while those
containing the phrase "such as" are intended as possible illustrative examples.
(€) Knowledge and skills.
The student demonstrates professional standards/employability skills as required by busines
industry. The student is expected to:
A Demonstrate knowledge of how to dress appropriately, speak politely, and condu
manner appropriate for the profession.
B) Show the ability to cooperate, contribute, and collaborate as a member of a
achieve a positive collective outcome.
Q) Present written and oral communication in a clear, concise, and effecti
(D) Demonstrate time management skills in prioritizing tasks, following sc
relevant activities in a way that produces efficient results; and
Demonstrate punctuality, dependability, reliability, and responsibility in per g assigned tasks as
(E) :
directed.
The student, for at least 40% of instructional time, conducts labt i ns using safe,
environmentally appropriate, and ethical practices. These investi@ acti obtaining
and analyzing data with physical equipment, but may also involve
environment as well as field observations that ex
(A) demonstrate safe practices during labora
demonstrate an understanding of the
(B) : :
recycling of materials.
The student uses a systematic appLe ar scientific laboratory and field investigative guestions.
3) : :
The student is expected to:
know the definition qf (Yt has limitations, as specified in subsection (b)(1)
of this section
know that scientific hyp@ nd testable statements that must be capable of being
(B) supported or not supported evidence. Hypotheses of durable explanatory power
which have been tested over a
know that scientific theories are based on natural and physical phenomena and are capable of being
tested by multiple independent researchers. Unlike hypotheses, scientific theories are well-established
and highly-reliable explanations, but may be subject to change as new areas of science and new
technologies are developed:;
(D) distinguish between scientific hypotheses and scientific theories;

Biotechnology Il

59




design and implement investigative procedures, including making observations, asking well-defined

(E) guestions, formulating testable hypotheses, identifying variables, selecting appropriate equipment and
technology, and evaluating numerical answers for reasonableness;
collect and organize qualitative and guantitative data and make measurements with accuracy and
precision using tools such as calculators, spreadsheet software, data-collecting probes, comp

F) standard laboratory glassware, microscopes, various prepared slides, stereoscopes, metric
electronic balances, gel electrophoresis apparatuses, micropipettors, hand lenses, Celsi
thermometers, hot plates, lab notebooks or journals, timing devices, cameras, and

[(S)) analyze, evaluate, make inferences, and predict trends from data;

(H) identify and quantify causes and effects of uncertainties in measured data;

0) organize and evaluate data and make inferences from data, including t
graphs; and
communicate valid conclusions supported by the data through various me

[8)] labeled drawings, graphic organizers, journals, summaries, oral reports, and
reports.

() The student uses critical thinking, scientific reasoning, and prob 0 ton i d decisions

within and outside the classroom. The student is expected to:

in all fields of science, analyze, evaluate, and cri ientifi ations by using empirical

A evidence, logical reasoning, and experime i ing, including examining all
sides of scientific evidence of those scie courage critical thinking by the
student;

(B) communicate and apply scientific infor OUS sources such as current events,
news reports, published journal articles, a

© draw inferences based o
explain the impacts g

0) scientists on scienti

(E) research and describe th
express and interpret relatio

F) predictions and solve problems atically, including problems requiring proportional reasoning
and graphical vector addition.

) The student formulates hypotheses to quide experimentation and data collection. The student is expected

to:
(A) perform background research with respect to an investigative problem; and
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(B) examine hypotheses generated to guide a research process by evaluating the merits and feasibility of
the hypotheses.

(6) The student analyzes published research. The student is expected to:

(A) identify the scientific methodology used by a researcher;

(B) examine a prescribed research design and identify dependent and independent variables;

©) evaluate a prescribed research design to determine the purpose for each of the proced
and

(D) compare the relationship of the hypothesis to the conclusion.

(@] The student develops and implements investigative designs. The student is ex

(A interact and collaborate with scientific researchers and/or other mem community
to complete a research project;

(B) identify and manipulate relevant variables within research situations;

© use a control in an experimental process; and

(D) design procedures to test hypotheses.

®) The student collects, organizes, and evaluates qualitative and qua

experimentation. The student is expected to:

(A) differentiate between qualitative and quan

(B) record observations as they occur wi
acquire, manipulate, and analyze data , e i and technology following the

©) lat d analyze dat d technology foll th
rules of significant digits;

(D) identify sources of randox * or and differentiate between both types of error;
report error of a set g . including standard deviation and percen

G) t f a set of lud tandard deviat d t
error;

(F) construct data tables to O ize i ion collected in an experiment; and

[(S)) evaluate data using statistica 3cognize patterns, trends, and proportional relationships.

©) The student knows how to synthesize g conclusions from qualitative and quantitative data. The

student is expected to:

(A) synthesize and justify conclusions supported by research data;

(B) consider and communicate alternative explanations for observations and results; and

© identify limitations within the research process and provide recommendations for additional research.

Biotechnology Il

61




The student communicates conclusions clearly and concisely to an audience of professionals. The student

10 -

19 is expected to:
construct charts, tables, and graphs in facilitating data analysis and in communicating experimental

(A) results clearly and effectively using technology, including oral presentation of original findings of a
research project to an audience of peers and professionals; and

(B) suggest alternative explanations from observations or trends evident within the data or fr,
provided by a review panel.

(11) The student explores assay design in the field of biotechnology. The student is expect

(A) define assay requirements and optimizations;

(B) perform statistical analysis on assay design and experimental data such

sustainability, limit of detection, R2 values;

determine an unknown protein concentration using techniques such as a
spectrophotometer; and

use a colorimetric assay to evaluate enzyme Kinetics.

The student explores protein expression systems in the field of B

perform a recombinant protein production such as GFP;

and
analyze protein purification methods , AGE and Western blotting.
The student conducts quality-control analy: i nology laboratory procedures. The

student is expected to:

perform validation testing

B |B|E |6l |B|E|B| B

analyze data and per i isti alysis on results of quality-control samples
such as trending of @

apply and create industr g standard operating procedures (SOPs) and validation
©€)

forms.
(14) The student prepares solutions and or the biotechnology laboratory. The student is expected to:
(A) demonstrate techniques for establishing and maintaining a sterile work area;
(B) prepare, dispense, and monitor physical properties of stock reagents, buffers, media, and solutions;
©) calculate and prepare a dilution series;
(D) determine acceptability and optimum conditions of reagents for experimentation; and
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prepare multi-component solutions of given molarity, and/or concentration and volume.
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8130.375. Principles-of Engineering_Science (One Science Credit).

TEKS with edits Committee Comments

General requirements. This course is recommended for students in Grades £110-12. Prerequisite —
Algebra | and 1 science credit. Recommended — Geometry To receive credit in science, students must
(@) meet the 40% laboratory and fieldwork requirement identified in §74.3(b)(2)(C) of this title (relating to
Description of a Required Secondary Curriculum). This course satisfies a high school science.graduation

requirement.

(b) Introduction.
CTE instruction provides content aligned with challenging academic standards andscelévant technical
aQ knowledge and skills for students to further their education and succeed in curredt ©r emerging
professions.

The Science, Technology, Engineering, and Mathematics (STEM) CareerfCluster focusés ©n planning,
managing and providing scientific research and professional and technical'seruices (€.9:; physical science,

@ social science, engineering) including laboratory and testing services, and researeh and development
Services.
Principles-of Engineering Science. Engineering Science is an ‘engineering-su+vey course designed to In the course-specific paragraph (after CTE
expose students to some of the major concepts and technologies that they willencounter.in a and cluster paragraphs), include verbiage to

the effect that “a focus of the course is
problem-solving, measurement, and
experimentation skills.”

postsecondary engireering eeurse program of study in any engineering demain. Students have an
opportunity to investigate engineering and high-tech.careers. In Peiaeigles-of Engineering Science,
£)(3) | students will employ science, technology, enginéering, and math ergireering-and-seientifie concepts in

the solution of real-world challenge situations. engineerthg-desighpreblems: Students will develop
problem-solving skills and apply their knoewledge of research and design to create solutions to various

challenges. Students will also learn how to document.theirwork-and communicate their solutions to their
peers and members of the professional community:

Nature of science. Science, as defined by the National Academy of Sciences, is the "use of evidence to
construct testable explanations and predictions of natural phenomena, as well as the knowledge generated
2)(4) | through this process." This vast body of changing and inereasing knowledge is described by physical,
mathematical, and conceptual models. Students should know that some questions are outside the realm of
science because they deal with phenomena that are not scientifically testable.

Scientific inquiry. Scientific inquiry is the planned and deliberate investigation of the natural world.
£3)(5) | Scientific methods of investigation are experimental, descriptive, or comparative. The method chosen
should be appropriate to the question being asked.

Science and social ethics. Scientific decision making is a way of answering questions about the natural
{43(6) | world. Students should be able to distinguish between scientific decision-making methods (scientific
methods) and ethical and social decisions that involve science (the application of scientific information).
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Science, systems, and models. A system is a collection of cycles, structures, and processes that interact.
All systems have basic properties that can be described in space, time, energy, and matter. Change and
constancy occur in systems as patterns and can be observed, measured, and modeled. These patterns help

&0 to make predictions that can be scientifically tested. Students should analyze a system in terms of its
components and how these components relate to each other, to the whole, and to the external
environment.

®) Students are encouraged to participate in extended learning experiences such as career anddechnical
student organizations and other leadership or extracurricular organizations.
© Statements that contain the word "including" reference content that must be mastered, While those
containing the phrase "such as" are intended as possible illustrative examples.
(c) Knowledge and skills.
The student demonstrates professional standards/employability skills as #equired by business and
industry. The student is expected to:
(A demonstrate knowledge of how to dress appropriately, speak politely, andieonduct ones’ self in a
manner appropriate for the profession.
B) show the ability to cooperate, contribute, and collaborate{@asa member of a grotp ihan effort to
achieve a positive collective outcome.
©) present written and oral communication in a clear, concise,\and effective manner;
demonstrate time management skills in prioritizing tasks, followin@ schedules, and performing goal-
relevant activities in a way that produces efficient results; and
demonstrate punctuality, dependability, 4€liability, and responsiBility in performing assigned tasks as
(E) :
directed.
@) Scientific processes. The student, for at least. 40% of.nstructionaltime, conducts laboratory and field
investigations using safe, environmentally apprepriate, and ethical practices. The student is expected to:
(A) demonstrate safe practicesduring laboratory.and field investigations; and
®) demonstrate an understanding of the use and conservation of resources and the proper disposal or
recycling of materials.
3) Scientific processes. The student uses scientific methods and equipment during laboratory and field
investigations. The student is expected to:
A) know the definition of science and understand that it has limitations, as specified in subsection (b)(2)
of this section;
know that hypotheses are tentative and testable statements that must be capable of being supported or
(B) not supported by observational evidence. Hypotheses of durable explanatory power which have been

tested over a wide variety of conditions are incorporated into theories;
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know scientific theories are based on natural and physical phenomena and are capable of being tested

©) by multiple independent researchers. Unlike hypotheses, scientific theories are well-established and
highly-reliable explanations, but they may be subject to change as new areas of science and new
technologies are developed,;

(D) distinguish between scientific hypotheses and scientific theories;

E) plan and implement descriptive, comparative, and experimental investigations, including asking
questions, formulating testable hypotheses, and selecting equipment and technology;
collect and organize qualitative and quantitative data and make measurements with accuracy and
precision using tools such as spreadsheet software, data-collecting probes, computers, standard

G laboratory glassware, microscopes, various prepared slides, animal restraints, Stereoscopes, electronic
balances, micropipettors, hand lenses, surgical and imagining equipment, thermometers, hot plates,
lab notebooks or journals, timing devices, Petri dishes, lab incubators, dissection equipment, and
models, diagrams, or samples of biological specimens or structures;

(G) analyze, evaluate, make inferences, and predict trends from data; and

(H) communicate valid conclusions supported by the data through'methods such as lab.reports, labeled
drawings, graphic organizers, journals, summaries, oral reports, and technology-based, reports.

@) Scientific processes. The student uses critical thinking, scientific reasoning, and problem solving to make

informed decisions within and outside the classroom. The student is expected to:

in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical

(A) evidence, logical reasoning, and experimental and observationaltesting, including examining all
sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the
student;

®) communicate and apply scientific information extracted from various sources such as current events,
news reports, published journal articles, and‘marketing materials;

(© draw inferences based on data related to promotional materials for products and services;

(D) evaluate the impact of scientific research'on society and the environment; and

(E) evaluate models according to their limitations in representing objects or events.;-and

i) ?? Is this part of the science foundation that

is necessary to meet science standards?
(5) Principles of engineering. The student investigates engineering-related fields and career opportunities.
The student is expected to:
A) Doesn’t fit here and is a duplicate of 3E
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(B)

differentiate between engineering and engineering technology;

Broadened to include the differences

© SeREH) _- oEPE - available i : - i . - - ) . ys.compare the roles between eng, eng tech and pure scientific
or job descriptions in the fields of a pure science, engineering, and engineering technology: advancement
(D) identify and differentiate among different engineering disciplines; and
(E) demonstrate appropriate oral, written, and visual forms of technical communication.
Design problems. The student demonstrates an understanding of design problems and works individually
(6) - - :
and as a member of a team to solve design problems. The student is expected to:
(A) solve design problems individually and in a team;
(B) create solutions to existing problems using a design process;
(© use a design brief to identify problem specifications and establish project.constraints;
(D) use communication to achieve a desired goal within a team; and
E) work as a member of a team to conduct research to developa,knowledge base, stimulate creative
ideas, and make informed decisions.
Energy and power. The student understands mechanisms, including simple and compound machines, and
(7) performs calculations related to mechanical advantage, drive ratios, work, and power. The student is
expected to:
A) explain how components, including gears, sprockets, pulley systems, and simple machines, make up
mechanisms;
(B) distinguish between the six simple machines and their attributes and components;
© measure forces and distances related to a mechanism;
(D) calculate work and power in mechanical systems;
(E) determine experimentally efficiency in mechanical systems; and Adds more laboratory component
(F) calculate mechanical*advantage and drive ratios of mechanisms.
Energy and power. The student understands.energy sources, energy conversion, and circuits and performs
(8) ; : )
calculations related to work and power. The student is expected to:
(A) identify and categorize energy sources as nonrenewable, renewable, or inexhaustible;
(B) define and calculate work and power in electrical systems; For parallelism with 6D
(© calculate power in a system that converts energy from electrical to mechanical; and
(D) define voltage, current, and resistance and calculate each using Ohm's law.
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Energy and power. The student understands system energy requirements and how energy sources can be
combined to convert energy into useful forms. Fhe-studentcaleulates material-conductivity,resistance;
9) and-energy-transfer: The student understands the relationships among material conductivity, resistance
and geometry in order to calculate energy transfer and determine power loss and efficiency. The student
IS expected to:

(A) explain the purpose of energy management;

(B) evaluate system energy requirements in order to select the proper energy source;

(© explain how multiple energy sources can be combined to convert energy into useful forms;

(D) describe how hydrogen fuel cells create electricity and heat and how solar cells create electricity;

) 23?;5:; ad analyze exptain how thermal energy is trasferred via convectlon conduction, and Adds more laboratory component

(F) analyze how thermal energy transfer is affected by conduction, R-values, and radiation; and

calculate resistance, efficiency, and power-energy-transfer,-in power transmissien and distribution SE is unclear. The breakout will show why.

F©) applications for various material properties.and-material-coRgiietivity.

Materials and structures. The student understands the interaction of forces acting on a body and performs

(10) calculations related to structural design. The student is expected to:

(A) illustrate,-and calculate, and experimentally measure all forces acting upon a given body; Adds more laboratory component
(B) locate the centroid of structural members‘mathematically or experimentally;

© calculate moment of inertia of structural members;

(D) define and calculate static equilibrium;

(E) differentiate between scalar.andwector quantities;

(F identify properties of asvector, including:magnitude, and direction;and-sense efa-veetor;

(G) calculate the X and 'Y components given a vector;

(H) calculate moment forces given a specified axis;

) calculate unknown forces using equations of equilibrium; and

Q) calcqlate extern'al gnd intern_al forces in a statically determinate truss using translational and

rotational equilibrium equations.

(11) Materials and structures. The student understands material properties and the importance of choosing

appropriate materials for design. The student is expected to:
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conduct investigative non-destructive material property tests on selected common household

A
(A) products;
(B) calculate and measure the weight, volume, mass, density, and surface area of selected common Adds more laboratory component
household products; and
(© identify the manufacturing processes used to create selected common household products.
(12) Materials and structures. The student uses material testing to determine a product's function and
performance. The student is expected to:
(A) use a design process and mathematical formulas to solve and document designqroblems;
(B) obtain measurements of material samples such as length, width, height, mass;
(© use material testing to determine a product's reliability, safety, and predictability in function;
(D) identify and calculate test sample material properties using a stress-strain eurve;and
identify and ealeulate compare measurements and calculations of sample material properties such as | Adds more laboratory component
(E) elastic range, proportional limit, modulus of elasticity, elastic limit, resilience, yield point, plastic

deformation, ultimate strength, failure, and ductility using stress-Strain data points.

Control systems. The student understands that control systems are designed to provide consentient

(13) process control and reliability and uses computer software to create flowcharts and control system

operating programs. The student is expected to:

(A) create detailed flowcharts using a computer software application;
(B) create control system operating programs using computer software;
© create system control programs that use flewchart logic;
(D) select appropriate inputs and-output devices based on the need of a technological system; and
E) judge between open- and closed-loop systems in order to select the most appropriate system for a
given technologicalproblem.
Materials and structures. The student demonstrates an understanding of fluid power systems and
(14) . . . ;
calculates values in a variety. of.systems. The/student is expected to:
(A) identify and explain basic compenents‘and functions of fluid power devices;
(B) differentiate between pneumatic and hydraulic systems and between hydrodynamic and hydrostatic
systems;
© use Pascal's Law to calculate values in a fluid power system;
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distinguish between gauge pressure and absolute pressure and between temperature and absolute

velocity.

©) temperature;

(E) calculate values in a pneumatic system using the perfect ideal gas laws; and

(F calculate flow rate, flow velocity, and mechanical advantage in a hydraulic system.

(15) Stati_stics ahe-kinematies. The student demc_)nstra_ltes an gnderstanding of statistics and—kmemaﬂesr_ i . _ and
applies the concepts beth to real-world engineering design problems. The student is expected to:

(A) calculate the theoretical probability that an event will occur;

(B) calculate the experimental frequency distribution of an event occurring;

© apply the Bernoulli process to events that only have two distinct possibleutcomes;

(D) apply AND, OR, and NOT logic to solve complex probability scenarios;

(E) apply Bayes's theorem to calculate the probability of multiple events oceurring;

(F) calculate the central tendency of a data array, including mean, median, and mode;

(G) calculate data variation, including range, standard deviation, and variance;

(H) create a histogram to illustrate frequency distribution;

m . :

&

&<

AR

(16) Kine_matics. The student demonstrates_ an u_nderstapdinq of kinematics in one_and two dimensions and Separated kinematics from statistics to
applies the concepts to real@morid enginegrihg desigapkoblems. The student is expected to: better clarify concepts

(A) calculate distance 4displacement, speed, Velocity, and acceleration from data;

(B) calculate experimentally the acceleration due to gravity given data from a free-fall device; Adds experimental to help satisfy _

requirement of 40% laboratory instruction
(93] calculate the X and Y componenis ofd@ projectile motion; and
(D) determine the angle needed to latach a projectile a specific range given the projectile's initial
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8130.367. Engineering Mathematics (One Viathematics Credit).

TEKS with edits Committee Comments

General requirements. This course is recommended for students in Grades 11-12. Prerequisite: Algebra
(@) - o . ! i . .
I1. This course satisfies one high school mathematics credit for graduation requirements.

Introduction.

(b)

CTE instruction provides content aligned with challenging academic standafds’and relevant technical
Q) knowledge and skills for students to further their education and succeeddf €urrent or emierging

professions.

The Science, Technology, Engineering, and Mathematics (STEM) Career Cluster fecuses on planning,
managing and providing scientific research and professional adéhtechnical services (€., physical science,
social science, engineering) including laboratory and testing services, ané.research and development
Services.

Engineering Mathematics is a course where students solve and model +gbetic design problems while Moved from introduction so it has changes
emphasizing-the-mathematical-applications. Students Use a variety of mathematical methods and models | in colors. Follows introduction format.

to represent and analyze problems invelving that represent.a range of real-world engineering applications
such as robotics, data acquisition, spatial applications, electrical measurement, manufacturing processes,
materials engineering, mechanical drives, pneumatics,qrocess control'systems, quality control, and
robeties-with and computer programming.

Mathematical processing skills. The process Stan@ards describe ways in which students are expected to
engage in the content. The plagément ofithe processistandards at the beginning of the knowledge and
skills listed for each grade afid course 1S\inténtionali The process standards weave the other knowledge
and skills together so thatsttidents may be ‘suceessful problem solvers and use mathematics efficiently
and effectively in dailydlife. The process standards are integrated at every grade level and course. When
possible, students will apply-mathematics to preblems arising in everyday life, society, and the
workplace. Students will use@ problem-solving model that incorporates analyzing given information,
formulating a plan or strategy, detésminingdasolution, justifying the solution, and evaluating the problem-
solving process and the reasonableness.ef the solution. Students will select appropriate tools such as real
objects, manipulatives, paper and peneil,’and technology and technigues such as mental math, estimation,
and number sense to solve problems. Students will effectively communicate mathematical ideas,
reasoning, and their implications using multiple representations such as symbols, diagrams, graphs, and
language. Students will use mathematical relationships to generate solutions and make connections and
predictions. Students will analyze mathematical relationships to connect and communicate mathematical
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ideas. Students will display, explain, or justify mathematical ideas and arguments using precise
mathematical language in written or oral communication.

Students are encouraged to participate in extended learning experiences such as career and technical

6) student organizations and other leadership or extracurricular organizations.
) Statements that contain the word "including" reference content that must be mastered, whil
containing the phrase "such as" are intended as possible illustrative examples.
(c) Knowledge and skills.
) The student demonstrates professional standards/employability skills as require
industry. The student is expected to:
(A demonstrate knowledge of how to dress appropriately, speak politely,
manner appropriate for the profession;
®) show the ability to cooperate, contribute, and collaborate as a membe
achieve a positive collective outcome;
[(9) present written and oral communication in a clear, concise
(D) demonstrate time management skills in prioritizing tasks,
relevant activities in a way that produces efficient results; @
G demonstrate punctuality, dependability, reliability, and resp pg assigned tasks as
directed.
@ Mathematical process standards. The student u i 8Ses to acquire and demonstrate
mathematical understanding. The student is g
(A) apply mathematics to problems arising e workplace;
use a problem-solving model that inc@ ation, formulating a plan or
(B) strategy, determining a solution, jus ting the problem-solving process
and the reasonableness of the_s@luiti
select tools, including rea paper and pencil, and technology as appropriate,
©) and techniques, includ d number sense as appropriate, to solve
problems;
(D) communicate mathe and their implications using multiple representations,
including symbols, diagh
(E) create and use representatio cord, and communicate mathematical ideas;
(F) analyze mathematical relation
©) display, explain, and justify mathematical ideas and arguments using precise mathematical language in
written or oral communication.
@) The student uses mathematically based hydraulics concepts to measure and find pump output, understand

pressure versus cylinder force, and understand flow rate verses cylinder speed. The student is expected to:
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(A)

explain how flow rate can be measured in gallons per minute and liters per minute;

(B) calculate and record data using actual flow rates from a flow meter chart;
©) calculate, measure, and illustrate the force output and speed of an extending and retracting cylinder;
and
(D) determine and depict the stroke time of a cylinder in gallons per minute.
The student uses mathematical concepts of structure design to define and describe staticsyacquire data,
2)(4) | apply concepts of moments and bending stress, and apply concepts of truss design and@analysis. The
student is expected to:
(A) calculate a resultant force;
(B) apply the concept of equilibrium to force calculations;
© calculate a force using a free-body diagram;
(D) develop an application .of strain gauges that determines mathematically and experimentally the force
on a structural element;
(E) calculate the magnitude of force applied to a rotational system;
(F apply the moment equilibrium equation to force calculations;
(©)) calculate, measure, and illustrate a bending moment.on a beam;
(H) determine and depict the bending stress in a beam;
M calculate forces in truss using a six-step problem-selving method;
)] apply modulus of elasticity to the deflection ofbeams;
(K) calculate a beam deflection foragiven load;
(L) determine and depict the eritical load for.buckling using Euler's formula; and
(M) design and apply factors of safety to column and beam design.
£3}(5) | The student understands the properties of trigonometry in spatial applications. The student is expected to:
(A) apply trigonometric ratios, including sine, cosine, and tangent, to spatial problems; and
(B) determine the distance and height of remote objects using trigonometry.
General thought to adapt this section to
The student understands the concepts of design processes with multi-view computer-aided drafting and make it open to a wider range of design
4)(6) | design drawings for facilities layouts, precision part design, process design, injection mold design, and tools and manufacturing concepts such as

computer-aided manufacturing fortathe,as applied to processes utilizing 3D printing, laser cutting, and

laser cutting and 3D printing. Committee 2
made some similar wording changes for one
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computer numerical control manufacturing process. and-tjection-mold-design. The student is expected

of their courses. Could get some

to: information from them on wording.
(A) determine a dimension of an object given a scaled drawing having no dimensions;
(B) compare and contrast the function of production time and production rate;
©) calculate-anabyze; and apply the proper cycle time and analyze machines required to meet<@ specified
production rate;
(D) demonstrate the calculation and application of output shaft speed and torque in a gear train;
(E) create a method to determine the direction of a gear train's output shaft;
(F design a spur gear train given speed and torque requirements;
calculate and apply the proper spacing between the centers of gears in‘a gear train to‘aspecified
(G) .
tolerance;
(H) apply positional tolerances to assembled parts;
) predict the production cost of a product given process infarmation and a bill of materials;
J) apply the correct spindle speed for a computer-aided manufacturing device by calculation;
(K) apply the correct feed rate for a computer-aided manufacturing device by using calculation;
(L) calculate the pressure drop in an injection mold system:;
(M) design a gate size in an injection mold system using the gate width and depth formulas;
(N) determine the size of a mold; and
(O) create size runners for a multi-cavity mold:
Y1) The student calculates electronic quantities and uses.electrical measuring instruments to experimentally
test their calculations. The student is expected to:
(A) apply common elegctronic formulas to solve problems;
(B) use engineering notation to properly describe calculated and measured values;
(© compare and contrast the mathematical differences between a direct current and alternating current;
show the effect and give an application of an inductor in an alternating current circuit and-give-an
(D) A
application;
show the effect and give an application of a capacitor in an alternating current circuit ane-give-an
(E)  natinn:
aophentien;
(F) create a resistive capacitive timing circuit in a time-delay circuit;
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(G)

calculate the output voltage and current load of a transformer;

calculate the effective alternating current voltage root mean square given the peak alternating current

H . .
(H) voltage and the peak alternating current voltage given the root mean square value; and
M calculate the cost of operating an electric motor.
The student applies mathematical principles of pneumatic pressure and flow to explain pressure versus
®6)(8) cylinder force, apply and manipulate pneumatic speed control circuits, and describe maintenance of
pneumatic equipment, centrifugal pump operation and characteristics, data acquisition systems, pump
power, and pump system design. The student is expected to:
(A) calculate the force output of a cylinder in retraction and extension;
(B) demenstrate explain how gage pressure and absolute pressure are different;
©) consider-and-analyze Boyle's Lawto-explain-itssignificance: explainithe.individudl gas laws and use
the ideal gas law to solve problems;
(D) convert air volumes at pressures to free air volumes;
(E) ahatyze compare dew point and relative humidity to explain their importance;
R explain the importance of the two units of pump flow rate measurement;
(G) convert between mass and volumetric flow rate;
differentiate between unit analysis, such as@€oRverting units of\pressure between English and SI units,
H . . . VL i1
(& and dimensional analysis, such as Force[zl% and Pressure[:]z%
&H() convert between units of head and pressure;
40 explain the importance of total dynamic headn terms of suction and discharge head:;
&H(K) demonstrate the measurement of the total head of a centrifugal pump;
calculate Reynolds ndmber and determinésthe type of fluid flow in a pipe, including laminar flow,
(8] - :
transitional flow, afid turbulent flow:;
(M) calculate friction head'loss.in a given pipe length using head loss tables and/or charts;
W) calculate total suction lift, total suctionsead, total discharge head, and the total dynamic head of a
system for a given flow rate;
M)
N
S}
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3(0)
R
S)P) calculate centrifugal pump brake horsepower given pump efficiency and hydraulic power;
M) ﬁziicdullate the effect of impeller diameter and speed on the flow rate of a centrifugal pump and pump
H(R) predict the effect of impeller diameter on a pump head capacity curve; and

Added to SE (Q)

With 7 (C) and (D) removed, this strand
only had 2 remaining SEs. With the amount
of material presented in strand 6, this strand
is recommended for deletion.

This is covered in 4

This is covered in 4

The student applies mathematical principles of material engineering, including tensile strength analysis,

£8}(9) | data acquisition systems, compression:testing and analysis, shear and hardness testing and analysis, and
design evaluation. The student is expected to:
A) cz_ilculate stress, §train, and elongation using the modulus of elasticity for a material or model with a
given set of data;
(B) analyze and explain the importance of sensitivity in relation to material engineering;
© analyze the operation of a data-acquisition formula application or program;
(D) mathematically analyze a part for stress and strain under a compression load;
(E) calculate shear stress for a material with a given set of data;
(F) use the Brinell hardness number to determine the ultimate tensile strength of a material;
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design-and apply factors of safety to material engineering designs; and

“design factors of safety” does not make

(G) sense
(H) create material testing conditions for a model using equipment such as a polariscope.
The student applies mathematical principles for mechanical drives, including levers, linkages, cams,
£9)(10) | turnbuckles, pulley systems, gear drives, key fasteners, v-belt drives, and chain drives. The student is
expected to:
(A) calculate the weight of an object for a given mass;
(B) analyze and calculate torque for a given application using the proper units of measurement;
© calculate the magnitude of force applied to a rotational system;
(D) calculate the mechanical advantage of first-, second-, and third-class levers;
compare and-centrast the advantages and disadvantages of the three classes of levers for different “to compare” shows similarities and dis-
(E) applications; similarities; “to contrast” only shows
dissimilarities
(F) calculate and analyze the coefficient of friction in its proper units of measurement;
(G) analyze and calculate mechanical advantage for simple machines using proper units of measurement;
(H) calculate the mechanical advantage of gear drive systems;
m compare and contrast at least two methods of loading.a mechanical drive system;
) calculate rotary mechanical power applied to an application;
(K) analyze the mechanical efficiency of a given application;
(L) demonstrate various examples of pitch and analyze its proper application;
(M) calculate the shaft speed and torque'of a belt drive and chain drive system; and
(N) calculate sprocket ratio and analyze importance to various applications.
The student applies mathematical principles of quality assurance, including using precision measurement
@aoy(11) tools, statistical process controel, control chart operation, analysis of quality assurance control charts,
geometric dimensioning and tolerancing, and location, orientation, and form tolerances. The student is
expected to:
(A) evaluate the readings of dial calipers and micrometers to make precise measurements;
(B) use at least three measures of central tendency to analyze the quality of a product;
(© use a manually constructed histogram to analyze a given a set of data;
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construct and use a mean-value-and-range chart to determine if a process remains constant over a

(®) specified range of time;
(E) examine the maximum and minimum limits of a dimension given its tolerance; and
(F) use position tolerance to calculate the location of a hole.
0 bo d-comp They may not know how to program a
GERY N o naanue robot.
A
B8)
©)
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8130.372. Scientific Research and Design (One Science Credit).

TEKS with edits

Committee Comments

(@)

General requirements. This course is recommended for students in Grades 11-12. Prerequisite: one bnit
credit of high school science. To receive credit in science, students must meet the 40% laboratory and
fieldwork requirement identified in 874.3(b)(2)(C) of this title (relating to Description of a Required
Secondary Curriculum). This course satisfies a high school science graduation requirement.

(b)

Introduction.

CTE instruction provides content aligned with challenging academic standards andacelévant technical
knowledge and skills for students to further their education and succeed in currgdt 0r emerging

professions.

Consistency of structure: Statement for
consistency amongst CTE courses

The Science, Technology, Engineering, and Mathematics (STEM) CareerffCluster focusés ®n planning,
managing and providing scientific research and professional and technical*sefzices (€.9:; physical science,

social science, engineering) including laboratory and testing services, and researehand development
Services.

Consistency of structure: Statement for
consistency amongst courses in the STEM
cluster

Scientific Research and Design is a broad-based course designed to.allew. districts and sehools
considerable flexibility to develop local curriculum to supplement any pragramsof study<or coherent
sequence. The course has the components of any rigorous scientifi¢ or endineering pregram of study from
the problem identification, investigation design, data.collection, data adalysis, formulation and
presentation of the conclusions. All of these copdponentSiare integrateéd with the career and technical
education emphasis of helping students gain€ntry-level\employmentin high-skill, high wage jobs and/or
to continue their education.

Consistency of structure: Course
description

& ()

Nature of science. Science, as defined by the National Academy of ‘Sciences, is the "use of evidence to
construct testable explanations and predictions of‘natural phenomena, as well as the knowledge generated
through this process." This vast.bodyof changing and increasing knowledge is described by physical,
mathematical, and conceptual models. Students should know that some questions are outside the realm of
science because they deal‘with phenomena that are not scientifically testable.

Consistency of structure: Due to course
being approved for science credit

&-5)

Scientific inquiry. Scientific inquiry is the planned and deliberate investigation of the natural world.
Scientific methods of investigation are experimental, descriptive, or comparative. The method chosen
should be appropriate to the question being asked.

).(6)

Science and social ethics. Scientific decision making is a way of answering questions about the natural
world. Students should be able to distinguish between scientific decision-making methods (scientific
methods) and ethical and social decisions that involve science (the application of scientific information).

(N

Seientific-systems-Science, systems, and models. A system is a collection of cycles, structures, and

processes that interact. All systems have basic properties that can be described in space, time, energy, and
matter. Change and constancy occur in systems as patterns and can be observed, measured, and modeled.
These patterns help to make predictions that can be scientifically tested. Students should analyze a system
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in terms of its components and how these components relate to each other, to the whole, and to the
external environment.

Students are encouraged to participate in extended learning experiences such as career and technical

Consistency of structure: Statement for

tested by multiple independent researchers. Unlike hypotheses, scientific theories are well-established

() student organizations and other leadership or extracurricular organizations. consistency amongst CTE courses
©) Statements that contain the word "including" reference content that must be mastered, while those Consfistency of structure: Statement for
containing the phrase "such as" are intended as possible illustrative examples. consistency amongst CTE courses
(c) Knowledge and skills.
The student demonstrates professional standards/employability skills as required by busiess and
industry. The student is expected to:
(A demonstrate knowledge of how to dress appropriately, speak politely, and.€onduct ones’ self in a
manner appropriate for the profession.
B) show the ability to cooperate, contribute, and collaborate as a membef 0f a group infan effort to
achieve a positive collective outcome.
(@) present written and oral communication in a clear, concise, and effective‘manfer’
demonstrate time management skills in prioritizing tasks, fellowing schedulés, amnd performing goal-
relevant activities in a way that produces efficient results;and
demonstrate punctuality, dependability, reliability, and responsibiity ifperformingassigned tasks as
(E) -
directed.
The student, for at least 40% of instructional time, conducts laboratory‘and field investigations using safe,
@) environmentally appropriate, and ethical practices. Theseiinvestigations must involve actively obtaining
and analyzing data with physical equipment,out may also involve experimentation in a simulated
environment as well as field observations.that extend beyond the classroom. The student is expected to:
(A) demonstrate safe practices during laboratory and field investigations; and
(B) demonstrate an understanding of the use and conservation of resources and the proper disposal or
recycling of materials.
@)3) The student uses a systematic approach to answer scientific laboratory and field investigative questions.
The student is expected to:
A) know the definition of'science and understand that it has limitations, as specified in subsection
Introduction (b)(4).
know that scientific hypotheses are tentative and testable statements that must be capable of being
®B) supported or not supported by observational evidence. Hypotheses of durable explanatory power
which have been tested over a wide variety of conditions are incorporated into theories;
©) know that scientific theories are based on natural and physical phenomena and are capable of being
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and highly reliable explanations, but may be subject to change as new areas of science and new
technologies are developed,

(D) distinguish between scientific hypotheses and scientific theories; Word not needed

design and implement investigative procedures, including making observations, asking well-defined | Rewrite for better understanding
(E) questions, formulating testable hypotheses, identifying variables, selecting appropriate equipment and
technology; and evaluating numerical answers for reasonableness;

collect and organize qualitative and quantitative data; and make measurements with.aceuracy.and Changed equipment — the list has equipment
precision using tools such as calculators, spreadsheet software, data-collecting probes, computers, that is not for measurement so they have
(F) standard laboratory glassware, microscopes, various prepared slides, stereoscopes, metric rulers, been separated.

electronic balances, gel electrophoresis apparatuses, micropipettors, hand lenses, Celsius
thermometers, hot plates, lab notebooks or journals, timing devices, cameras, and meter sticks.

(G) analyze, evaluate, make inferences, and predict trends from data;

(H) identify and quantify causes and effects of uncertainties in measured data;

0 organize and evaluate data and make inferences from data,.including the use of tables, charts, and
graphs; and
communicate valid conclusions supported by the data through various methoeds such-as lab reports,

) labeled drawings, graphic organizers, journals, summaries, oral reports, and technology-based
reports.

@) The student uses critical thinking, scientific reasoning, and problem salving to make informed decisions
within and outside the classroom. The student is expected to:

in all fields of science, analyze, evaluate; and critique scientific.explanations by using empirical
evidence, logical reasoning, and experimentaland observational testing, including examining all

(A) . A ) . . . 2, A
sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the
student;

®) communicate and apply scientific information extracted from various sources such as current events,
news reports, published journal articles, and marketing materials;

(© draw inferences based on data related to promotional materials for products and services;

(D) explain the impacts of the scientific contributions of a variety of historical and contemporary
scientists on scientific thoughtand.society;

(E) research and describe the connections between science and future careers; and

express and interpret relationships symbolically in accordance with accepted theories to make
(F) predictions and solve problems mathematically, including problems requiring proportional reasoning
and graphical vector addition.

Scientific Research and Design 81



The student formulates hypotheses to guide experimentation and data collection. The student is expected

5
&) to:
(A) perform background research with respect to an investigative problem; and
(B) examine hypotheses generated to guide a research process by evaluating the merits and feasibility of
the hypotheses.
{5)(6) | The student analyzes published research. The student is expected to:
(A) identify the scientific methodology used by a researcher;
(B) examine a prescribed research design and identify dependent and independentvariables;
©) evaluate a prescribed research design to determine the purpose for each of the procedures performed;
and
(D) compare the relationship of the hypothesis to the conclusion.
{6)(7) | The student develops and implements investigative designs. The student is expected to:
(A) interact and collaborate with scientific researchers and/or‘other-members of the scientific community
to complete a research project;
(B) identify and manipulate relevant variables within research situations;
(© use a control in an experimental process; and
(D) design procedures to test hypotheses.
@6 The student collects, organizes, and evaluates qualitative and quantitative data obtained through
experimentation. The student is expected to:
(A) differentiate between qualitative and quantitative data; Aligns to CCRS - Math VI B 1
. N . L Observations are recorded; if an event
A)x(B) record observations and-events as they occur within an investigation; occurs and isn’t observed, no way to record
acquire, manipulate, and analyze data using appropriate equipment and technology following the Adds alignment to CCRS — Math IV A 1,
C . .
GB)(—) rules Of Slqn|f|cant dlq“é, Science Il A 7, and Science Il F 2
) ) ) . . Aligns to CCRS — Math X B 2
D ; . .
(D) identify sources of random'error and syStematic error and differentiate between both types of error; Aligns to CCRS — Science Il E 1
€ report error of a set of measured daté in various formats, including standard deviation and percent Aligns to CCRS -~ Math VIB 3 and VI C 2
error; Aligns to CCRS - Cross-Disc 11 D 2
©) (F) construct data tables to organize information collected in an experiment; and
By (G) evaluate data using statistical methods to recognize patterns, trends, and proportional relationships.
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@)9) The student knows how to synthesize valid conclusions from qualitative and quantitative data. The
student is expected to:

(A) synthesize and justify conclusions supported by research data; Multiple levels of complexity desired
(B) consider and communicate alternative explanations for observations and results; and
(© identify limitations within the research process and provide recommendations for additional research.

©)(10) The student communicates conclusions clearly and concisely to an audience of professionals. The student
is expected to:

construct charts, tables, and graphs in facilitating data analysis and in communicating experimental Aligns to CCRS - Cross-Disc Il C 8 and
(A) results clearly and effectively using technology, including oral presentatioa’@f original findings of'a Cross-Disc 11 D 3
research project to an audience of peers and professionals; and

®) suggest alternative explanations from observations or trends evident within the data or from prompts
provided by a review panel.
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8130.373. Engineering Design and Problem Solving (One Science Credit).

TEKS with edits

Committee Comments

(@)

General requirements. This course is recommended for students in Grades 11-12. Prerequisites:

Algebra 1, Geometry, AlgebraH-Chemistryand-Physies and 2 STEM credits. To receive credit in
science, students must meet the 40% laboratory and fieldwork requirement identified in 874.3(b)@2)(C) of
this title (relating to Description of a Required Secondary Curriculum). This course satisfies adiigh school
science graduation requirement

(b)

Introduction.

CTE instruction provides content aligned with challenging academic standards andacelévant technical
knowledge and skills for students to further their education and succeed in currgdt 0r emerging

professions.

The Science, Technology, Engineering, and Mathematics (STEM) CareerfCluster focusés ©n planning,
managing and providing scientific research and professional and technical'serices (€.9:; physical science,

social science, engineering) including laboratory and testing services, and researehand development
Services.

HE)

Engineering design is the creative process of solving problems by identifying needs and then devising
solutions. This solution may be a product, technigue, structure, process, or many.other things depending
on the problem. Science aims to understand the natural world, while engineering seeks to shape this
world to meet human needs and wants. Engineering.design takes into eonsideration limiting factors or
"design under constraint." Various engineering.disciplines addressa broad spectrum of design problems
using specific concepts from the sciences and mathematics to derive a solution. The design process and
problem solving are inherent to all engineering disciplines.

2)(4)

Engineering Design and Problem Solving reinforces@and integrates skills learned in previous mathematics
and science courses. This course emphasizes solving problems, moving from well-defined toward more
open-ended, with real-world application. Students apply critical-thinking skills to justify a solution from
multiple design options. Additionally, the course promotes interest in and understanding of career
opportunities in engineering.

)6)

This course is intended to stimulate students' ingenuity, intellectual talents, and practical skills in devising
solutions to engineering design problems. Students use the engineering design process cycle to
investigate, design, plan, create, and evaluate solutions. At the same time, this course fosters awareness of
the social and ethical implications of technological development.

Nature of science. Science, as defined by'the National Academy of Sciences, is the "use of evidence to
construct testable explanations and predictions of natural phenomena, as well as the knowledge generated
through this process." This vast body of changing and increasing knowledge is described by physical,
mathematical, and conceptual models. Students should know that some questions are outside the realm of
science because they deal with phenomena that are not scientifically testable.
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Scientific inquiry. Scientific inquiry is the planned and deliberate investigation of the natural world.

) Scientific methods of investigation are experimental, descriptive, or comparative. The method chosen
should be appropriate to the question being asked.
Science and social ethics. Scientific decision making is a way of answering questions about the natural
(8) world. Students should be able to distinguish between scientific decision-making methods (scientific
methods) and ethical and social decisions that involve science (the application of scientific infoumation).
Science, systems, and models. A system is a collection of cycles, structures, and processes thatinteract.
All systems have basic properties that can be described in space, time, energy, and matteChange and
9 constancy occur in systems as patterns and can be observed, measured, and modeled. Jhese patterhs help
to make predictions that can be scientifically tested. Students should analyze a system¥n terms of\its
components and how these components relate to each other, to the whole, and todhe external environment
Students are encouraged to participate in extended learning experiences suchfas career and technical
student organizations and other leadership or extracurricular organizations.
Statements that contain the word "including" reference content that must be\mastered, While those
@ M N n n M M N N
containing the phrase "such as" are intended as possible illustrative examples.
(©) Knowledge and skills.
The student demonstrates professional standards/employabilityeskills‘as réquired by business and
industry. The student is expected to:
A demonstrate knowledge of how to dress appropriately, speakipolitel§f, and conduct ones’ self in a
(A) manner appropriate for the profession.
B) show the ability to cooperate, contributeand collaborate as a member of a group in an effort to
achieve a positive collective outcome,
[(®) present written and oral communication in a cleargconcise, and effective manner:;
demonstrate time management skills inprieriting tasks, Tol@wWing schedules, and performing goal-
(D) TR e :
relevant activities in a way that.produces efficient results; and
demonstrate punctuality <dependability, reliability, and responsibility in performing assigned tasks as
(E) :
directed.
@2 The student, for at least'40% of instructional time, conducts engineering field and laboratory activities
using safe, environmentally appropriate, and ethical practices. The student is expected to:
(A) demonstrate safe practices during engineering field and laboratory activities; and
(B) make informed choices in the use.and conservation of resources, recycling of materials, and the safe
and legal disposal of materials.
@) The student applies knowledge of science and mathematics and the tools of technology to solve
engineering design problems. The student is expected to:
A) apply scientific processes and concepts outlined in the Texas Essential Knowledge and Skills (TEKS) | Students have already had these subjects.

for Biology, Chemistry, or Physics relevant to engineering design problems;
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apply concepts, procedures, and functions outlined in the TEKS-for Algebra I, Geometry, and

Not necessary here or above.

B o .

(®) Algebra Il relevant to engineering design problems;

© select appropriate mathematical models to develop solutions to engineering design problems;

(D) integrate advanced mathematics and science skills as necessary to develop solutions to engineering
design problems;

(E) judge the reasonableness of mathematical models and solutions;

G investigate and apply relevant chemical, mechanical, biological, electrical, and physical properties of
materials to engineering design problems;

©) identify the inputs, processes, outputs, control, and feedback associated with open and closed
systems;

(H) describe the difference between open-loop and closed-loop control systems;

m make measurements and specify tolerances with minimum necessary accuracy and precision;

Q) use appropriate measurement systems, including customarysand International System (SI) of units;
and

(K) use conversions between measurement systems to solve real-world problems:

@) The student communicates through written documents, presentations, and graphic representations using
the tools and techniques of professional engineers. The student is expected to:

(A) communicate visually by sketching and‘creating technical drawings using established engineering
graphic tools, techniques, and standards;

(B) read and comprehend technical documents, including specifications and procedures;
prepare written documents suchras.memorandums, emails, design proposals, procedural directions,

(© letters, and technical reports using the formatting and terminology conventions of technical
documentation;

(D) organize information for visual display and analysis using appropriate formats for various audiences,
including, but not limited'to, graphs and tables;

(E) evaluate the quality and relevance of sources and cite appropriately; and

(F) defend a design solution in a presentation.

@y5) The student recognizes the history, development, and practices of the engineering professions. The
student is expected to:
A) identify and describe career options, working conditions, earnings, and educational requirements of

various engineering disciplines such as those listed by the Texas Board of Professional Engineers;
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(B)

recognize that engineers are guided by established codes emphasizing high ethical standards;

explore the differences, similarities, and interactions among engineers, scientists, and

©) mathematicians;

(D) describe how technology has evolved in the field of engineering and consider how it will continue to
be a useful tool in solving engineering problems;

E) discuss the history and importance of engineering innovation on the United States economy and
quality of life; and

(F) describe the importance of patents and the protection of intellectual property rights.

©)(6) The student creates justifiable solutions to open-ended real-world problems using engineering design
practices and processes. The student is expected to:

(A) identify and define an engineering problem;

(B) formulate goals, objectives, and requirements to solve an engineering problem;

©) determine the design parameters associated with an engineering problem such as'materials,
personnel, resources, funding, manufacturability, feasibility, and time;

(D) establish and evaluate constraints pertaining to a problem, including, but not limited to, health, safety,
social, environmental, ethical, political, regulatory, and legal;

) identify or create alternative solutions to a problem using a variety of techniques such as
brainstorming, reverse engineering, and researching engineered and natural solutions;

G test and evaluate proposed solutionssing methods'such as models, prototypes, mock-ups,
simulations, critical design review, statistical analysis, or experiments;

©) apply structured techniques to select and justify a preferred solution to a problem such as a decision
tree, design matrix, or cost=benefit analysis;

(H) predict performance, failure modes, and reliability of.a design solution; and

() prepare a project report.that clearly documents the designs, decisions, and activities during each
phase of the engineering design process.

{6)(7) | The student manages an engineering design/project. The student is expected to:

(A) participate in the design and implementation of a real-world or simulated engineering project;

(B) develop a plan and timeline for completion of a project;

©) work in teams and share responsibilities, acknowledging, encouraging, and valuing contributions of
all team members;

(D) compare and contrast the roles of a team leader and other team responsibilities;
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(E) identify and manage the resources needed to complete a project;

(F use a budget to determine effective strategies to meet cost constraints;

(G) create a risk assessment for an engineering design project;

(H) analyze and critique the results of an engineering design project; and

) maintain an engineering notebook that chronicles work such as ideas, concepts, inventions, sketches,

and experiments.
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8130.374. Practicum in Science, Technology, Engineering, and Mathematics (Two to Three Credits).

TEKS with edits

Committee Comments

General requirements. This course is recommended for students in Grade 12. Prerequisite: Algebra |,
@) Geometry, and 2 STEM credits. The practicum course is a paid or unpaid capstone experience for

students participating in a coherent sequence of career and technical education courses in the science,
technology, engineering, and mathematics career cluster.

A student shall be awarded two credits for successful completion of this course, when the stident

) participates in at least an average of 10 hours, but less than 15 hours, per week of a paid«runpaid,
laboratory- or work-based application of previously studied knowledge and skills related'to the STEM

Career Cluster.

A student shall be awarded three credits for successful completion of this coursei when the student
(2 participates in an average of 15 hours per week of a paid or unpaid, laboratos§=er work-based
application of previously studied knowledge and skills related to the Career Cluster.

Introduction. Fhepra um-is-designed-to-give students-supervised practicakapplication o Vit

CTE instruction provides content aligned with challenging academic Standards and relevant technical
Q) knowledge and skills for students to further their education and sicceedin Clisient or emerging

professions.

The Science, Technology, Engineering, and Mathematies (STEM).Cafeer Cluster focuses on planning,
managing and providing scientific research and professional and technical services (e.g., physical
science, social science, engineering) includifig’laboratoryand testingServices, and research and
development services.

The practicum is designed to give studentsSsuperviséd practicalfapplication of previously studied
3) knowledge and skills. Practicum experiences€an occur in a variety of locations appropriate to the nature
and level of experience.

Students are encouraged i@ participate in extemded learning experiences such as career and technical

4 . ; . .

) student organizations afid Other leadership or@xtracurricUlar organizations.

() Statements that contain theiwerd "including” reference content that must be mastered, while those
containing the phrase "such as* ake intended@as possible illustrative examples.

(c) Knowledge and skills.
The student demonstrates professional standards/employability skills as required by business and
industry. The student is expected to:

(A demonstrate knowledge of how to dress appropriately, speak politely, and conduct ones’ self in a

manner appropriate for the profession.
(B) show the ability to cooperate, contribute, and collaborate as a member of a group in an effort to

achieve a positive collective outcome.
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©) present written and oral communication in a clear, concise, and effective manner;
(D) demonstrate time management skills in prioritizing tasks, following schedules, and performing goal-
relevant activities in a way that produces efficient results; and
€ demonstrate punctuality, dependability, reliability, and responsibility in performing assigned tasks as
directed.
@2 The student demonstrates professional standards/employability skills as required by business and Same as KS (1)
industry. The student is expected to:
(A) adhere to policies and procedures;
demonstrate positive work behaviors and attitudes, including punctuality, time‘management,
(B) p gp y g
initiative, and cooperation;
(© accept constructive criticism;
(D) apply ethical reasoning to a variety of situations in order to make ethical decisions;
(E) complete tasks with the highest standards to ensure quality products and services;
&) model professional appearance, including dress, grooming, and.personal protective equipment as
appropriate; and
©) comply with practicum setting safety rules and regulations to maintain safe and-healthful working
conditions and environments.
2)(3) | The student applies concepts of critical thinking and problem solving. The student is expected to:
(A) analyze elements of a problem to develop creative and innovative solutions;
(B) critically analyze information to determine valugto the problem-solving task;
(© compare and contrast alternatives using a variety of problem-solving and critical-thinking skills; and
(D) conduct technical research to gather information necessary for decision making.
@) The student demonstrates leadership and teamwork skillsin collaborating with others to accomplish
goals and objectives. The student is expected to:
A) analyze leadership in relation to trust, positive attitude, integrity, and willingness to accept key
responsibilities in a work situation;
(B) demonstrate teamwork skills through working cooperatively with others to achieve tasks;
©) demonstrate teamwork processes that promote team building, consensus, continuous improvement,
respect for the opinions of others, cooperation, adaptability, and conflict resolution;
(D) demonstrate responsibility for shared group and individual work tasks;
(E) establish and maintain effective working relationships in order to accomplish objectives and tasks;
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(F)

demonstrate effective working relationships using interpersonal skills;

technical student organizations and professional organizations;

(©)) use positive interpersonal skills to work cooperatively with others;

(H) negotiate effectively to arrive at decisions;

0 demonstrate _respect for in(_jivid_uals, including those from different cultures, genders, and
backgrounds;, and value diversity.

@) demonstrate-sensitivity to-and-value for diversity. Moved item above.

@)(5) The studgnt dempnstrat_es ora_l and Writ_ten comr_nunication s!<i||s in c_reating, expressipg, and interpr.eting
information and ideas, including technical terminology and information. The student.is expected to:

(A) dem0n§tratg the.use _of content, technical concepts, and vocabulary whenanalyzing information and
following directions;

(B) employ verbal skills when obtaining and conveying information;

©) use informational te_xts, Internfat websites, and technical materials to review and apply information
sources for occupational tasks;

(D) evalue_lte the reliability (?f information from informational texts, Internet.websites, andi.technical
materials and resources;

(E) interpret verbal and nonverbal cues and behaviors to enhance communication;

(F) apply active listening skills to obtain and elarify information; and

(G) use academic skills to facilitate effective written and oral communication.

6)(6) The student dem_onstrates technical knoyvledge and skills requir_ed topursue § career in the science,
technology, engineering, and mathematics cluster: The student is expected to:

(A) develop advanced technical knowledge and skills related to the student's occupational objective;

(B) evaluate strengths and weaknesses in technical skill proficiency. and

© feersrestonladhaek ceogdad Lo the sppesgees Duplicate of (1)(C)

(6) The student documents technical knowledge and skills. The student is expected to:

(A) update a professional portfolio to include:

(1) attainment of technical skill competencies;

(i) licensures or certifications;

(iii) recognitions, awards, and scholarships;

(iv) extended learning experiences such as community service, active participation in career and
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(v)

abstract of key points of the practicum;

(vi) resume;

(vii) samples of work; and
(viii) evaluation from the practicum supervisor; and

(B) present the portfolio to all interested stakeholders such as in a poster presentation or ev. on panel

of experts.
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