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Abstract 

The purpose of this thesis is to create a fundamental math curriculum resource 

that will be a part of and serve as a foundation for a larger STEM curriculum for math 

instructors of individuals pursuing entry-level positions in manufacturing. As the field of 

manufacturing becomes more computer focused, there is a “digital divide,” with many 

current and potential employees being ill-equipped in basic STEM skills, of which math 

is foundational. This deficiency in math skills contributes to deep disparities in income 

and upward mobility as unemployment soars in communities of color and thousands of 

potential employees remain unemployed or under-employed, all while employers in the 

manufacturing industry are complaining they are not able to fill jobs with qualified 

candidates. Company productivity and profits are shrinking and the loss of potential 

income to individuals is significant. Indeed, this predicament is estimated to wreak a 

negative impact of trillions of dollars on the US economy. This thesis posits that key to 

beginning to reverse this negative trend and to move this country to a more competitive 

STEM workforce in manufacturing is training in fundamental and practical math skills 

specific to the industry.  

The curriculum resource is designed to support a workforce-ready population of 

men of color who are ideal candidates for STEM manufacturing jobs, but who are ill-

equipped in foundational math skills.  A community-based pedagogy and historical 

perspectives are emphasized to promote self-interests and motivation among Black and 

Brown men. 
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Chapter I. 

Introduction 

The U.S. manufacturing sector is currently experiencing a boom in job growth 

and a more technology-reliant infrastructure that would benefit from an increase in 

adults entering the workforce with a greater understanding of science, technology, 

engineering, and mathematics (STEM).  Manufacturing jobs lost in western countries 

during the latter half of the twentieth century due to companies downsizing to move to 

other countries for cheaper labor, are now resurging. At the same time, manufacturing 

industry recruiters are reporting a decrease in qualified workers to fill open positions, 

especially those trained in fundamental math and STEM skills needed for a technology-

evolving manufacturing field (Noria News Wires, 2019).   

There are currently 12.75 million manufacturing workers in the United States, 

accounting for 8.6 percent of the workforce (U.S. Bureau of Economic Analysis, 2018; 

U.S. Bureau of Labor Statistics, 2019). Since the end of the recession in 2008, 

manufacturers have hired an additional 1.3 million workers. There are 7.98 million 

workers in durable goods manufacturing and 4.77 million workers in non-durable goods 

manufacturing (U.S. Bureau of Labor Statistics, 2019). In January 2020, the U.S. 

economy created nearly 500,000 new jobs in manufacturing according to the 

Employment and Training Administration (2020). A 2012 Society for Human Resource 

Management Survey found that 75 percent of manufacturing companies were hiring, up 

from 50 percent two years before.   
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Despite this increase in job openings, 67 percent of manufacturing companies 

reported they were having difficulties recruiting for specific manufacturing job (Deloitte 

and Manufacturing Institute skills research initiative, 2018). Given the resurgence of job 

openings in the manufacturing industry, there is a current and future need for skilled 

workers (Norea News Wire, 2019). Unfortunately, a career in manufacturing has not been 

seen as a viable option after the decades-long trend of declining manufacturing jobs. 

Rewarding manufacturing jobs in the United States may be going unfilled because of the 

outdated image of grimy factories and unskilled, blue-collar labor. A significant 

challenge facing the industry is an inherent bias toward manufacturing jobs that brands 

the industry as dead-end low-paying employment for workers who are relatively 

uneducated. But this perception is far from the reality. The manufacturing industry is not 

the same as it was 50 years ago. Manufacturing offers workers technical skills and 

careers. In fact, manufacturing companies need employees with advanced technical skills 

to fill the current job openings. As McEwen (2019c) noted, computers and robotics have 

created a technical and dynamic environment. Our education system, particularly 

mathematics education, is obligated to adjust to a changing manufacturing industry to 

prepare today’s students for tomorrow’s needs. To change the perception of the 

manufacturing industry, vocational educational programs are designing curricula aimed 

to bring manufacturers, schools, and students together to explore employment options in 

the industry (McEwen, 2019a, 2019b).   

Furthermore, the idea that manufacturing jobs are dead-end positions with low 

pay is incorrect. In 2017, the average manufacturing worker in the United States earned 

$84,832 annually, including benefits (U.S. Bureau of Economic Analysis, 2018; U.S. 
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Bureau of Labor Statistics, 2019). The average worker in all non-farm industries earned 

$66,847. According to the U.S. Bureau of Economic Analysis (2018) and U.S. Bureau 

of Labor Statistics (2019), the average manufacturing worker earned more than $27 per 

hour (not including benefits). In addition, many manufacturing corporations are offering 

salary incentives above the market rates for skilled employees to fill critical positions to 

keep their operations afloat.   

Besides providing necessary employment and decent salaries, manufacturers 

have one of the highest percentage of workers who are eligible for health benefits 

provided by their employers. Ninety-two percent of manufacturing employees were 

eligible for health insurance benefits in 2019, according to the Kaiser Family 

Foundation (2019). This percent is significantly higher than the 79 percent average for 

all industries (Kaiser, 2019). Reportedly, of those who are eligible, 84 percent 

participate in their employer’s insurance plan (Kaiser, 2019).   

Milwaukee, Wisconsin is a microcosm of this larger manufacturing picture. The 

city has a robust manufacturing industry sector with a growing need for skilled workers. 

Milwaukee also has a large underemployed and unemployed population, particularly 

black and brown males, who can fill the growing number of manufacturing jobs. Black 

Americans in the U.S., and specifically in Milwaukee, continue to have the highest 

unemployment rate, well above the national average. In 2017, compared to a national 

average of 7.5 percent, more than nine percent of black job seekers in Milwaukee could 

not locate employment (Cornelius, 2018). The unemployment rate among black people 

in the U.S. in 2020 was 14.6 percent (U.S. Bureau of labor Statistics, 2020). Only four 

states had higher black jobless rates than Wisconsin (Wisconsin Budget project, 2018). 
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The Wisconsin’s unemployment rate for white workers in the same year was 2.6 percent 

(Cornelius, 2018) which closely tracks the national average.  

 The current thesis project is a basic curriculum designed with a focus on the 

developments of math skills for workers in the manufacturing industry to address the 

plethora of unfilled open jobs. The project also aims to address related societal and 

individuals’ preparation for gainful employment. A significant goal of the project is to 

address a blatant disparity in employment that positions males of color at a 

disproportionate economic disadvantage, a disparity that is in part rooted in an 

inequitable education system. Historically, under-represented populations that account 

for a large subset of blue-collar and new-collar workers, more likely to be overlooked 

for manufacturing jobs than their white counterparts. Due to several systemic factors 

including academic/educational disparities that result in low literacy and negligible math 

skills, coupled with antiquated hiring practices, many Black and Brown males who are 

“workforce ready” are overlooked for manufacturing jobs including computer numerical 

control (CNC) machine operators, programmers, and operators.  

The thesis project proposes that one way to address these educational and 

economic inequities in manufacturing is to create and implement core modules in math 

relevant to manufacturing.  The math modules are designed foundational skills needed 

in manufacturing and will be used to prepare potential employees for current positions 

of apprenticeships in manufacturing. As such, one goal of the thesis is to develop a 

culturally relevant manufacturing math curriculum that will support the learning of 

basic math skills for minority, under-represented and/or disenfranchised populations. 

The curriculum that is designed around math that is needed to operate the modern, 
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STEM-based machines in manufacturing, connects students to relevant historical 

perspectives aimed at motivating students’ interests and uses community-based 

pedagogy to support student learning. Job seekers with the required math knowledge 

and skills may have an increased opportunity to secure manufacturing jobs and earn 

livable wages to sustain their families.   

As the field of manufacturing becomes more computer focused, there is a digital 

divide with many current and potential employees being ill equipped in basic STEM 

skills, of which math is foundational. This dearth is causing deeper disparities as 

unemployment soars and thousands of potential employees remain unemployed or under-

employed while employers claim they are not able to fill jobs with qualified candidates 

primarily due to lack of math and STEM skills. Company productivity and profits are 

diminishing and the cost to individuals and society is massive. Indeed, this crisis is 

estimated to wreak $2.5 trillion negative economic impact (Norea News Wire,  2018). 

Key to beginning to reverse this trend and move Black and Brown men in this country to 

be more adept and competitive in STEM manufacturing, is to start with training available 

workers in fundamental and practical math skills that serve as foundation for a STEM-

focused curriculum specific to the industry. The thesis project is the development of five 

core modules in a fundamental math curriculum designed to train individuals pursuing 

positions in manufacturing.
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Chapter II. 

Literature Review 

The importance of manufacturing to the U.S. economy cannot be overstated. The 

need to fill positions with workforce-ready candidates trained in science, technology, 

engineering, and mathematics (STEM) is dire. According to the U.S. Bureau of 

Economic Analysis (2019), manufacturers contributed more than two trillion dollars to 

the U.S. economy in the first three months of 2018. This figure has risen from $1.70 

trillion since the second quarter of 2009. During this time frame, value-added output from 

durable goods in manufacturing grew from $0.86 trillion to $1.26 trillion, with 

nondurable goods rising from 0.84 to 1.07 trillion dollars. In 2017, manufacturing 

contributed nearly 12 percent of the economy's Gross Domestic Product (U.S. Bureau of 

Economic Analysis, 2019).  

Unemployment Rates for Men of Color 

While manufacturing companies report the inability to fill positions, 

unemployment rates are soaring among viable candidates, including people of color, 

blue-collar, and new-collar workers. This disparity in unemployment is due to several 

factors, including academic/educational systemic inequalities that result in low literacy 

and little math skills, causing these workforce-eligible adults to be unprepared for the 

manufacturing positions. As a result, many potential workers are overlooked for 

manufacturing jobs because of these systemic inequities and antiquated hiring practices. 
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In Milwaukee, Wisconsin, pre-Covid 19 unemployment rates are staggering, 

especially for minority and underrepresented populations. In 2008, and as reported in the 

New York Times Best-selling book "Evicted," one out of every two African American 

men in Milwaukee was unemployed (Desmond, 2016). The numbers have not improved 

even after the economic recovery from the "Great Recession." According to the U.S. 

Bureau of Justice Statistics (2019), the unemployment rate for Black men in the U.S. over 

20 years of age in August 2020 was 13.2 percent. Some 1,225,000 Black males were 

unemployed. Additionally, Hispanic males accounted for 13.4 percent of the unemployed 

male 25 To 54 years old.  

Historically under-represented and under-served populations in Wisconsin have 

an exceptionally high employment rate (Cornelius, 2018) while accounting for a 

negligible portion (less than five percent) of the manufacturing workforce. As a result, 

many Black and Brown men find themselves out of work despite available job openings 

at manufacturing giants, including Harley Davidson, General Electric (G.E.), and 

Healthcare Rockwell International, located in Milwaukee. Not surprising, coupled with 

this remarkably high unemployment rate, is the stark and disturbing statistic that 

minorities, particularly African American males, in Wisconsin rank among the lowest in 

the country on literacy and math competencies (Beck, 2019).   

All U.S. industries face labor shortages even though available, yet unidentified, 

talents exist. This shortage of skilled labor is particularly acute in the manufacturing and 

engineering industries. Noria News Wire (2019) noted that 84 percent of manufacturing 

executives report a talent shortage in U.S. manufacturing and is projecting that this 

shortage will become even more pronounced within the next ten years as over 2.7 million 
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professionals are due for retirement from the industry. According to the article, the gap 

accounting for unfilled positions from a lack of skilled workers will grow to over 2 

million by 2025. Nearly eight out of ten executives surveyed report that "workforce 

shortages or skills deficiencies in production roles have a significant impact on their 

ability to meet customer demand" (Norea News Wire, para 4). Likewise, 78 percent of 

the executives interviewed for the article indicate that the inability to find qualified 

workers also affects their implementation of new technologies that could increase their 

productivity.   

Despite financial incentives of higher salaries, manufacturing companies still 

suffer from an inability to fill critical open positions. This "labor shortage" has seemingly 

reached alarming levels, causing some international firms to shut down their second and 

third shifts and incurring a massive loss of productivity and profit. This crisis is estimated 

to wreak a $2.5 trillion negative economic impact (Norea News Wire, 2018). There is 

thus a need for concerted, novel, and aggressive efforts to provide foundational education 

and training in core competencies, particularly math skills, to workforce-eligible 

individuals.   

The Education of Black and Brown Males 

Limited academic preparation is often blamed for the under-representation of 

individuals from lower socioeconomic populations and people of color, who are often 

overlooked for manufacturing jobs. The historical and ongoing prejudice embedded in 

our educational system leads to the miseducation and under-education of these 

marginalized populations. From a pipeline perspective, reports on STEM participation 

highlight demographic differences in high school and college student enrollment in math 
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and science courses (Alonso-Villar & del Río, 2017). For example, in 2009, 42 percent of 

Asian and Pacific Islanders and 18 percent of White students had taken calculus in high 

school, compared to only nine percent of Hispanic students and six percent of Black 

students (Alonso-Villar & del Río, 2017). Students often begin to shape their interests for 

future careers in high school, and the interests they develop in high school can affect their 

pathways into certain occupations (Morgan et al., 2013). High school career and technical 

education (CTE) may significantly influence students' future career paths. CTE courses 

and programs of study provide more explicit connections to fields of employment than 

other high school courses (Leu & Arbei, 2020). Consequently, minority students were 

generally less likely than white students to choose careers in the clusters of agriculture, 

architecture, manufacturing, and STEM.  

The high school graduation rate for Black and Hispanic males nationwide 

continues to lag the graduation rates for their White and Asian peers. In addition, high 

school dropout rates for boys of color are staggering. The U.S. Bureau of Justice 

Statistics (2019) noted that in 2018, Black males accounted for 34 percent of the total 

male prison population. Hispanic males in prison comprised 24 percent and White males 

represented 29 percent. Compared to the percentages of Black and Brown individuals in 

the U.S., the prison population is significantly over-represented by men of color.   

Due to the disparities in education and training (del Río & Alonso-Villar, 2015; 

Hegewisch & Hartmann, 2014), employment discrimination (Bertrand & Mullainathan, 

2004; Pager & Shepherd, 2008), and job networking dynamics (McDonald, Lin, & Au, 

2009; Petersen, Saporta, & Seidel, 2000), members of different racial/ethnic groups and 

gender are concentrated in different occupations. Asians, for example, tend to be 
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overrepresented in STEM, while Blacks and Hispanics are significantly underrepresented 

(del Río & Alonso Villar, 2015; Lee & Mather, 2008). In addition, STEM is one of many 

fields with longstanding gender and racial/ethnic biases leading to an underrepresentation 

of the number of women and people of color. 

Meanwhile, African American and Hispanic men tend to be overrepresented in 

low-skill manual occupations such as construction and transportation. The U.S. Bureau of 

Labor Statistics (2018) reported that among employed men, 55 percent of Asians worked 

in management, professional, and related occupations, compared with 37 percent of 

Whites, 26 percent of Blacks, and 19 percent of Hispanics. In addition, about 20 percent 

of employed Black and Hispanic men were employed in service occupations, compared 

to 13 percent of both employed Asian and White men. Employed Black and Hispanic 

men also were more likely than White and Asian men to work in production, 

transportation, and material moving occupations. This thesis project begins to address 

some of the underlying systemic disparities in the education of men of color. The project 

involves the development of a critical foundational math curriculum resource for 

instructors of individuals who are under-served and from minority populations to prepare 

them for careers in manufacturing.  
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Chapter III. 

Modules 

The Foundational Manufacturing Math Curriculum presents five modules that would 

be important for preparing students for manufacturing: 1) Real Numbers; 2) Introduction 

to Fraction, Decimals and Percents; 3) Measurement Conversion 4) Bases; and 5) 

Tolerances.  In the Real Numbers module, students will learn the concept of a real 

number and the subsets of real numbers including rational numbers, irrational numbers, 

integers, whole numbers, and natural numbers. Students will gain an appreciation for how 

these subsets of real numbers are used in manufacturing.  The Fractions, Decimal and 

Percents module is an extension of the real numbers module that looks specifically at 

rational numbers.  Students will develop skills for converting from one form to the other 

and perform simple operations with the rational numbers. The Measurement Conversion 

module introduces students to conversion factors and processes for converting to and 

from metric and standard measurement systems and will sharpen their multiplication and 

division skills. Students will also gain proficiency with unit analysis. The Bases module 

extends students engagement with conversion processes by expressing numbers in 

different bases.  In particular, the module introduces students to the base-two language of 

computers.  Students will convert from the decimal systems to the binary number system, 

and other base number system.  In the final module, students represent tolerance 

problems using absolute value notation, and gain skills to solve absolute value problems 

used in the context of manufacturing. 
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Each Module is organized with the following sections: Opening questions, 

Objectives, Resources and Materials, Class Agenda, Historical Perspectives, Lesson 

Activity, Lesson Warp Up, Assignment, Extending the Lesson, and Notes to Instructors. 

The opening questions are oriented to encourage conversations amongst the students, to 

promote a valuing of students’ lived experiences, and to amplify their voices in the 

classroom.  Throughout the lessons, instructors are encouraged to motivate student 

conversations by asking open-ended questions intended for community building. 

Instructors may consider asking the following open-ended questions in each of the 

modules 

• “What resonated with you as you were doing the activity 

• “What was surprising to you?” 

• “What do you take-away?” 

• “What questions did this activity answer for you? 

• What additional questions were raised for you? 

Students should have opportunities to make connections between the content, their 

individual interests, experiences, feelings, attitudes, prior knowledge, etc
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Module 1: Real Numbers 

What are real numbers?  Are there numbers that are not real?  How many real 

numbers exist?  What are the different types of numbers we use in our everyday lives?  

More specifically, what types of numbers show up in manufacturing?   Have you ever 

wondered about these questions?  Could you imagine what it would be like if we did not 

have real numbers? In manufacturing we use blueprint with measurement to create parts. 

The measurement on the blue prints has to be precise otherwise the parts will not serve 

their purpose. Without precise measurements of real numbers, it would be virtually 

impossible to make anything at all such as a simple screw.  

 

Objectives  

Students should be able to: 

1. Define 'real numbers' and discuss different subsets of real numbers including: 

− Natural numbers 

− Whole numbers 

− Integers 

− Rational numbers 

− Irrational numbers 

2. Order the real numbers on a number line 

3. Explain the relationship between the different types of real numbers using a 

number line. 
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Resources and Materials 
 

• Index cards 

• White board 

• Markers 
 
 
Class Agenda 

 
Activity Structure Duration: 55 Minutes 

Lesson Opener – Write a Number Story Individual journaling  10 minutes 

Discussion - Historical Perspectives Whole Class 15 minutes 

Lesson Activity - “Let’s keep it real! Small group 25 minutes 

Lesson Wrap Up - Exit Ticket - survey Whole Class 5 minutes 
 

 
Lesson Opener: - Write a Number Story 
   
• Students will individually in their journals for 10 minutes using the following prompt: 

Write two paragraphs about your interactions with numbers so far today to share with 

the classmates. How many different types of numbers did you encounter today? Give 

examples and discuss where you used the numbers and why? 

• Students will volunteer to share the content of their writing about the numbers they 

encountered in their lives today during the lesson activity  

 
Historical Perspectives– Tally Marks to Our Hindu-Arabic Numbers 
 

Where did the use of numbers originate and why?  Did people in ancient 

civilizations use numbers?  It appears that the earliest forms of number systems were 

based on carvings of tally marks.  In fact, the oldest sets of tally marks used as numbers 

were found carved into bones reportedly found in Eastern and Southern Africa.  The 
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Ishango Bone (figure 1), the femur of a baboon was found near the border region of 

Uganda and the Congo.  The bone is said to be more than 20,000 years old.  

 

Figure 1. Ishago Bones with Tally Marks 

 Ishango Bones found in Eastern Africa. From The Ishango Bones: Cradle of Ancient 
Mathematics, https://afrolegends.com/2013/08/29/the-ishango-bone-craddle-of-
mathematics/ 

Far older than the Inshago bone, however, is the Lebombo Bone (figure 2) that is dated 

back to some 35,000 years.   

 

Figure 2. Lebombo Bone with 29 Tally Marks 

 Lebombo Bone found in the Lebombo Mountains in Southern Africa in the 1970s. From 
The Lebombo Bone: The Oldest Mathematical Artifact in the World, 
https://afrolegends.com/2019/05/17/the-lebombo-bone-the-oldest-mathematical-artifact-
in-the-world/  
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The Lebombo bone was found in the early 1970s in the Lebombo Mountain in Sothern 

Africa. It has 29 notches or tally marks Some archeologists may consider the number 29 

as the oldest number. 

One question that should come to mind is how did the people using the tally mark 

system capture very large numbers?  Perhaps they used alternative ways to look at large 

numbers or maybe they simply did not need to record large number. Today we can still 

find number symbols that can be traced back to the tally mark system. For example, our 

symbol for the number one is simply a tally mark.    

Many ancient cultures developed very elaborate number systems based on their 

needs for written numbers at the time use, the tools they had for scribing, and medium 

upon which they recorded the numbers.  To capture tally mark carvings on the bones of 

animals, the ancient Africans would require some form of sharp instrument to etch the 

numbers. Similarly, in ancient Babylonia, the natives recorded their number systems on 

clay tablets called cuneiforms (figure 3) using a stylus to press the shape of the numbers  

 

Figure 3. Babylonian Cuneiform clay tablet 

 The oldest known clay tablet containing mathematical computations from the 27th 
century BCE; https://www.maa.org/press/periodicals/convergence/mathematical-
treasure-clay-tablets-from-sumer 
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into wet clay that was later dried and preserved.  The ancient Egyptians used the papyrus 

plant to make the paper upon which they captured their sacred carvings called 

hieroglyphs (figure 4). 

 

 
 

Figure 4. Ancient Egyptian Hieroglyphic Numbers 

Egyptian Mathematics Number Hieroglyphs from Discovering Ancient Egypt Webpage. 
https://discoveringegypt.com/egyptian-hieroglyphic-writing/egyptian-mathematics-
numbers-hieroglyphs/ 
 
 

Our modern-day number system has been influenced by the number systems by 

many ancient cultures throughout history including the Romans. In fact, there are many 

remnants of the Roman number system still in use in our Western cultures.  For example, 

the face of a clock or a watch and at the end of the first few pages of a book are often 

listed in Roman numerals.  Our Hindu-Arabic number systems can be credited to the 

Indian and Arabic people of the Middle East. First introduced in Europe around the 12th 

century, our number systems have transformed over hundreds of years to become the 
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number system we know today.  Take a look at the evolution of our number symbols in 

figure 5. 

 

 
 
Figure 5. History of written Hindu-Arabic number 

Evolution of Hindu-Arabic written number system from  
https://nirvanawebtutorials.files.wordpress.com/2015/07/arabic-numerals-picture.gif 
 

Notice there were no symbol for zero in the earlier form of our number system. The 

addition of zero was very controversial and was added later. 

 
Lesson Activity – Lets Keep It Real! 
 

Volunteers will share the content of their writing about the numbers they encountered 

in their lives today to begin the discussion of real numbers.  In a whole group, discuss the 

types of numbers that students shared and ask students to add a few more types of 

numbers that are not represented in their stories.  In groups of no more than three, 

students will discuss and provide an example of each type of number. 
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• Each group of three students will be provided with five index cards.  Label the five 

cards: Card 1 - Natural number, Card 2 - Whole number, Card 3 -Integers, Card 4 -

Rational number and Card 5 - Irrational number.  

• Students will write an example of each type of real number on the index card and 

discuss their definitions of the types of numbers. Students should place the numbers 

on a number line drawn on the white board. 

 
Lesson Warp Up - Exit Ticket  
 
Place the following numbers in the “Real Number System” Venn diagram  

1/3,  - 6,  0,   36.5,  √2,   8, ᴨ,   3! ,  e 

 

 
Assessment 
 

1) Which number is larger using the symbols < “less than”, > “greater than”, or = 

“equal to” 

 
o -9 ____ -7 

o 5 ____ -2 

o 11 ____ -12 

o -102 ____ -88 
 

o -7.65  _____ - 7.12 
 

o "
#
   _____   !

$
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2) Find areas in real-life where different types of real numbers show up.  Be sure to 

identify the five different types of numbers discussed in class. How are they used? 

3) Conduct internet research on the types of real numbers you may encounter in 

manufacturing?  

 
Extending the Lesson 
 

1) Why are pi and e classified as irrational number?  Please research the history of pi 

and e. Discuss where these real numbers are used in real-life. 

2) What are examples of numbers that are not real?  What types of numbers are 

these? Where and how are they used in real life. 

 
Notes to Instructors 
 

Any number that a student can think of will most likely be a real number and 

could be classified within one of the following subsets of real numbers:  

• Natural numbers are the counting numbers starting at 1 2, 3, 4, … 

• Whole numbers are the natural numbers and zero.    0, 1, 2, 3, 4, … 

• Integers are the whole numbers and their negative counterparts:  -2, -1, 0, 1, 2, … 

Rational Numbers are real numbers that can be expressed as the quotient of an 

integer divided by a non-negative integer.  The decimal form of a rational number either 

terminates or repeats Some examples are 2.5, 3.3333333….  7.8 and 5.666666666666… 

Irrational numbers are real numbers that cannot be expressed as the quotient of integers. 

Written as decimals, they do not terminate or repeat. Some examples are ᴨ, √2, and e. 
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We can say that the set of real numbers include the rational and irrational 

numbers.  It would be good to have students conduct a bit of research on number that 

cannot be classified as real numbers.  This is one possibility for extending the lesson.  

The denseness property of real numbers states that if all real numbers are ordered 

from least to greatest on a number line, there is an infinite set of real numbers between 

any two given numbers on the line. Students should think about a comparison of the 

number of real numbers between 1 and 2 and the number of real numbers between 1 and 

20.  Have students explain why there is an infinite number of real numbers between any 

two numbers, no matter how close the numbers are.  Teachers may also consider playing 

a game that gives students the opportunity to choose any two real numbers and challenge 

their classmates to provide real numbers between the chosen numbers. 
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Module 2: Introduction to Fractions, Decimals and Percent’s 

In the previous module, students looked at the different subsets of real numbers.  

In this lesson, students will work with rational numbers specifically and convert the 

numbers from and to fractions, decimals and percents.  Why is it important to develop the 

skills to transform fractions to decimals, or decimals to percent? Machinists are 

commonly required to express blueprint that are written with fractional units to decimal 

working dimensions.   When a machinist is required to compute material specifications 

and determine stock waste and scrap allowances, it is sometimes more convenient to 

express decimal values as approximate fractional equivalence.  It is also important for 

machinists to understand how to convert between fractions, decimals and percents to 

solve proportion problems, to interpret tolerances, and use measurement tools in 

manufacturing.  

 
Objectives 
 
Students should be able to: 

1. Reduce and simplify fractions  

2. Express numbers as fractions, decimals, and mixed numbers 

3. Make conversions between decimals, fractions and percents 

4. Add, subtract, multiply and divide fractions, decimals and percents 

 
Resources and Materials 
 

• Line strips 

• Colored pencils 
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Class Agenda 

 
Activity Structure Duration: 55 Minutes 

Lesson Opener – Let’s slice it up Pair 10 minutes 

Discussion - Historical Perspectives Whole Class 15 minutes 

Lesson Activity - Let’s slice it up Small group 25 minutes 

Lesson Wrap Up - Exit Ticket - survey Whole Class 5 minutes 
 
 
Discussion: Historical Perspectives 

 
When did humans first realized the need for fractions?  How were fractions used 

in historical times and how did ancient cultures represent fractions? There are similar 

questions that could be asked regarding decimals and percents.  The word fraction comes 

from the Latin word “fractio” meaning “to break,” perhaps in reference to a part of a 

whole as a general definition. 

 It is reported that the first use of fractions in Europe was in the seventeenth 

century.  Fraction in ancient Egypt dating back to as early as 1800 BC was expressed by 

dividing one by a non-zero integer. The fractions were called unit fractions.  All fraction 

with a numerator other than one was not considered a proper fraction and had to be 

expressed as a sum of unit fractions. For example, they would express ¾ as ½ + ¼.  The 

Egyptians used various portions of the Eye of Horus (figure 6 below) to represent 

commonly used fractions. 
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Figure 6. Eye of Horus 

Unit Fractions assigned to part of the Eye of Horus. From 
https://mathworld.wolfram.com/EyeofHorusFraction.html 
 
 

Computations with fractions were very challenging for everyday use, and the 

Egyptians used tables with pre-calculated fractions to make the calculations manageable.  

Other representations of Egyptian fractions included an oval symbol that looks like a 

mouth with tally marks below it.  See figure 7 below with the representation of 1/3. 

 

Figure 7. Egyptian Fraction 1/3 

Example of Egyptian fraction from Discovering Ancient Egypt Webpage 
https://discoveringegypt.com/egyptian-hieroglyphic-writing/egyptian-mathematics-
numbers-hieroglyphs/ 

The word decimal was derived from the Latin word “decimus” which means one 

tenth.  The concept of a number less than one was used by the Babylonians more than 
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4000 years ago.  The Babylonians had a place value system based on the number 60.  

Europeans later expressed decimal fractions as an integer divide by a power of 10, which 

was easily represented as number with the decimal point and integers to the left of the 

decimal point.  The word percent comes from the Latin phrase “per centum” which 

means “by the Hundred.” 

 
Lesson Activity – Let’s Slice It Up! 
 

With a classmate, complete the following 

1. shade the given portion of the pizza and provide the missing representation 

(whether fraction, decimal or percent). Be prepared to discuss your thinking with 

the whole class. 

 

 

Fraction  

Decimal  

Percent 20% 

 

Fraction  

Decimal 0.5 

Percent  

 

Fraction 3/10 

Decimal  

Percent  
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2. Discuss how you would locate the following numbers on a line segment, and list 

the fractions in order from lowest to greatest:  

  

1/2 

3/16 

1.125  

1/4 

3/4 

5/8 

1/8 

5/16  

7/16 

1/32 

5/4 

0.54 

7.84    

-0.341 

-3.236 

 
3. By replacing high-speed steel cutters with carbide cutters, a machinist increases 

production by 35%.  Using carbide cutters, 270 pieces per day are produced. how 

many pieces per day were produced with high – speed steel cutters? 

 

4. A piece is to be cut to the dimensions and tolerances shown below. Determine the 

maximum permissible value. Dimensions are in inches: 

 
• 5 !

"#
 ± "

!$
      and   6 !

%
 ± "

!$
 

 

 
Lesson Warp Up - Exit Ticket 
 

• Write -5.34 as a fraction.  

• Write 3.89 as a percent 
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Assessment 
 
 Fill in the equivalent missing values in the corresponding rows below 
 

Fraction Decimal Percent 
? ? 1% 
? 0.5 ? 

1/10 ? ? 
? 0.125 ? 
? ? 20% 

1/8 ? ? 
? 1.2 ? 
? ? 25% 
? 0.3333 ? 

3/4 ? ? 
? 0.8 ? 
? ? 90% 
? 0.99 ? 
? 1 ? 

3/2 ? ? 
? ? 225% 

 
 
Extending the Lesson 
 

Show that 0.9999...  is equal to exactly 1, using your knowledge of fractions and 

decimals.  Note that "0.9999..." can be "expanded" as 0.9 + 0.09 + 0.009 + 0.0009 + ... 

 
Notes to Instructors 
 

The lesson covers many concepts that are connected but often treated separately.  It is 

important that student understand the relationship between fraction and mixed numbers, 

decimal, and percents, and are fluent with conversions from one form to the other.  The 

lesson in quite dense and may require more than one class sessions depending on the 

levels of student preparation.  Teachers may consider introducing fractions, decimal and 

percents in one class session, and then have students work on operations with fractions, 

decimals and percents in a second-class session. 
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A discussion of the appropriate language used with these concepts is important.  For 

example, students need to know how to read decimals such as  

• 0.011 is read “eleven Thousandths: 

• O.5 is read “five tenths” 

• 0.07 is read “seven hundredths” 

Students should also know how to round decimals to the correct number of places. 

Often, the computations and answers may contain more decimal places than are required.  

The number of decimal places needed depends on the degree of precision desired. The 

degree of precision depends on how the decimal value is going to be used.  The tools, 

machines, equipment, and materials determine the degree of precision obtainable.  For 

example, a length of 0.875376 inch cannot be cut on a milling machine.  In cutting to the 

nearer thousandths of an inch, a machinist would consider 0.875376 inch as 0,875 inch.  

Rounding a decimal means expressing the decimal with a fewer number of decimal 

places. 

 Instructors should pay particular attention to the process for converting decimals 

to fractions.  While students may have individual strategies for completing the 

conversions, it is important to have alternative methods at hand.  For example, to convert 

decimals to fractions, identify the place value of the farthest non-zero digit to the right in 

order to decide the power of 10 that needs to be in the denominator of the fraction. 

Multiply the decimal by the same power of 10 to find the numerator.  In decimal 3.204, 

the number 4 is the farthest non-zero number to the right, and its place value is the 

thousandths place, so the denominator would be 1000.  Multiplying 3.204 by 1000 would 

give 3204.  Therefore, the fraction is 3204/1000.  
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 Writing numbers larger than one as fractions and mixed number should be 

included in the class discussions, as well as the notion of decimal fractions (fractions 

written with powers of 10 as the denominators).  Be careful with short-cut rules for 

multiplying and dividing decimals by powers of 10, as students will often memorize these 

short cuts without the acquisition of a workable understanding of the concepts.  It makes 

sense to show students why multiplying and dividing by powers of 10 result in moving 

the decimal point to right or left by the number of zeroes in the power of 10.  

 A typical method to calculate problems involving percent is as follows: 

%&'()*
+,-.

  = /,*.
011

 

 
It is recommended that instructors go through a few examples so that students can 

identify the different parts of the ratio.  This is also a good place to discuss the 

multiplications and division of fractions.
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Module 3: Conversion Metric/Standard 

 

Can students think about areas in their own lives where measurements are 

important? For various reasons, manufacturing employees will need to convert 

measurement units from one system to another according to their equipment or 

customer’s specifications, blueprints, tolerances, etc.  It is important that manufacturing 

workers are familiar with conversion factors and the process for carrying out the 

conversions.  Metric measure dimensions on engineering drawings are often given in 

millimeters.  In the machine trades, metric linear units other than the millimeter are 

seldom used. 

Employers will save time and money as workers become more proficient with 

converting from one unit to another.  This lesson will familiarize students with the 

conversion factors and methods for converting from the metric system to standard 

(English) system and from the standard to the metric system. 

 
Objectives   
 
Students should be able to: 

1. Express metric lengths as larger or smaller metric linear units. 

2. Calculate unit fractions conversions,  

3. Learn basics of the metric system 

4. Understand metric units for manufacturing trade 

5. Convert between the metric and standard system 
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Resources and Materials 
 

• Meter stick 

• Metric scale 

• Quart bottle 

• Litter bottle 

• Conversion table (below) 

 
Class Agenda 
 

 
Activity Structure Duration: 55 Minutes 

Lesson Opener – Wacky Song video Whole Class 10 minutes 

Discussion – Historical Perspectives Whole Class 15 minutes 

Lesson Activity – Game  Small group 25 minutes 

Lesson Wrap Up – Exit Ticket survey Whole Class 5 minutes 
 
 
 
Lesson Opener: “Wacky Song Video”   
 

• Play Metric Conversion Rap video by the Metric Crew to motivate students and 

promote interests in the mathematics. 

 

https://www.youtube.com/watch?v=IhtgKHYZti0 
 
 

• Facilitate student discussion about the song and what they know about 

measurements 
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Discussion: Historical Perspectives 
 

Did early humans have the need for a concept of measurement? How did they 

think about measurement in earlier times?  While the origins of measurement as a 

cohesive system is unknown, historians and archeologists believe that the earliest forms 

of measurements were formulated according to proportions of the human body for length 

and height, and the heaviness of stones for weight (Stone, 2014).  For example, a foot 

from heel to toe, the pace of an individual’s stride, or even the span a hand could be used 

as units of measurement.   

 

 Table 1: Conversion Table  

Metric to Customary Units Customary to Metric Units 
1 millimeter (mm) = 0.03937 inch (in) 
 

1 inch (in) = 25.4 millimeters (mm) 

1 centimeter (cm) = 0.3937 inch (in.) 
 

1 inch (in) = 2.54 centimeters (cm) 

1 meter (m) = 39.37 inches (in) 
 

1 foot (ft) = 0.3048 meter (m) 

1 meter (m) = 3.2808 feet (ft) 
 

1 yard (yd) = 0.9144 meter (m) 

1 kilometer (km) = 0.6214 Mile (m) 
 

1 mile (m) = 1.609 kilometers (km) 

 

Conversion Table Metric and English Measurement 

 

The Bible details the measurements of Noah's Ark in cubits (Genesis 6:13–15 

RSV). The cubit is a unit of measure based on the length of the forearm from the tip of 

the middle finger to the elbow). The cubit, perhaps the most ancient unit of measurement, 

was also used by both the ancient Egyptian and Babylonians.  
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Why would these units of measurements be considered problematic? Ask any two 

random students to measure with their feet and discuss their results.  To avoid the 

variation in lengths, the Egyptians standardize the cubit into a “royal cubit” and made 

copies of this length in granite which allowed them to be more efficient in the 

construction of the pyramids and other structures. So, what did other areas around the 

world do? They all similarly standardized their units of measurements. Can students think 

about the ways in which different cultures standardized their units of measurement?  

Furthermore, why did the entire world decided to adopt consistent units of measurements, 

and when? 

The original U.S. Weights and Measures System can be traced back to England 

and was carried to the Western World by English settlers. The English Imperial weights 

and measures system was directly influenced by the ancient Romans with words such as 

"ounce" and "inch" derived from the original Roman words “uncia” (meaning, twelfth 

part) and “ince” or “ynce” defined by King David I of Scotland be the breadth of a man’s 

thumb from the base of the nail.  Imperial weights and measures are still used in both the 

United States and United Kingdom with the latter standardizing the measures during the 

early part of the 19th century. 

In the 18th century, the first practical use of the metric system, was recorded. 

During the French Revolution, the existing regionalized system of measures had become 

impractical for trade and a decimal system based on the kilogram and the meter became 

the standardized unit of measurement in many areas of the worlds. Have you ever thought 

about how it was decided on how long the measure of a meter would be? In 1795, a meter 

was calculated using trigonometry to measure one tenth of a million of the distance from 
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the North pole to the Equator.  In 1983, the meter was redefined as the distance that light 

travels in a vacuum in a little more than 300 millionths of a second. 

Today, most countries use the metric system.  As students and employees travel 

around the world, and connect with peers and colleagues across international boundaries, 

the ability to convert from a standard unit system to metric becomes increasingly 

valuable. 

 

Lesson Activity - Game “Measurement Scavenger Hunt” 
 

• Task 1: Find an object in the classroom that is about 5 cm in length. Write your 

object’s measurement in inches. 

• Task 2: Measure the weight of any object in the classroom in ounces. Convert the 

measurement to grams. 

• Task 3 For the following machining blueprint of a 5C Collet convert the Standard 

measurement to metric measurements: 5 C collets are a popular standard tool for 

mill and lathe work.  They are used to hold cylindrical stock up to 1 “ (25 mm) in 

diameter and offer concentricity to faster setup than 3-jaw chucks 

Metric Blueprint 
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Lesson Warp Up - Exit Ticket 
 

1) List two reasons for the need to know how to convert measurements from one 

system to another. 

2) On a scale of 1 to 5 (1 low confidence - 5 high confidence,) rate your confidence 

levels regarding the following statements: 

I am confident about my ability to: 

• Set up a unit fraction conversion to solve using unit analysis _______ 

• Express metric length as larger of smaller metric linear unit _______ 

• Convert between the metric and standard system _______ 

 
Assignment 
 
1) Create or research a mnemonic saying for the metric unit’s prefixes.  For example: 

 
 

Unit Kilo Hecka Deka Meter Deci Centi Milli 
Mnemonic Kangaroos Hop Down Many Dangerous Curvy Mountains 

 
 
2) Convert the measurements below.  Show how you set up your conversions and use 

appropriate abbreviations in your unit analysis. 

 
Weight 
 
16 pounds to kilograms 

4 grams to pounds 

0.78 ounces to pounds 

0.6 pounds to kilograms 

12.5 ounces to grams. 

Length 
 
8 miles to meters 
 
22.5 centimeters to yards 
 
1,205 meters to miles 
 
112 feet to kilometers 
 
665 ft to centimeters 
 

Volume 
 
5 gallons to quarts 
 
18 liters to gallons 
 
3.71 liters to milliliters 
 
¼ cup to liters 
 
3 quarts to liter 
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Extending the Lesson 
 

There are other metric measurements that are common to the trades that may be 

used to extend or modify the lesson.  Examples include:  

• Temperature measured in Celsius  

• Bending movement/ torque/moment of force measured in newton meter (N m) 

 • Pressure/vacuum measured in kilopascal (kPa) 

 • Velocity measured in kilometers per hour (km/h 

 • Force, thrust drag measured in newton (N) 

 • Power measured in (W) 

 
Notes to Instructors 
 

The Measurement Conversion module introduces students to conversion factors 

for metric and standard measures, and processes for converting from one system to 

another.  A conversion factor is a number used to change one set of units to another by 

multiplying or dividing.  Students will sharpen their multiplication and division skills, 

and gain proficiency with unit analysis. 

It is important that students are allowed the opportunity to practice the procedures for 

expressing measurement units in one system as equivalent units in the other system.  

Have students think about various processes for the conversion. Note that some students 

will already have their own ways of calculating the conversions and their prior 

knowledge should be valued and should serve as a starting point of class discussions. Be 

prepared to help student understand the significance of measurement conversions in 

manufacturing.  Students’ methods may or may not include the two strategies outlined in 

figure 8 below, so it is important to provide the opportunity to practice these approaches. 
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Figure 8. Conversion Methods 

The approaches for students to perform the conversions.  
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Module 4: Bases 

Do students wonder why we use a base 10 decimal (decimal) in our number 

system today? How did our Hindu-Arabic number system come about? When and where 

did we start to use the base 10 system?  Can we think of other cultures that used different 

base number systems? What are the benefits of using a base 10 system?  What are the 

drawbacks?  Furthermore, why is it important for manufacturing student to learn about 

different base number systems other than 10?   

While students in manufacturing may be regarded as beneficiaries of the powerful 

potentials of computers and modern technology, and as the world of manufacturing 

becomes more digitized, it may be helpful for employees to become familiar with how 

the computers they interact with work.  Manufacturing students are often intrigued by the 

workings of the machinery, and a lesson on the binary language of computers can be 

motivating.  Students learning of how to express a number in binary or base two begins to 

lay the foundation for subsequent learning about how the computer uses 1 and 0, the 

binary bits of computer language, to understand inputted data and to formulate an output. 

The lesson on bases is also an extension of the conversion lesson by engaging 

students in the conversion from one base to another.  Students will convert from the 

decimal systems to the binary number system and to other base number systems.   

 
Objectives 
 
Students should be able to: 
 

• Express binary numbers (base 2), and other base numbers as decimal numbers 
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• Express decimal numbers as binary number, and other base numbers 

 

Resources and Materials 
 

• Chrome book 
 

• White/Black board or poster paper 
 

• Markers 
 
 
Class Agenda: 

 
Activity Structure Duration: 55 Minutes 

Lesson Opener – think, pair, share  Pairs 10 minutes 

Discussion - Historical Perspectives Whole Class 15 minutes 

Activity – Convert and Explain Small group 25 minutes 

Lesson Closer - complete the table Whole Class 5 minutes 
 
 
Lesson Opener – Think, Pair, Share 
 

Think about the following set of questions for our discussion.  Take two minutes 

before discussing your responses with a classmate for three minutes.  We will come back 

together as a whole group to share our collective responses 

1. Why do we use a decimal or base 10 system? 

2. What are other base number systems in use modern day? 

3. Where else in math do we use the term “base”? 

 
Discussion: Historical Perspectives 

 
That we use a base 10 number system chosen because we have ten fingers is 

completely random.  We could have easily chosen a different base system, for example 

base 12, especially as the number 12 has many more factors than 10.  We can represent a 
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half, a third, a fourth, and a sixth of 12 more easily than representing these fractions of 

10.  A base 12 may have provided more flexibility for our calculations.  Why a dozen 

eggs?  Why 12 hours represented on a clock? Why 12 inches in a foot?  Why 12 months 

in a year?  It appears that a base 12 may have provided more flexibility for our everyday 

calculations.  

Other cultures throughout history chose to use different base systems for a variety 

of reasons that may not have been as random as choice of a base 10 system.  For 

example, the Mayan who prospered in South America dating back to 2600 BCE chose a 

base number system that was almost 20 (vigesimal system) because keeping track of 

calendar days was very important to them. They studied the cycles of the earth, the moon 

and other planets.  The Mayan used a number system that included the number 360 to be 

able to easily keep track of the number of days in a year.  Their place value (positional) 

number system represented the numbers of ones, twenties, three hundred and sixty 

(20*18), seventy-two hundreds ( 20*18*20), and so on, similar to our number system that 

represents the numbers of ones, tens, hundreds (10*10), thousands (10*10*10), etc.   

Other ancient cultures such as the Babylonians used a base 60 (a sexagesimal 

system). Can you imagine keeping track of the numbers of ones, sixties, thirty-six 

hundreds (60*60) or two hundred and sixteen thousands (60*60*60)? There is much to 

appreciate about our base 10 numbers system after all.  Perhaps a smaller base number 

would be easier to work with.   How about a base 2, or a base 5?   

Our computers use a base 2 (or binary) system for the ease of carrying out simple 

calculations.  Base 2 arithmetic uses the place values for ones, twos, fours (2*2), eights 
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2*2*2), sixteens (2*2*2*2), etc.  Indeed, there are many artifacts and documentation of 

early usage of base-2 arithmetic.  

Ancient Ethiopian traders of coffee used a base-2 system to conduct their 

calculations.  Multiplying 11 by 15, for example, Ethiopian traders would a half and 

double method where they would divide the first number by two and multiple the second 

number by 2 (See table 2 below). In the example of 11 by 15, The Ethiopian traders 

would take a half of the 11 (almost) to get 5 (ignoring the remainder) and double 15.  The 

first halving and doubling lead to 5 and 30.  Repeating the halving and doubling give 2 

and 60, then 1 and 120.  Adding all multiples of 15 (15, 60, and 120) that corresponding 

to the odd halving numbers (11, 5 and 1) would give 165 which is 11 by 15. 

The number of calculations using base-2 calculations for very large numbers quickly gets 

very cumbersome, but not for computers.  The computer has the capacity to create fewer 

calculations by converting the binary coding system to higher bases such as a 

hexadecimal (base 16) coding system. In base-10, ten different numerals (0, 1, 2, 3,4, 5, 

6, 7, 8, and 9) are used. Similarly, in base-2 uses only two symbols (0 and 1).  The 

simpler 0 and 1 binary configuration that corresponds to an “on” and “off” switch in a 

transistor, two clearly distinct states, is the basis of our computer coding.   

On early Numerical control (NC) machines, program data was transferred to 

either punched paper tape or magnetic tape where holes were punched in the paper tape 

in rows and columns.  The tape was fed through a tape reader, which converted the tape 

codes to electrical signals.  A hole punched in the tape (binary digit 1) signal and open 

circuit.  The absence of a hole in the tape (binary digit 0) signaled a closed circuit.  The 

NC control systems that used tape commands have been replaced by Computerized 
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Numerical Control (CNC).  It is a computerized manufacturing process in which pre-

programmed software and code controls the movement of production equipment.  A few 

tape command NC control systems are still in use for various metal machining processes 

like turning, drilling, milling and shaping in the manufacturing industry. 

Table 2: Base 2 Arithmetic used by Ethiopian traders 

Halving Column Doubling Column 
11 15 
5 30 
2 60 
1 120 

 
Method used by Egyptian Trades to multiply numbers 
 
 
Lesson Activity: Convert and Explain  
 
Use the Jig Saw Protocol to engage students with the different base number systems 

assigned and for students to interact with their peers. 

 

All groups: 

See the Khan Academy video (https://www.youtube.com/watch?v=ku4KOFQ-bB4) that 

further the base-2 system based on our knowledge of the base-10 system.  

• Convert 11111! to base 10 

• Convert 237 to base 2 

Group 1:  

• Convert 348 to base 3 

• Convert 12112 to base 10 
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Group 2:  

• Convert 348 to base 4 

• Convert 12113 to base 10 

Group 3: 

• Convert 348 to base 5 

• Convert 1211" to base 10 

 
 
Lesson Wrap Up – Complete the two tables. 
 
Base 2 conversions 

 
Tally marks Number in base 2 process 
 0 Start at 0 
I 1 Then 1 
II 10 Start back at 0 again 
III   
IIII   
IIIII   
IIIIII   
IIIIIII   
      .   
      .   
      .   

 
 

Base 5 Conversions 
 

Tally marks Number in base 5 process 
 0 Start at 0 
1 1 Then 1 
II 2  
III 3  
IIII 4  
IIIII 10 Start back at 0 
IIIIII   
IIIIIII   
      .   
      .   
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Assignment 
 

Complete the following two tables 
 
Table A 

 
Tally marks Number in base 

10 
Number in base 

5 
Number in base 

2 
 0   
1 1   
11 2   
111 3   
1111 4   
11111 5   

•  •    

•  •    

•  •    

 
 

 
Table B 
 

Numbers in indicated bases Decimal numbers 
10!  
1!  
100!  
44"  
2001"  
4"  

Convert to indicated base 
Base 2 86 
Base 3 647 
Base 5 98 
Base 2 100 
Base 3 86 
Base 5 25 
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Extending the Lesson 
 

A problem with the binary system is that it takes to many digits to represent a 

number.  For example, the number 245 requires eight binary digits since 24501 = 

10101111!. 

Engineers who designed computers wanted a way of expressing numbers using fewer 

digits and that was easy to convert to binary numbers.  The hexadecimal (base 16) 

numeration system solved this problem. One seamless way to extend the lesson is to have 

students engaged with the following: 

1. Express Decimal numbers as Hexadecimal numbers 

2. Express BCD (Binary Coded Decimal) numbers as Hexadecimal numbers. 

 
Notes to Instructors 
 

The lesson on bases can appear to be insignificant to manufacturing students, 

However, given that Computer Numerical Control (CNC) machines are based on the 

binary system, the lesson may provide motivation and curiosity for students working with 

digitized tools. All computer-aided drafting/design (CAD), Computer-aided 

manufacturing (CAM), and computer-integrated manufacturing (CIM) work with binary 

coding. CNC machines have mostly replaced manually operate machines and earlier 

numerical control (NC) machines. In general, machinists do not write programs of 

operations for the CNC machines, however, some basics understanding of programming 

may help with basic troubleshooting. 

The base lesson is a seamless extension of the conversions lesson.  While learning 

about different base number systems, student gain more practice with number 

conversions, multiplying and dividing.  Students should be probed for preconceived ways 
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to complete the conversion using their understanding of how our current base-10 system 

works. Be sure to introduce students to place values in base 10 and corresponding place 

values in other bases such as base 20 and base 60. The place values for bases 2, 5 and 10 

are in table 3 below.   

Table 3: Place values for base 2, 5 and 10 

Place values of binary numbers systems 
Place 2" 23 22 2! 20 21 240 24! 242 
Decimal  32 16 8 4     2    1 0.5 0.25 0.125 
 
Place value of Quinary number system 
place 5" 53 52 5! 50 51 540 54! 542 
Decimal  3125 625 125 25     5    1 0.2 0.04 0.008 
 
Place value of decimal number system 
Place 10" 103 102 10! 100 101 1040 104! 1042 
Decimal  100,000 10,000 1000 100     10    1 0.1 0.01 0.001 

 

Reference table for powers of 2, 5 and 10 

 

The Khan Academy video (https://www.youtube.com/watch?v=ku4KOFQ-bB4) 

could support the place value comparisons using base 2. Having students watch the video 

together supports community building in the classroom. 

The following modification of Jig Saw Protocol may be used to structure the 

Lesson Activity (Convert and Explain).  Students will discuss how to convert to the 

various bases with their group mates.  Consider introducing students to the strategy used 

in the example in Figure 9 below for converting from a decimal system to another base 

system after they have completed the small group activity. 
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Figure 9: Conversion from Bases10 to Base 5 

Strategy for converting from base 10 to other number bases 

Jig saw Protocol 

1. Divide students into groups of 4  

2. Assign each group work on a different set of problems to be complete on the 

board space or large poster sheets 

3.  Have student choose two members to stay as experts and others as visitors 

4. Have visitors rotate to meet experts who will explain their group’s work 

5. Bring students back to their original groups to debrief 

6. Have experts and floaters exchange roles and visit other groups  

7. Bring students back to original groups to debrief 

8. Be sure that all students get the opportunity to be experts and visitors 
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Module 5: Tolerances 

What are students’ notions of tolerances?  Where do tolerances show up in 

everyday lives?   Why is it important that manufacturing employees learn about 

tolerances?  More specifically, how do we calculate tolerances?  Given the meaning of 

tolerance in everyday language, have you ever wondered why we use the word tolerance 

to represent this concept in mathematics? What can we learn from the mathematical 

meaning of tolerances? 

In manufacturing, employees will use blueprints with measurements to create 

production parts. The measurements of the parts will need to be precise within desired 

specifications according to the blueprints, otherwise the parts will most likely not serve 

their purposes. It is important that parts are manufactured with accurate measurements so 

that the final parts fit properly within intended assemblies. But how precise must the 

measurements on the parts be?  How much are the measurements allow to vary from the 

desired specifications and still be acceptable? Manufacturing plants in most industries 

must implement quality control processes to ensure that the parts are made to meet 

customers’ expectations.  Industries are also responsible for developing quality assurance 

measures to drive these quality control processes. In this lesson, students will be 

introduced to the use of tolerances in manufacturing.  Students will express tolerances 

using absolute value inequalities and solve them. 

 
Objectives 
 
Students should be able to: 

1. Compute upper and lower limits of tolerances 
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2. Represent tolerance problems using absolute value notation 

3. Solve absolute value problems used in the context of manufacturing tolerances 

 
Resources and Materials 
 

• Black board 

• Paper 

 
Class Agenda 

 
Activity Structure Duration: 55 Minutes 

Lesson Opener – Proud Accomplishment  Whole Class 10 minutes 

Discussion - Historical Perspectives Whole Class 15 minutes 

Lesson Activity: -“Show some Tolerance” Small group 25 minutes 

Lesson Wrap Up– Exit ticket Whole Class 5 minutes 
 
 
Lesson Opener: “Proud Accomplishment in African History” 
 

Students choose a scribe at the board and discuss strategies for solving the 

following problem as a whole group.  In the construction of the Great Pyramid of Giza in 

Egypt, builders used wooden royal cubit rods that were said to vary no more than 0.05 

percent. Given the sides of the pyramid were to be 440 cubits (230 cm) in length, what 

were the minimum and maximum measurements of the sides of the Great Pyramid of 

Giza?  Express your solution in centimeters. 

 
Discussion - Historical Perspectives 
 

  The concept of tolerances is often traced back to the period of the Industrial 

Revolution (1760 to 1840) when mass production of parts was desirable for quick and 

inexpensive access and for the availability of reliable parts that were interchangeable.  
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But the history of tolerances outdates the production of interchangeable parts.  In fact, the 

use of tolerance is “as old as the pyramids of Egypt” (Watterberg, 1998, p.7) where the 

cubit was used as the measurement for length, a measure dating back to more than 4000 

years ago. Measured from the elbow to the tip of the middle finger, a cubit was estimated 

to be around 45.7 centimeters (approximately 18 inches) in length.  The royal cubit, 

however, was a bit longer because included an additional length that was the width of the 

Pharaoh’s palm.  Artifacts of the royal cubit which was the standard unit of linear 

measurement is estimated to be between 52.2 cm and 52.9 cm (around 21 inches). A 

master rod of the royal cubit was carved from granite to preserve the measurement.  

Wooden replicas were made to be used in constructions, as in the building of the great 

pyramids, but these rods needed to be calibrated often as the wood was prone to 

deterioration.  Ensuring that the cubit rods were within specification was a significant 

quality control measure, that if ignored, was punishable by death.  The Egyptian quality 

assurance mandated that every full moon, the builders would take their wooden rods to 

the granite master rod for comparison.  Reportedly, the accuracy of the measurements in 

building the pyramids were remarkable underscoring the importance and positive 

outcome of a rigorous quality control process.  It is estimated that the accuracy of the 

measurements using the Egyptian royal cubit was more than 95 percent.  

The history of tolerances in the U.S. often begins with Eli Whitney, inventor of 

the cotton gin used to remove seeds from cotton fiber in large quantities.  Notably, the 

invention of the cotton gin and its capability to remove the seeds much faster from the 

fibers created a higher demand for cotton, and thus, this invention served as a justification 
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for a more entrenched rational for keeping enslaved African people on the cotton 

plantations. 

Whitney was credited with promoting the idea of interchangeable parts in the 

early 19th century when it was expedient to make weapons faster and at lower cost.  

Being able to interchange the parts on the assembly of his muskets, for example, Whitney 

secured governmental contracts for mass production and has now been dubbed a pioneer 

in American manufacturing. 

 
Lesson Activity – “Show some Tolerance” 
 

In manufacturing, we often encounter tolerances expressed as either unilateral 

where a part’s measurement is allowed to vary only in one direction (above or below), or 

bilateral where the part’s measurement can vary in both directions (above and below). 

For unilateral tolerances, it is important to know whether the tolerance is positive (+) or 

negative (-), meaning the measurement may be above or below the specification.   

Students work in small groups to discuss the following problems. 

1. Imagine you are told that a part with a unilateral tolerance has a basic dimension 

of 3.7500 inches.  The total tolerance is a minus (-) tolerance.  What are the 

minimum and maximum accepted dimension if the tolerance is 0.0016 inches? 

2. A part with a bilateral tolerance has a basic dimension of 62.79 mm. Find the 

maximum limit and the minimum limit if the tolerance is 0.04 mm.  

3. The acceptable weight range for a regulation baseball in the Major Leagues is 

5.125 ounces ± 0.125 ounces 

• What is the acceptable weight range for any MLB regulation ball? 

• Express the following using absolute value notation 
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• Solve the absolute value inequality 

 
Lesson Wrap Up - Exit ticket 
 

The maximum limit of a hole diameter is 0.879 inches, and the minimum limit is 

0.872 inches. Find the tolerance and represent the problem as an absolute value 

inequality. 

 

Survey – Rate how confident you are in computing this problem on a scale of 1 – 5 (1 not 
confident and 5 very confident) 
 
I am confident that I could  Ranging from 1 - 5 
Accurately Interpret the problem   
Determine whether its unilateral or bilateral   
Calculate the tolerances  
Express the tolerances as absolute value inequalities  
Solve the absolute value inequalities  

 
 
Extending the Lesson 
 

Absolute error and relative error are commonly used to express the amount of 

error between an actual or true value and a measured value.  Have students work with this 

language to extend their understanding of tolerances? 

 
Notes to Instructors 
 

Instructors are encouraged to support students understanding of tolerances in a 

manufacturing context. It may help to start with a basic definition of tolerance such as the 

following: Tolerance is equal to the difference between the minimum and maximum 

limits of any specified dimension of a part. Usually, tolerances are given in such a way as 

to show the amount of variation below and above the basic dimension of a part. (Peterson 

& Smith, 2019).  Have students make the connections between tolerance problems and 
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absolute value equations and absolute value inequalities.  Instructors may need to spend a 

few minutes working out a few problems with students.  

This lesson should be motivating for students going into manufacturing as it is 

uses language students will encounter in the industry.  Customers who use CNC 

machining services often request parts that have complex geometries. Parts with curved 

sections must fit closely to ensure proper operation. Machining vendors must carefully 

analyze the part’s geometry to achieve tolerances with confidence. Compromising 

precision for speed may result in parts manufactured outside of tolerance, thereby 

unusable in a final assembly. 

Manufacturing methods, temperature, different types of materials, changing 

atmospheric pressures, and other factors can cause the fit between parts to shift slightly. 

Adhering to tolerances in manufacturing reduces failure caused by degradation and 

increases performance predictability.  Fits between mating parts, such as between shafts 

and holes, have wide applications in the manufacturing industry.  The tolerance applied 

to each of the mating parts determine the relative looseness or tightness of fit between 

parts.  When one part is to move within another, there should be a clearance between the 

parts. A shaft made to turn in a bushing is an example of a clearance fit.  In this case, the 

shaft diameter would be less than the bushing hole diameter.  When one part is made to 

be forced into the other, there will be interference between the parts which is undesirable.   

Allowance is the intentional difference in the dimensions of mating parts that provides 

for different classes of fits.  Allowance is the minimum clearance, or the maximum 

interference intended between mating parts.  Allowance represents the condition of the 

tightest permissible fit. 
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Chapter IV. 

Designer’s Notes 

The primary focus of this thesis project was to create a resource for instructors of 

basic mathematics aimed at motivating and preparing unemployed and underemployed 

Black and Brown men for entry-level jobs in manufacturing. As an African American 

male with first-hand experience of living at the margins of society, I can attest to the 

devaluing of the identities, contributions, and intellectual capabilities of peoples of color 

in society at large, and in education.  The persistent underrepresentation of racialized 

people in STEM studies and careers continues to perpetuate the myth that people of color 

are simply not smart enough to be successful in technical fields of study. This project 

posits a belief that the miseducation and under-education of Black and Brown people 

contribute to a population of unemployed and under-employed men who are prime for the 

proliferation of job openings in manufacturing.   

The ways in which our institutions of education prepare men of color for studies 

and careers in technical fields could begin with an affirmation of their identities, 

highlighting of the contributions of their ancestors throughout history, and employing 

collaborative learning pedagogies aligned with the cultures of communities of color. The 

rich history of people of color in mathematics may serve to motivate Black and Brown 

men to study and be successful in technical fields, including manufacturing, as they are 

more apt to identify with the subject. Additionally, seeing people of color in mathematics, 

including instructors with congruent identities is also motivating and signals that the math 
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space can be a place of belonging for Black and Brown people.  Throughout my own 

studies and career as an educator for more than 20 years, role models who I could 

identify with were not readily available.  Most of my math instructors were people of 

European decent. Today there is still a shortage of people of color who teaches math. 

It is, therefore, of no surprise that men of color often find themselves under-

educated, unemployed, unable to provide for their families, and not in positions to 

contribute to the advancement of their communities.  Many drop out of the education 

system long before their projected graduation dates with no more than a third-grade level 

education.  Others who are fortunate to endure the k-12 education system to attain a high-

school diploma may not have the required skills for manufacturing. Consequently, many 

Black and Brown men are not prepared for the growing opportunities and job openings in 

technical fields.  In Milwaukee, for example, there are manufacturing companies with 

many vacancies and not enough prepared candidates to fill the positions.  Yet, there is a 

large percentage of unemployed men of color who are work-force eligible, and who may 

find these jobs rewarding and be of value to the companies. 

A resource for instructors of manufacturing math, embedded in programs 

designed to support the education and skills-development of unemployed men of color, 

could be advantageous for both the manufacturing employers and potential employees.  

As such, the project provides educational modules in foundational math that will 

motivate Black and Brown men to develop the needed skills to fill the open positions in 

the industry. 

The process of creating a curriculum resource for instructors in foundational math 

for manufacturing proved to be markedly challenging as much of the histories of Black 
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and Brown people in mathematics are not included in current textbooks and are not easily 

uncovered. When I started my research for the curriculum support, I needed to first 

understand the scope of the problem within the context of Milwaukee. While the 

population of Milwaukee City in 2021 is primarily Black and Brown with nearly 60 

percent African Americans and Hispanics combined (Census.gov), it is one of the most 

segregated cities in the U.S.  Median annual household income in 2020 was about 

$43,000 (U.S Census Bureau Quick Facts) and many families are living below the 

poverty line (about 25 percent).  Crime rate in the city is rising (FBI, 2021) and Black 

and Brown males make up a significant portion of the prison population. 

It became clear that the curriculum needed to be a source of affirmation and 

validation of the Black and Brown identities as valuable and capable. The resource 

supports the students’ identities by developing learning structures of the math content 

around classroom discourse where students’ lived experiences are accepted as funds of 

knowledge. An open-questioning approach is intended for students to have multiple 

points of entry to the math conversations during the lessons.  Further, as people of color 

who value community and connectedness, it was also important to build in opportunities 

to support relational dynamics amongst the candidates. Much of the pedagogy involved, 

including collaborative learning, aim to provide instructors with culturally relevant 

approaches to amplify students’ voices in the classroom. 

My visits to manufacturing companies in Milwaukee City also informed the 

design of the curriculum support. From discussions with industry leaders who are 

concerned about employees lack or limited preparation in math skills for their entry-

level jobs, the curriculum includes basic math concepts such as number sense, 
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measurement conversion, and tolerances.  To prepare candidates to work as entry-level 

computer numerical control (CNC) machine operators, programmers, and machinists, 

the curriculum starts with fundamental math to engage candidates with little or no 

formal math education.  

Finally, it is important to acknowledge that many Black and Brown men have 

encountered some of these concepts before and have developed negative math identities 

relating to feelings of deficiencies in their abilities to be successful in school, and 

particularly in math. To support student motivation to learn the math concepts, each 

module in the curriculum is purposefully designed with “Historical Perspectives” that 

include the rich math engagement by Black and Brown people from ancient times.  I 

believe students can find much pride and a sense of belonging in a space that has been 

traditionally marginalizing for them.  The history of numbers from artifacts collected in 

Africa dating back to more than 4000 years ago, the development of base number 

systems by the Egyptians and Babylonians, and the construction of the great pyramids 

are a few of the motivational stories that people of color may readily connect with and 

embrace. 

As a graduating scholar of the Math for Teaching program at the Harvard 

Extension School, this project was an exceptional learning opportunity.  It was a 

challenging assignment that stretched my professional understanding of the resilience and 

discipline needed to bring this curriculum support to fruition. Highlighting people of 

color in mathematics, their histories, and their lived experiences in the STEM space was 

personally gratifying and served as a source of exoneration for me as a Black male and 

instructor of mathematics.  For instructors with similar concerns regarding racial 
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inequities, miseducation, unemployment, and other concerns highlighted throughout this 

thesis, I encourage a continuation of this model to develop additional modules, including 

basic geometry and trigonometry concepts used in manufacturing.  
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