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Gateway: The publisher must provide a Tennessee standards alignment guide as a part of the scope and sequence for the 
material. If this gateway is not met, the materials will not be scored. All Tennessee standards must be addressed within the 
material. If this is not met, the material will not pass review by the Tennessee Textbook and Instructional Materials Quality 
Commission. 

Introduction:  

The following Instructional Materials Scoring Rubric for CTE is designed to score materials in the following categories: 

• Instructional Focus 
• Attending to Skill Attainment 
• Accessibility Features 
• Alignment of Content 

Scoring: 

Each section is to be scored using a 0, 1, or 2.  Use the following scoring guideline. 

Tables 1-2: 

• Adhere to the provided rubric statements for scoring. 

Tables 3-4: 

• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
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Table 1:  Instructional Focus 
Directions: 
Adhere to the provided rubric statements for scoring. 
Indicator 0 1 2 Score Evidence 
Student 
Engagement 

Materials are too 
complex for a grade-
level CTE course and 
do not provide 
engaging graphs, 
charts, and/or 
images.  

Materials are 
approaching grade-
level for a CTE course 
and have some 
engaging graphs, 
charts, and/or 
images.  
 

Materials are aligned 
to grade-level for a 
CTE course and have 
engaging graphs, 
charts, and/or 
images throughout.  
 

  

Activity 
Aligned to 
Grade Level 

Material contains 
activities that do not 
enhance grade-level 
CTE knowledge and 
skills aligned to 
standards. 

Activities reinforce 
CTE knowledge and 
skills aligned with 
grade-level standards. 

Activities serve to 
build proficiency of 
knowledge and skills 
aligned with CTE 
grade-level standards.   
 

  

Use of 
Current 
Industry 
Practices 

Some units do not 
reflect the most 
current industry 
practices. 

Industry connections 
are present but are 
loosely connected to 
current industry 
practices. 
 

In every unit, industry 
practices are relevant 
and reflect current 
practices. 
 

  

Career 
Exploration 

Materials do not 
describe careers 

There are brief 
descriptions of 

There are thorough 
descriptions of 
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Table 1:  Instructional Focus 
Directions: 
Adhere to the provided rubric statements for scoring. 

relevant to industry in 
any section. 

careers relevant to 
industry. 

careers relevant to 
industry. 
 

Instructional 
Materials 

Materials do not 
contain 
supplemental 
instructional 
materials, such as 
case studies, 
educational videos, or 
engaging articles. 

Materials contain 
some supplemental 
instructional 
materials for use by 
the teacher. 
 

Materials contain 
several types of 
supplemental 
instructional 
materials for use by 
the teacher on 
relevant topics. 

  

Total  

Table 2:  Attending to Skill Development 
Directions: 
Adhere to the provided rubric statements for scoring. 
Indicator 0 1 2 Score Evidence 
Safety 
Practices 

Materials do not 
address standard 
safety practices 
aligned to industry. 

Materials mention 
safety, but do not 
provide adequate 
information.  

Materials thoroughly 
address standard 
safety practices 
aligned to industry. 

  

Proper 
Equipment 

Materials do not 
address equipment 

Materials make 
mention of 
equipment and/or 

Materials provide 
thorough 
explanations of 
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Table 2:  Attending to Skill Development 
Directions: 
Adhere to the provided rubric statements for scoring. 
and Tool 
Usage 

and/or tool usage 
aligned to industry. 

tool usage aligned to 
industry, but do not 
provide adequate 
information. 

equipment and/or 
tool usage aligned to 
industry. 

Performance-
Based Tasks 

Materials are 
designed for a 
lecture-based course 
and provide no 
performance-based 
tasks. 

Materials contain 
performance-based 
tasks but they do not 
allow students to 
prove skill 
proficiency. 
 

Every unit contains an 
adequate 
performance-based 
task in student-
facing materials and 
teacher materials 
including instructional 
strategies for the 
particular skill. 

  

Developing 
Employability 
Skills 

Materials provide no 
examples of 
employability skills or 
methods of 
attainment. 

Materials provide 
some examples of 
employability skills, 
but do not address 
methods of 
attainment. 
 

Materials thoroughly 
address 
employability skills 
in student-facing and 
teacher materials 
including instructional 
strategies.  
 

  

 Total  
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Table 3:  Accessibility Features  
Directions: 

• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Digital Materials 0 1 2 Evidence 
All lessons within the materials are available in digital form and include a 
printable option. 

    
 

In every lesson, materials include recommended supports, 
accommodations, and modifications for Students with Disabilities and 
English language learners that will support their regular and active 
participation in accessing on grade level material (e.g., modifying 
vocabulary words within word problems, sentence starters, etc.). 

    

Total  

Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Conceptual Understanding: The materials support the intentional 
development of students’ conceptual understanding of knowledge 
and skills aligned to standards. 

0 1 2 Evidence 

1.1 Safety Standards and Procedures: Assess a given situation requiring 
the use of tools, equipment, and materials. Explain the applicability of 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

various safety standards and procedures, and then safely demonstrate 
the use of the tools, equipment, and materials. For example, the 
hoisting of material requires lifting equipment of sufficient strength and 
applicability to the task, physical clearance from personnel, necessary 
alerting to others, and authorization to use the required equipment, as 
well as conformance to Occupational Safety and Health Administration 
(OSHA) policies for avoiding and reporting accidents associated with this 
type of activity. 

1.2 Hand and Power Tools: Assess a given situation requiring the use of 
hand and/or power tools. Select the proper tool and accessories, 
critique the readiness of the tool, use the tool to accomplish the desired 
task, and then return the tool and accessories to its proper storage. For 
example, creating a hole in aluminum requires the choice of the proper 
drill, drill bit, mounting hardware, lubricant, and safety procedures and 
precautions. The suitability of the drill bit is just one of many aspects 
that must be assessed and analyzed 

    

1.3 Rigging and Lifting: Analyze situations, create plans, and implement 
plans requiring the use of rigging to install and/or remove equipment 
and machinery. Perceive and critique the safety risks involved in the job. 
For example, contrast the implications of lifting and positioning heavy 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

objects of small compact shapes versus those of large rotational 
moment. 

1.4 Electrical Principles: Identify and evaluate situations that require 
electrical circuits and electromechanical principles. Develop and safely 
implement a plan to achieve the desired electromechanical objective. 
For example, recognize the power requirements for operating a 35 hp 
lathe, develop a wiring plan, and draft the details for a work order. 

    

2.1 Simple Drawings: Create linear and angular drawings to represent 
real-world physical scenarios in two and three dimensions. For 
example, based on physical requirements for a bracket, develop a plan 
and create a drawing based on the required geometry for accurately 
fabricating the bracket, including precise linear and angular measures. 

    

2.2 Mathematics: Apply mathematics concepts to solve electronics and 
manufacturing industry problems. For example, calculate the impact of 
the addition of random variables representing material dimensions that 
include several tolerances and dimensional allowances on the final 
combined work product. 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

2.3 Dimensional Drawings: Create two- and three-dimensional scale 
drawings using accepted dimensioning rules and measurement 
systems. For example, as part of a project to fabricate a custom-shaped 
metal block, develop complete drawings that specify the dimensional 
details for each step of the construction process. 

    

2.4 Basic Troubleshooting: Identify and demonstrate basic 
troubleshooting strategies appropriate for evaluating electronic 
circuits/systems and electromechanical devices. For example, in a relay-
logic circuit with four display bulbs, develop and implement a 
troubleshooting strategy to remedy a bulb that fails to light. 

    

3.1 Electricity: Demonstrate understanding of the operation of electrical 
circuits and devices and relate it to the physical laws (such as Ohm’s 
Law, Kirchhoff’s Law, and power laws) that govern the behavior of 
electrical circuits and devices. Accurately apply these physical laws to 
solve problems. For example, calculate and support the consequence of 
the maximum volume of air that can be moved by an AC-powered 50 hp 
electric motor. 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

3.2 Electrical Circuits: Explain the interrelationships among sources of 
current, voltage, resistance, and power in electric circuits, both 
theoretical (illustrated) and actual by designing a direct current (DC) 
circuit of resistors and LEDs and predicting the likely current and power 
requirement. Discriminate among used resistors in a junk box, using 
the color codes to identify resistors of suitable value. 

    

3.3 Electronic Testing: Assemble the required connections of electronic 
test equipment to properly test the operation of basic electronic circuit 
behavior and performance, using equipment such as a digital 
multimeter, oscilloscope, and resistance bridge. For example, design, 
assemble, and verify a passive analog filter able to block at least 6 dB of 
audio-level signals of frequency greater than 500 Hz. 

    

4.1 Industrial Maintenance Occupations: Investigate an assortment of 
occupations and manufacturing processes that rely on 
electromechanical principles and technologies, such as shipyard rigging, 
metalworking, agricultural mechanics, construction, and medical 
prosthetics. Write an informative text that summarizes the typical 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

educational and certification requirements, working environments, and 
career opportunities for these occupations. 

4.2 Quality Control: Analyze and describe a variety of quality control 
constraints on manufacturing materials, parts, and processes that 
impact the suitability of a given electromechanical production process. 
Collect and interpret data that includes, but is not limited to, physical 
and electrochemical properties such as size, mass, hardness, pH, 
temperature, conductivity, rate, and so forth, and synthesize the results 
to yield a clear, written documentation of the findings. For example, 
assist a quality assurance inspector who must carefully complete the 
steps of a standard inspection order to certify an incoming shipment of 
raw material by making several measurements and tests for 
conformance to specification. 

    

4.3 Blueprints and Diagrams: Inspect and interpret blueprints, 
schematic diagrams, or written specifications for electromechanical 
devices and systems. Explain how pictorial representations relate to an 
actual project layout, verifying sufficient agreement as prescribed by 
specified tolerances. For example, create a proposed parts list for wiring 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

a room addition based on electrical construction drawings, conforming 
to generally accepted building codes. 

4.4 Troubleshooting: Given a malfunctioning electromechanical system, 
use resources such as blueprints, diagrams, and equipment manuals to 
troubleshoot the machinery. Develop and graphically illustrate at least 
three possible solutions to the problem. Select the optimal solution and 
justify the selection with evidence drawn from the resources listed 
above. 

    

5.1 Team Project with Data Analysis: As a team, identify a problem 
related to the program of study as a whole. Research and utilize the 
Engineering Design Process to design a solution. Document the 
following steps in an engineering design notebook for inclusion in the 
program portfolio. When possible, connect the problem to an existing 
SkillsUSA event. 

a. Problem Identification: Brainstorm specific problems and 
challenges with the program of study. Conduct basic research to 
understand the scope and implications of the identified problem. 
Identify one problem as a focus area. 
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Table 4:   Introduction to Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
b. Research and Analysis: Conduct in-depth research on chosen 
topics related to the problem. Locate and analyze a dataset related 
to the problem. 

c. Review the Stages of the Engineering Design Process: Define the 
problem, research, brainstorm solutions, develop prototypes, test 
and evaluate, and iterate. Consider constraints such as cost, 
efficiency, and environmental impact during the design process. 

d. Project Implementation: Assign specific roles within the design 
teams (e.g., project manager, researcher, designer, tester). Design a 
solution tailored to address the identified problem or scenario. 
Document progress through design journals, sketches, diagrams, 
and digital presentations. (Note: Prototype is optional in Year 2 
courses.) 

e. Presentation and Reflection: Showcase the problem and solution 
to the class. Share the data that was analyzed and how it affected 
the solution. Discuss the design process and challenges. As a class, 
critically evaluate the effectiveness and feasibility of the solutions 
and propose potential improvements. 

Total     



Industrial Maintenance and Mechatronics Instructional Materials Scoring 
Rubric 

 

 

Division of College, Career and Technical Education • Andrew Johnson Tower, 9th Floor • 710 James Robertson 
Parkway • Nashville, TN 37243 • tn.gov/education 

 
 

13 | September 2024 

Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Conceptual Understanding: The materials support the intentional 
development of students’ conceptual understanding of knowledge 
and skills aligned to standards. 

0 1 2 Evidence 

1.1 Safe Use of Tools, Equipment, and Materials: Assess a given 
situation requiring the use of tools, equipment, and materials. Explain 
the applicability of various safety standards and procedures, and then 
safely demonstrate the use of the tools, equipment, and materials. For 
example, the hoisting of material requires lifting equipment of sufficient 
strength and applicability to the task, physical clearance from 
personnel, necessary alerting to others, and authorization to use the 
required equipment, as well as conformance to Occupational Safety and 
Health Administration (OSHA) policies for avoiding and reporting 
accidents associated with this type of activity. 

    

1.2 Safety Rules: Accurately read, interpret, and demonstrate adherence 
to safety rules, including rules published by the (1) National Science 
Teachers Association (NSTA); (2) National Electrical Code (NEC); (3) 
Occupational Safety and Health Administration (OSHA) guidelines; (4) 
American Society for Testing Materials, ANSI Z49.1: Safety and Welding, 
Cutting, and Allied Processes; and (5) state and national code 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

requirements. Be able to distinguish between rules and explain why 
certain rules apply. 

1.3 Safety in the Classroom: Identify and explain the intended use of 
safety equipment available in the classroom. For example, demonstrate 
how to properly inspect, use, store, and maintain safe operating 
procedures with tools and equipment. 

    

2.1 Shielded Metal Arc Welding (SMAW): Interpret and use a welding 
sketch or drawing to demonstrate the proper setup of a shield metal 
arc welder. Use the shielded metal arc welding (SMAW) process and 
make single-pass and groove welds in the following positions: 

a. flat, 

b. horizontal, 

c. vertical, and 

d. overhead. 

 

    

2.2 Metal Inert Gas Welding (MIG): Examine a given set of specifications 
for welding operations and properly set up a metal inert gas (MIG) 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

welder to demonstrate the following five basic weld scenarios of how 
they are best applied. For example, edge joints are usually welded on 
one side, whereas a butt joint can be welded on both sides. 

a. lap joint, 

b. butt joint, 

c. corner joint, 

d. edge joint, and 

e. T-joint 

2.3 Grinding: Demonstrate the proper use of various types of grinders, 
such as hand-held and pedestal bench. Compare and contrast the 
process of using each grinder when performing cutting, smoothing, and 
deburring operations on a piece of metal. For example, use a grinder to 
cut and bevel pipe and plate prior to welding. 

    

2.4 CNC Machines and Lathes: Manage and coordinate the operation of 
the cutting pieces, feeds, and mounts associated with both manual and 
computer-numerical-controlled (CNC) machining tools to complete 
projects involving: 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
a. milling machines, such as indexing operations using a dividing 
head and rotary tables; and 

b. lathes, such as re-chase and internal threads, taper turning with 
taper attachments and compound rests, internal tapered surfaces, 
follower, and steady rests. 

For example, select the correct cutting tools and speeds for the CNC 
processes to create Delrin (plastic) shafts and gears for a class robotics 
project. 

3.1 Direct and Alternating Currents: Identify the basic characteristics 
and distinguish between the operation of direct current (DC) and 
alternating current (AC) electricity. Explain how and why the different 
currents are used. Provide examples of devices that use AC and DC 
respectively. 

    

3.2 Ohm’s Law: Demonstrate an understanding of Ohm’s law and apply 
it to solving given problems in electrical systems. Defend the solution 
using supporting evidence that explains the cause-and-effect 
relationship between Ohm’s law and each of the following: 

a. voltage, 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
b. current, 

c. resistance, and 

d. voltage drop. 

3.3 Circuits: Examine electrical circuits and components. Solve various 
series-parallel circuit structures, using appropriate instruments to 
measure watts, volts, Ohms, and amps. Explain the multistep procedure 
used to solve each problem and justify the calculations using Ohm’s 
law. 

    

3.4 Wiring: Explain basic control wiring and wiring processes used in the 
electrical industry. Properly apply these processes by wiring and testing 
devices, control circuits, and systems. For example, wire and test 
electrical switches and devices used in a typical electromechanical 
system. 

    

3.5 Electron Flow: Explain electron flow as it relates to electricity. Explain 
the role of magnetism and electromagnetic induction in electrical 
systems, including a comparison of the following magnetism concepts 
to their electrical counterparts. 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
a. reluctance to resistance 

b. field distance to voltage 

c. magnetic force to current 

4.1 Wire Nuts, Lugs, Connectors, and Splices: Understand the National 
Electrical Code (NEC) and local code requirements for the splicing, 
terminating, and insulating of conductors. Citing information found in 
code, explain when it is appropriate to use wire nuts, crimp-on wire 
lugs, or mechanical compression connectors for making connections. 
Also include special considerations for making splices and connections 
to aluminum, as well as insulation systems applicable to common 
splices and terminations. 

    

4.2 Wiring: Complete a simulation of wiring for residential service. Select 
the appropriate size of wire nuts and complete multiple installations. 
Demonstrate wire terminations and splices by using the proper crimp-
on wire lugs and mechanical compression connectors. Explain and 
justify the selection of parts with supporting evidence (resulting from 
the previous standard). 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

5.1 Uses of Fuses and Circuit Breakers: Explain the characteristics and 
uses of fuses and circuit breakers. Apply this information to develop 
and explain a procedure that could be used to select a specific choice of 
fuse or circuit breaker for over-current protection. 

    

5.2 Types of Fuses and Circuit Breakers: Identify various examples of 
fuses and circuit breakers. Examine the markings printed on a fuse and 
identify the characteristics of a fuse needing replacement. Using 
physical observation and technical manuals, explain how to classify a 
circuit breaker by its voltage, current, and interrupting capacity ratings. 

    

5.3 Install Fuses and Circuit Breakers: Following the correct electrical 
code practices for residential service, demonstrate the procedures to 
install, wire, test, and operate fuses and breakers in both single-phase 
and three-phase circuits. Demonstrate effective grounding practices, 
including the connection of ground wires and installation of bonding 
straps. 

    

6.1 Schematic Interpretation: Review a basic process instrument 
diagram (PID) and a basic electrical elementary print. Interpret the 
symbols to identify the actual field devices of a process loop (PID) and 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

control loop (electrical elementary print). Explain and document the 
basic operation of the devices and equipment for both the process (PID) 
and control (electrical elementary print) loops. 

7.1 Single-Phase Transformer: Explain the operation of a basic single-
phase transformer. Given the following scenarios, examine and confirm 
that the transformer is operating correctly. Write a brief justification 
supporting the conclusion of each examination. In groups or as a class, 
discuss results and provide constructive feedback. 

a. single-phase step-up transformer 

b. single-phase step-down transformer 

c. single-phase isolation transformer 

d. single-phase current transformer 

    

8.1 Conduits and Conductors: Given a proposed addition to a 
commercial electrical system, properly select type and size of both 
conduit and conductors for an installation. Support the selection with 
evidence drawn from standards in the National Electrical Code (NEC) 
and local codes. 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

8.2 Identify Conductors and Cables: Demonstrate an understanding of 
how to physically read and identify markings on conductors and cables 
according to industry standards such as the National Electrical Code 
(NEC). Explain how conductors and cables are categorized based upon 
wire size and gauge, insulation and jacket types, and voltage ratings. 

    

9.1 EMT and PVC Conduit Installation: Given an assignment to install a 
specified run of electrical metal tubing (EMT) and polyvinyl chloride 
(PVC) conduit, create and execute a written plan of the procedure to be 
completed. The plan should include, but is not limited to the following: 

a. where and why bends (e.g., stub, offset, saddle, parallel) will be 
used; 

b. how the material will be cut, reamed, installed, and secured; and 

c. drawings of how the conduit will be secured with clamps and 
fittings conforming to standards of the National Electrical Code 
(NEC) and local codes. 

    

9.2 IMC and Rigid Conduit Installation: Given an assignment to install a 
specified run of intermediate metal conduit (IMC) and rigid conduit, 
create and execute a written plan of the procedure to be completed. 
The plan should include, but is not limited to, the following: 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
a. where and why bends (e.g., stub, offset, saddle, parallel) will be 
used; 

b. how the material will be cut, reamed, installed, and secured; and 

c. drawings of how the conduit will be secured with clamps and 
fittings conforming to standards of the National Electrical Code 
(NEC) and local codes. 

9.3 Cable Pull: Develop a written plan; then set up and execute a cable 
pull through assorted conduit and cable tray configurations. The plan 
should include a list of the tools used, diagrams of puller systems used, 
an explanation of how the proper location was selected to start and end 
the conductor pull, as well as calculations for allowable pulling tension 
for a specified group of conductors. Justify the written plan with 
supporting evidence based on observations and prescriptions outlined 
in the National Electrical Code (NEC). 

    

10.1 Logic Circuits: Given a set of logic statements and schematic 
circuits, construct the logic circuits described using the following: 

a. AND, OR, NOR, and XOR gates; and 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
b. flip-flops, counters, and gates. 

Document and define each logic gate, including a drawing, a description 
of its function in a short sentence or paragraph, a specification of each 
truth table, and the equation for each gate 

10.2 Programmable Logic Controllers: Given a working programmable 
logic controller (PLC), an operator interface, and interfacing computer, 
safely set up a communication loop to view and explain the program’s 
purpose. Identify and explain the functions and interrelationships 
among the following PLC components: 

a. power supply, 

b. CPU, 

c. input modules, 

d. output modules, and 

e. analog input and/or modules 

    

11.1 Select a Motor: Given a specified application in an 
electromechanical system, properly select a motor based upon its 
intended use. Determine the size, speed, operating voltage, and 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

National Electrical Manufacturing Association (NEMA) type for the 
required motor. Justify the selection by providing evidence to support 
the selection. 

11.2 Determine motor details: Determine the required over-current 
protection, motor control circuits, conductor types and sizes, and 
conduit types and sizes for a given motor and application. Compare and 
contrast the selections by providing supporting evidence for the 
selections. Work together with classmates to come to a consensus on 
requirements and report the results. 

    

11.3 Install Motors: Plan and execute the selection, installation, and 
wiring of the following motors. Document the plan and explain the 
detailed multistep process used to complete the procedure by the 
requirements of the National Electrical Code (NEC) and Occupational 
Safety and Health Administration (OSHA) regulations. 

a. DC motor (other than a permanent magnet motor), 

b. Single-phase capacitor motor, and 

c. Reversing three-phase motor. 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

12.1 Drive Systems: Identify and demonstrate an understanding of the 
components in typical mechanical drive systems (e.g., gear and belt 
drive) within an industrial setting. Compare and contrast gear versus 
belt drives and explain the differences between them. Simulating a 
period of production downtime, safely and correctly disassemble and 
reassemble both a gear driven mechanical drive and a belt driven 
mechanical drive in a specified amount of time. 

    

13.1 Calibration and Instrumentation: Examine a smart instrument used 
to measure pressure flow, temperature, or level and its corresponding 
communicator. Identify the basic parameters of the instrument such as 
tag number and calibration range. Plan and execute the setup of a 
communication loop and demonstrate how to calibrate the instrument 
by changing various parameters. 

    

14.1 Hydraulic Systems: Review drawings and interpret American 
National Standards Institute (ANSI) symbols to explain the function of a 
basic industrial hydraulic system. Explain the recommended regular 
preventative maintenance on hydraulic equipment and controls. 
Execute the recommended procedures and record the details of the 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

maintenance, explaining how the preventative maintenance will 
minimize failures in hydraulic equipment. 

15.1 Pumps: Identify and explain the operation and basic parts of gear, 
centrifugal, and positive displacement pumps found in an industrial 
setting. Simulating a period of production downtime, safely and 
correctly disassemble and reassemble each type of pump (e.g., gear, 
centrifugal, and positive displacement) within a specified amount of 
time. 

    

16.1 Pipe Fabrication: Inspect and interpret assembly drawings for 
piping in a typical industrial setting. Given multiple general piping parts, 
select the necessary parts to assemble both a bolted flange and a screw 
flange. Describe the multistep process used and provide evidence to 
support the selections that were made. 

    

17.1 Troubleshooting: Assess blueprints of a typical electromechanical 
system (e.g., motor driving a pump with a coupling, an instrumentation 
loop, etc.) and examine a given section of the system. Follow a 
troubleshooting procedure and identify the problems in a 
malfunctioning system within a specified time. Citing evidence from 
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Table 5:   Advanced Industrial Maintenance Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

blueprints and other resources, document the problem(s), explain the 
nature of the malfunction, and prescribe a recommended solution. 

Total     

Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Conceptual Understanding: The materials support the intentional 
development of students’ conceptual understanding of knowledge 
and skills aligned to standards. 

0 1 2 Evidence 

1.1 Safety Rules: Accurately read, interpret, and demonstrate adherence 
to safety rules including (1) rules published by the National Science 
Teachers Association (NSTA); (2) rules pertaining to electrical safety; (3) 
Occupational Safety and Health Administration (OSHA) guidelines; and 
(4) state and national code requirements. Be able to distinguish 
between the rules and explain why certain rules apply. 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

1.2 Safety Equipment: Identify and explain the intended use of safety 
equipment available in the classroom. For example, demonstrate how 
to properly inspect, use, and maintain safe operating procedures with 
tools and equipment. 

    

2.1 Citizenship: Explain the importance of electrical and/or computer 
engineers’ contributions to society. Select several contributions as 
justification and provide compelling evidence for how 
electrical/computer engineers’ designs are used in everyday 
applications. Incorporate a variety of sources to gather data, including 
print and electronic; cite each source, and briefly describe why the 
particular source is reliable. 

    

2.2 Postsecondary: Identify the postsecondary institutions in Tennessee 
that offer electrical engineering or electrical and/or computer 
engineering technology. Individually or in teams, develop and publish 
information that identifies admissions criteria, the postsecondary 
programs of study, and the secondary courses that will prepare 
students for success after high school in electrical or computer 
engineering fields. Cite each source adhering to standard citation 
conventions used in engineering disciplines. 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

3.1 Logic Gates: Identify each type of logic gate with a drawing, a 
description of its function in a short sentence or paragraph, a 
specification of each truth table, and the equation for each gate (buffer, 
inverter, AND, NAND, OR, NOR, XOR [difference], and XNOR 
[equivalence]), including the valid number of input(s) and output(s) for 
each gate. 

    

3.2 Flip Flops: Define D and JK flip flops by including a drawing, a 
description of the function in a short sentence or paragraph, and a 
specification of each truth table and equation. The description should 
explain how the “clock” signal is related to the flip flop. 

    

3.3 Combinational Devices: Design three (or more) combinational 
(without a clock signal) devices to a scale that would be typically 
implemented in a medium-scale integrated circuit (MSI: typically 10-
1000 gates). One of the devices should incorporate XOR / XNOR gates. 
Examples of devices include 4-bit or greater versions of the following: 
adder/subtractor, comparator, multiplexer, and calculator. Upon 
completion of the design, provide an overview of the device and its 
specifications, an accompanying schematic, and a list of the gates used. 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Present the project to classmates and refine the presentation based on 
their feedback. 

3.4 Combinational Project: Develop and publish information detailing a 
rich description of one of the combinational projects, including a 
schematic and summary of test results. If a prototyping system is 
available in the classroom (Xilinx, Altera, or similar), physically test the 
project and report results. If possible, include a video of the test. 
Present the project to the class, and revise based on peer feedback. 

    

3.5 Diagram and Schematic: Design a counter with up to 32 states and 
write an explanatory text describing how the counter operates using 
technical and domain-specific vocabulary. Provide a state diagram and 
draw a schematic for the circuit using D or JK flip flips. 

    

4.1 Counter: Design two (or more) sequential devices that utilize a 
counter. For example, design a traffic light system with two turn arrows. 
Explain the project with a description of the device, an accompanying 
schematic, and a list of the gates used. 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

5.1 Astable Monovibrator: In teams, design a clock signal using a 555-
timer in an astable monovibrator configuration. Simulate the design 
and/or build a prototype and measure the output frequency. If 
instrumentation to measure the frequency is not available (an 
oscilloscope for example), a clock frequency timed using a stopwatch 
can be used as an alternative. Compare and contrast the prediction of 
the outcome with actual results. Explain the circuit design, the 
prediction, and the results from the simulation or prototype. Note: The 
instructor may wish to constrain the output frequency by supplying a 
resistor value and/or a capacitor value. 

    

5.2 Counter: In teams, design a counter with between 16 and 32 states. 
Clock the counter using an oscillator of known frequency and predict 
the frequency from each output (each bit in the counter). Simulate the 
counter to verify the prediction. If possible, the counter should be 
physically prototyped to verify the prediction and simulation. Calculate 
the error between the prediction and simulation or prototype. Produce 
a technical report to summarize findings. 

    

6.1 Multiplexer: Design a circuit with 4-8 signals and use a multiplexer to 
select one of the signals as the output, then simulate the circuit. Explain 
the circuit describing the inputs, explaining the circuitry used to select 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

the channel to output, featuring a timing diagram illustrating the 
successful operation of the circuit. 

6.2 Multiplexer with Gates: In teams, design a 4-channel multiplexer 
using gates. Simulate or build a prototype of the circuit and 
demonstrate it to the class. Participate in a class discussion that 
compares and contrasts the various designs exhibited. As a class, 
determine the best design and provide supporting evidence from 
observations and functionality to justify the decision. 

    

7.1 Analog and Digital Counters: Design a circuit using an A/D converter 
to measure the temperature in the room. Specify the assumptions 
made for minimum and maximum temperatures and calculate the 
resolution (step) of the system. Upon completion of the circuit, write a 
technical specification of the design; then present the design and 
technical specifications to the class, including a graph showing the input 
and output values. Using the feedback from classmates, write a 
summary describing how the design could be revised 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

and improved in future projects. Note: Instructors may substitute a 
similar project in which a continuous and limited quantity is measured. 

7.2 Uses for Converters: Explain the uses for A/D and D/A converters in 
a current technical device. For example, describe how data acquisition 
systems in race cars use A/D and D/A converters. Draw on the research 
findings to develop talking points and participate in a mock public 
forum on the uses for A/D and D/A converters. 

    

8.1 Computer System: Sketch and describe a block diagram of a 
computer system, detailing at least the following components: 

a. microcontroller/microprocessor, 

b. cache, 

c. RAM (random access memory), 

d. large-scale memory, 

e. input devices, and 

f. output devices (monitor[s]). 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Show the proper connections between each component, such as data 
bus and address bus connections. Using visual aids, present and explain 
the block diagram to the class. 

8.2 Microcontroller: Program a microcontroller-based system to 
perform a series of tasks. The microcontroller should be part of a larger 
system. Upon completion of the programming, explain the functions 
and intended uses of the end product. Include the specifications of the 
series of tasks performed by the microcontroller and the programming 
code with comments for each function. 

    

8.3 Physical Computing: Create a system to demonstrate how hardware 
is connected to code. For example, write code, assemble the hardware 
components, run the code, and assess if the hardware does the 
intended action. 

    

9.1 Troubleshooting: Consult technical documents (such as data sheets, 
timing diagrams, operating manuals, and schematics) of digital 
components (TTL, CMOS, etc.) to develop a troubleshooting 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

methodology for a digital circuit that could be used by a new technician. 
Explain the troubleshooting procedure. 

10.1 Team Project with Data Analysis: As a team, identify a problem 
related to the program of study as a whole. Research and utilize the 
Engineering Design Process to design a solution. Document the 
following steps in an engineering design notebook for inclusion in the 
program portfolio. When possible, connect the problem to an existing 
SkillsUSA event. 

a. Problem Identification: Brainstorm specific problems and 
challenges with the program of study. Conduct basic research to 
understand the scope and implications of the identified problem. 
Identify one problem as a focus area. 

b. Research and Analysis: Conduct in-depth research on chosen 
topics related to the problem. Locate and analyze a dataset related 
to the problem. 

c. Review the Stages of the Engineering Design Process: Define the 
problem, research, brainstorm solutions, develop prototypes, test 
and evaluate, and iterate. Consider constraints such as cost, 
efficiency, and environmental impact during the design process. 
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Table 6:   Digital Electronics Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
d. Project Implementation: Assign specific roles within the design 
teams (e.g., project manager, researcher, designer, tester). Design a 
solution tailored to address the identified problem or scenario. 
Document progress through design journals, sketches, diagrams, 
and digital presentations. (Note: Prototype is optional in the Year 2 
course.) 

e. Presentation and Reflection: Showcase the problem and solution 
to the class. Share the data that was analyzed and how it affected 
the solution. Discuss the design process and challenges. As a class, 
critically evaluate the effectiveness and feasibility of the solutions 
and propose potential improvements. 

Total     
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Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Conceptual Understanding: The materials support the intentional development of students’ 
conceptual understanding of knowledge and skills aligned to standards. 

0 1 2 Evidence 

1.1 Safety Rules: Accurately read and interpret safety rules, including but not limited to rules 
published by the National Science Teachers Association (NSTA), rules pertaining to electrical safety, 
Occupational Safety and Health Administration (OSHA) guidelines, and state and national code 
requirements. Be able to distinguish between the rules and explain why certain rules apply. 

    

1.2 Safety Equipment: Identify and explain the intended use of safety equipment available in the 
classroom. For example, demonstrate how to properly inspect, use, and maintain safe operating 
procedures with tools and equipment. 

    

2.1 History of Robotics: Research the historical use of robotics from textbooks, news media, and 
other informational texts. Create a presentation concerning the various uses of robotics. For 
example, explore areas such as the surgical field, space exploration, agriculture, and advanced 
manufacturing. 

    

2.2 Use of Robots: Explain why robots should be used in certain circumstances. Include the use of 
collaborative robots (cobots) in manufacturing facilities. Cite textual evidence to support claims. For 
example, assemble evidence from medical journals to support a claim that the use of robots has 
lowered costs and increased efficiency among medical providers. Other examples may derive from 
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Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

the areas identified in standard 2.1. Defend original arguments and debate peer perspectives using 
claim(s) and counterclaim(s) developed in the persuasive essay. 

3.1 Robotic Careers: Report on jobs in industries, organizations, and careers in Tennessee and other 
states that use robotics, such as Nissan in Automotive Manufacturing. Include work activities 
involved, postsecondary education needed, and skills necessary for these careers. These could range 
from industry certifications to degrees in robotics engineering. 

    

3.2 Robot Impacts: Research the ethical considerations involved in developing new and modifying 
existing robotic technologies. For example, investigate the National Society of Professional Engineers’ 
(NSPE) Code of Ethics for Engineers or the Computer Ethics Institute’s Ten Commandments of 
Computer Ethics. Select an existing technology and describe the ethical dilemmas faced by both 
producers and consumers of that technology, such as trade-offs between individual versus societal 
benefits or unforeseen consequences to the environment. For example, examine why some workers 
and labor unions may view robots as a threat to their jobs. 

    

4.1 Robotic Programming: Create a flowchart of a program for a robotic system. Convert the 
flowchart into a working program. Test, modify, and optimize the program. Write a technical report 
evaluating the performance of the program. Support all claims with specific examples. 
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Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

4.2 Data: Log, store, and export data received from two or more sensors (e.g., vision/light, audio, and 
touch) in a robotic or automated system. Explain why these procedures would be useful and provide 
specific examples 

    

5.1 Engineering Design Process: Compare and contrast the following engineering design process with 
the eight practices of science and engineering (Achieve, 2013). Based on observations, explain how 
the engineering design process and the science and engineering practices overlap, and describe how 
they might be used in automated systems design. 

    



Industrial Maintenance and Mechatronics Instructional Materials Scoring 
Rubric 

 

 

Division of College, Career and Technical Education • Andrew Johnson Tower, 9th Floor • 710 James Robertson 
Parkway • Nashville, TN 37243 • tn.gov/education 

 
 

40 | September 2024 

Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

 

6.1 Robots as Machines: Create an explanatory presentation that describes the parts necessary to 
make a robot and distinguishes it from a computer and a non-robotic machine. Parts necessary to 
make a robot include (1) having a microprocessor for a brain (2) sensors for input and output, (3) 
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Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

controls, and (4) motors. The presentation should include an informative report that describes 
various types of sensors (e.g., auditory, visual, heat, etc.) and a summary of how sensors provide 
input. It should also describe various types of output (e.g., motors, mechanisms, speakers, light, etc.) 
and discuss how sensors provide output. 

6.2 Programming: Design, develop, and test a program to control a robotic system and robotic 
subsystems. The program should be able to receive data from a robot’s input devices, process the 
data, and create outputs based on the inputs received. Present the robotic system to the class and 
provide details on the methodology used to design and develop the program justifying selections as 
appropriate. 

    

6.3 Feedback Loops: Utilize feedback loops in a robotic system. For example, create a demonstration 
scenario and program a robot that requires the following: start, stop, or change motion within a 
robotic or automated system based on sensor input provided by two or more sensors, such as 
vision/light, audio, and touch. 

    

7.1 Mechanics in Robots: Use mechanical tools, such as motors, gears, and gear trains in the 
construction of a robotic or automated system. Identify where forces are acting upon various points 
on the system and document with simple diagrams. Use the concepts of force, torque, and 
mechanical advantage to calculate the force acting upon the points in the system. 
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Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

7.2 Robotic Work: Develop a system to demonstrate force, torque, work, and power acting upon or 
being done by a robotic or automated system. Justify the design by creating mathematical models 
that show the calculations. 

    

8.1 Measure Outputs: Use appropriate instruments to measure and record electrical, light, and audio 
outputs of a robotic system. Compare measured data to acceptable norms for the system. Document 
whether the system is performing within accepted parameters and cite evidence to support the 
claims. Perform maintenance or follow recommended procedures to correct malfunctions or 
underperformance within the system. Write a justification for any maintenance that is performed 
citing data obtained from test results. 

    

8.2 Maintenance: Create a service and maintenance report on a robotic or automated system. The 
report should include text explaining the maintenance and corrective measures conducted. It should 
also include text justifying whether the system is functioning properly or recommending additional 
measures to correct any issues within the system. Finally, it should include text recommending 
quality-assurance policies and procedures to ensure the continuing operation of the system within 
acceptable parameters and text describing corrective procedures to be used when the system is 
malfunctioning or operating below optimal performance. 

    

9.1 Robot Project: Working in a team, design and create a robotic solution to a given problem. 
Incorporate the engineering design process, as well as science and engineering practices, to develop 
a solution that meets the criteria for entries in a regional, state, or national robotics competition. 
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Table 7:   Robotics and Automated Systems Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Maintain an engineering notebook to document the details of the project. Write a technical paper 
including the components below, and develop a presentation describing the solution and 
development process for the team solution. The technical paper should include, but is not limited to: 

a. background, 

b. problem definition, 

c. design constraints, 

d. methodology, 

e. data analysis (e.g., charts, graphs, and calculations), 

f. results/problem solution (include engineering drawings), and 

g. conclusions and recommendations for future research. 

Total     
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Table 8:   Mechatronics I Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Conceptual Understanding: The materials support the intentional 
development of students’ conceptual understanding of knowledge 
and skills aligned to standards. 

0 1 2 Evidence 

1.1 History of Mechatronics: Explain the historical development of the 
four facets of a mechatronic system (mechanical systems, electronic 
systems, computers, and control systems) and explain their chief 
applications in modern society. 

    

1.2 Flow of Energy: Describe the flow of electrical and mechanical 
energy in the system. Create a computational model to represent the 
transfer of energy from one component to another in a system. 

    

2.1 Safety Rules: Interpret safety rules, including but not limited to rules 
pertaining to electrical safety, Occupational Safety and Health 
Administration (OSHA), and state and national code requirements. 
Apply the rules accordingly while working on electrical and mechanical 
components and explain why certain rules apply. 

    

3.1 Roles of Electrical Components: Demonstrate an understanding of 
the specific roles of various electrical components discerned in a circuit 
schematic by correctly predicting the effects of changing selected 
parameter values. For example, predict the effect of halving a resistor’s 
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Table 8:   Mechatronics I Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

value. Compare and contrast these roles and explain how electronic 
designs vary within a given system or module. 

3.2 Direct Current Circuits: Create, measure, and analyze basic director 
current (DC) circuits prescribed by schematics using Ohm’s law, 
Kirchhoff’s law, and Watt’s law to predict and verify circuit behavior. 
Apply understanding of these laws to troubleshoot simple circuits, and 
document the steps required to remedy the trouble. 

    

3.3 Behavior of Direct Current Circuits: Create, measure, and analyze 
circuits prescribed by schematics to predict and verify the behavior of 
series versus parallel DC circuits or resistances. Where unexpected 
behavior is observed, cite specific evidence to explain the observations. 

    

3.4 Operation of Components: Explain the physical operation of 
electromagnetic and electrostatic components (such as coils, solenoids, 
relays, and various sensors) in a mechatronic system. Interpret resolved 
work orders by analyzing underlying issues and explaining the correct 
physical operation of the included components. 
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Table 8:   Mechatronics I Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

3.5 Report on Circuit Behavior: Create, measure, and analyze circuits 
prescribed by schematics to predict and verify the behavior of the 
electrical and physical properties of components (such as resistors, 
capacitors, diodes, transformers, relays, and power supplies). Report 
findings explaining the typical application and operation in circuits of 
the previously listed components, citing measurement and/or observed 
evidence supporting the explanation. 

    

4.1 Mechanical Components: Demonstrate understanding of the 
specific role of various mechanical components in mechatronic systems, 
discerning in a system schematic the effects of various design 
parameters on the system behavior. For example, predict the effect of a 
larger gear size. Compare and contrast these roles in the context of 
mechatronic systems, modules, and subsystems, explaining how 
designs vary within a given system or module. 

    

4.2 Behavior of Components: Create, measure, and analyze mechanical 
systems prescribed by drawings to predict and verify the behavior of 
the physical operation of components in a mechatronic system, 
including but not limited to: 

a. springs and spring-like effects, 
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Table 8:   Mechatronics I Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 
b. dampers and energy dissipation, and 

c. masses (weights). 

Report findings and outline the typical application in systems of the 
components listed above, citing the observed behavior to support 
explanations. 

4.3 Mechanical Drives: Interpret technical information in design 
problems to analyze forces, speeds, torque, and power for mechanical 
drives including: 

a. gears, cams, screws, and levers; 

b. belt and chain drives; 

c. flywheels; and 

d. motors and generators. 

Explain the typical application and operation in systems of the 
components listed above, citing measurement and/or observed 
evidence to support explanations. Create equations that describe 
relationships to solve the design problems and justify the solutions 
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Table 8:   Mechatronics I Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

4.4 Motors: Research and measure the behavior of different types of 
alternating current (AC) motors and direct current (DC) motors, 
comparing and contrasting behaviors, and drawing inferences from the 
observations to create a checklist for use by a technician to ensure 
proper functioning of equipment. 

    

4.5 Mechanical Properties: Design an experiment to observe and 
measure the mechanical properties and behavior of shafts, couplings, 
and sealing devices with and without proper lubrication. Document 
research and measurement results in a technical report to be used by 
other technicians. 

    

4.6 Power Transmission: Demonstrate understanding of power 
transmission components, such as clutches and brakes, by measuring 
the operation of working automotive equipment. Explain the role of 
each component and how they work together in a system. 

    

4.7 Maintenance and Adjustments: Assess the required maintenance for 
a variety of mechatronic system components in a mechatronic device 
and carry out the necessary adjustments to the system. Document and 
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Table 8:   Mechatronics I Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

justify the adjustments in an equipment log that can be easily 
referenced by technicians and engineers. 

5.1 Troubleshooting: Assess a mechatronic system using technical 
documents (such as data sheets, timing diagrams, operating manuals, 
and schematics). Troubleshoot the malfunctions in electrical 
components. Record and analyze test results and prepare written 
testing documentation to justify a solution. 

    

5.2 Report: Verify by observation and measurement of the parts, 
relationships, and behavior depicted by the technical data sheets for 
the mechanical and electrical components within a mechatronic system. 
Create a report to be used by another technician maintaining and 
operating these components and drives. 

    

Total     
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Table 9:   Mechatronics II Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

Conceptual Understanding: The materials support the intentional 
development of students’ conceptual understanding of knowledge 
and skills aligned to standards. 

0 1 2 Evidence 

1.1 Safety: Accurately read and interpret safety rules, including, but not 
limited to, the rules for handling high-pressure pneumatics and 
hydraulics. Analyze the implications of the various rules and employ 
them accordingly while working on mechatronic systems with control 
system components, explaining why certain rules apply. 

    

2.1 Pneumatic and Hydraulic Components: Demonstrate an 
understanding of the interrelationships and specific roles of (electro) 
pneumatic and hydraulic components and modules within a complex 
mechatronic system. For example, explain the expected changes in one 
or more systems on other components and modules in the total 
mechatronic system. 

    

2.2 Pneumatic and Hydraulic Differences: Identify the differences 
between hydraulic and pneumatic fluid power and justify decisions 
surrounding when to use control systems based on one component as 
opposed to the other. 
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Table 9:   Mechatronics II Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

2.3 Pneumatic and Hydraulic Principles: Create laboratory setups or 
simple control systems that apply hydraulic and pneumatic principles 
such as Boyle’s Law and Pascal’s Law. Apply these principles to solving 
problems and troubleshooting mechatronic systems, explaining the 
reasoning behind each step. 

    

2.4 Components of Fluid Power Systems: Conduct research to identify 
the basic components and functions in a fluid power system using real-
world examples of hydraulic/pneumatic systems. Summarize and 
explain this information. 

    

2.5 Properties of Components: Measure and analyze basic physical 
properties of electro pneumatic and hydraulic components, such as 
cylinders, directional control valves, regulators, flow control valves, 
pumps, and motors, within a given system. Interpret resolved work 
orders by analyzing underlying issues and explaining the correct 
physical operation of the included components. 

    

2.6 Flow of Fluid Energy: Describe the flow of fluid energy in a given 
mechatronic system or subsystem. Create a graphic illustration to 
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Table 9:   Mechatronics II Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

represent the transfer of energy from one component to another in the 
system. 

3.1 Programmable Logic Controllers: Explain the different roles of 
programmable logic controllers (PLCs) in complex mechatronic systems, 
modules, and subsystems, and be able to verbally describe their 
components and operation to others. Explain the basic components of 
a PLC, addressing how the role of a PLC varies in different systems, such 
as mechatronic systems, modules, and subsystems. 

    

3.2 Flow of Information: Demonstrate understanding of the flow of 
information in a given mechatronic system or subsystem focusing on 
the control function of PLCs in the system. Describe the flow of 
information to/from an equipment operator 

    

3.3 Boolean Logic: Given a control scenario bound by several logical 
parameters, create Boolean logic equations to prescribe the use of logic 
gates in the implementation of the scenario. Show how they apply to 
the functioning of a real-world mechatronics system explaining the 
reasoning involved. 
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Table 9:   Mechatronics II Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

3.4 Codes: Demonstrate understanding of hexadecimal, decimal, octal, 
binary, 2s complement, and binary coded decimal (BCD) values as used 
in a common PLC. Explain how these codes are relevant to mechatronic 
systems. 

    

3.5 PLC Programming: Convert wiring and ladder diagrams for simple 
logic chores into PLC programs that use common instructions such as 
digital, logical, compare, compute, move, file, sequencer, and program 
control instruction sets. 

    

4.1 Maintenance Assessment: Referencing technical documents, such as 
data sheets, circuit diagrams, displacement step diagrams, timing 
diagrams, function charts, operations manuals, and schematics, for 
pneumatic and hydraulic components within a mechatronic system, 
assess the required maintenance for such systems taking appropriate 
measurements where needed, and perform the necessary adjustments 
on these systems. Document and justify adjustments in an equipment 
log that can be referenced by technicians and engineers. 

    

4.2 Troubleshooting: Troubleshoot malfunctioning pneumatic and 
hydraulic systems. Identify the source of the problem(s), plan a 
multistep procedure to correct the malfunction, implement the plan, 
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Table 9:   Mechatronics II Alignment of Content 
 

Directions: 
• 0: The standard is not present within the material. 
• 1: The standard is present within the material.  The intent and/or frequency component of the standard is not fully met.  
• 2: A rating of 2 indicates the standard is present and all aspects of the standard are fully met. 

and verify the corrective action. Document the cause of the malfunction 
and justify the procedure used to correct it. 

Total     


