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Project Intent

• To improve alignment of the mathematics taught in 
two-year technical college programs with the 
mathematics manufacturing technicians need and 
use in the workplace.

• To develop a list of mathematical skills and 
competencies that technicians need in the 
manufacturing workplace.

• To set in motion a mechanism for the development of 
authentic scenarios illustrating what technicians do 
in industry. These can be useful in discussions 
between industrialists and technical educators.
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Pre-Conference Workshop Agenda 

12 pm to 12:55 p.m. (BOXED LUNCH TIME)
• Welcome and Introductions, Workshop Agenda (Michael)
• Research Results  (Bernie)
• Introduction to Scenarios and Overviews (Paul, Jay, Rod, Lisa)

1 p.m. to 1:45 p.m.  Small Group Work (Organized by 
Scenario)
• Participants choose a scenario to work on.  
• Break up into six subgroups of about five persons each (two 

Circuit Breaker, two Preparing RNA Samples, two Clean-in-
Place)

• Read, review, and better understand the scenario. 
• Work in sub-groups to discuss the chosen scenario.  

o What would work and what is likely not to work with 
students. 

o How does this methodology differ from typical 
instructional activities?

o What do students learn?  What is likely to engage them? 
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Pre-Conference Workshop Agenda 
1:45 p.m. to 2:25 p.m.  Whole Group Debriefing (Paul)

oHow is this approach different from end-of-text book problems. 
oWhy is this hard? 

Introduce and Demonstrate AI tool using one example in detail  
(Rita, David)

2:15 p.m. to 2:45 p.m. Small Group Work (Organized by Domain)
• Breakout Groups according to Domain (Bio, electronics, 

machining, semiconductors, misc.)
• Within each group, individuals craft a prompt. 
 (Tell GPT one thing graduates of your program need to do on the job.)

• Email attempts you made to use the tool to generate scenarios to: 
Neededmath@gmail.com

2:45 p.m. to 3:00 p.m. Large Group Discussion and Conclusions
• 5 minutes: SURVEY (Rita) 
• Invitation to follow up presentation at 3:10 pm (Thursday, 10/24) in 

the Blue Room
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The Needed Math Survey
2023

Bernard  S. Gorman, PhD
David Cassell, PhD



Purpose

We developed, conducted, and analyzed a survey to assess the use 
of math skills and the perceived amounts of preparation needed to 
perform these skills by three groups: Manufacturing Technicians 
(n=107), Applied Mathematics Instructors (n=56), and Technical 
Subject Educators (n=150).  In all, the usable sample size was 313.

Forty items were generated by the NM team. 



Grouping Items into Facets

• On the basis of judgments by the research team, the 
items were then grouped into seven facets: Algebra, 
Arithmetic, Geometry, Measurement, Modeling, Use 
of Technology, and Statistics. 



40 Survey Items

Copies are available at 
the ATE Connects session 

or email us at 
neededmath@gmail.com



Developing Survey Items

A validation panel of people from technical education and 
industry reviewed the items. 

Our evaluator requested that we ask to do “thinkalouds” 
with a few of those to be surveyed.

We pilot-tested survey items.

We sent the final survey to about 9000 technicians and 
faculty from D&B lists.  We received 313 “clean” responses. 



Usage Items
For example, for an item referring to assessing measurement 
tolerance (Q5) , the Usage item had this format:
Q5: How often do you do work that requires accuracy to a 
specified tolerance?
It had these choices:

• 1= Never/hardly ever
• 2 = One or twice yearly
• 3 =Monthly
• 4 = Once a week
• 5 = Almost Every Day



Preparation Items

The corresponding Preparation item had this format:
Q5A. How well-prepared were you to do work that 
requires accuracy to a specified tolerance?
It had these choices:

• 1= Not at all
• 2 = Slightly
• 3 = Moderately well
• 4 = Very Well
• 5 = Extremely Well



Examples Using the Statistics Factor



Differences

• There are some significant  differences between the 
means of the three roles on usage and preparation.

• For half of the factors, technicians differ from one 
or both of the educator groups.





Means, ANOVA, and Post-hoc 
Tests for the Top 10 Usage Items 



Correlations of 
Usage and Preparation Factors

• We investigated whether there were relationships 
among ratings of the use of mathematics tasks and 
the amount of perceived preparation rated by 
members of the three roles. 



About the Correlations

Although there were statistically significantly 
correlations, the correlations among use and 
preparation were generally low to moderate for all 
three roles. 
This was especially so among the Technicians. 
Therefore, frequent use of mathematics  skills is not 
a guarantee of preparation for these skills. 



Survey Findings

• It is clear that technicians, mathematics educators, 
and technical educators differ on their judgments 
of the usage and preparations needed for 
mathematics skills.



Further  Survey 
Analyses

• What are the demographic differences among the 
three roles?

• What are the differences among subgroups of 
technicians? For example, in Biotech and 
Manufacturing?



Onward to Scenarios !!



Purpose of the Scenarios

• To provide realistic, contextualized examples of the use of 
math in the manufacturing workplace.
o Answering the question: “When am I ever going to 

use this?”
• To illustrate why the math encountered in the workplace is 

difficult even though the manipulations themselves are 
mostly learned in middle school.

• Math ≠ arithmetic!

Paul Horwitz, The Concord Consortium



Clean In Place Systems  
Food and Beverage Industry

NCSU Howling Cow and Diversey 

Jay Martin Wake Technical Community College





CIP and Data Collection

NCSU Howling Cow CIP

https://tinyurl.com/NCSUCIPDAIRY


What is the right amount of water to use?

Industry Standard is to send 
to drain 3 times the amount 
in one circuit volume!

And to consistently clean 
with this industry standard!



Data in Graphical Formats



Use Math to determine:

1) the total volume in one circuit (volume of fluid to 
go through one complete pass)

2) The volume that should be sent to drain based on 
the industry standard (three times the circuit 
volume )

3) The amount of water sent to the drain in this data 
that exceeds the industry standard.



Biotechnology Scenario

Lisa Seidman, Madison Area Technical College



MICROARRAYS

• Type of assay that can be used to analyze gene expression 
in samples

• When a gene is expressed, its specific RNA is produced

• Therefore, Maddie is looking at RNAs



Nanodrop instrument

Sample A Sample B Sample C Sample D Sample E

[ RNA  ] [ RNA ] [3372.4 ng/µL ] [ RNA ] [ RNA  ]



Objective: 
Normalize the concentration 

AND the amount of RNA in all samples

Maddie says all samples should have 
at a concentration of 

In her example, the sample RNA 
concentration is:

 3372.4 ng/µL



Step 1: Calculate volume needed to obtain  

Pipette that volume RNA sample 
to fresh tube



Step 2: Calculate volume of water needed to have 
0.46875 µg/µL RNA 

Step 3: Recall that there is already some sample that 
has been put in the tube. 

Therefore, subtract this volume to determine how 
much water is required.

Water



Circuit Breaker Testing

During Fall of 2023:

Michael Hacker, Jay Martin, and Rodney Null met in 
Raleigh, NC and visited two companies: 
Eaton Corporation and Siemens Corporation.

Rod Null, Rhodes College



Some things we observed



Some things we observed

Back View Video Link: 
https://drive.google.com/file/d/1sUj9udP06aLIWWu0RQFm
j6OSVGe_MK1d/view?usp=drive_link

Front View Video Link:
https://drive.google.com/file/d/1EZz5ZiG4r9JsUKvGbqo
QalBheNzZ1hfM/view?usp=drive_link 

https://drive.google.com/file/d/1sUj9udP06aLIWWu0RQFmj6OSVGe_MK1d/view?usp=drive_link
https://drive.google.com/file/d/1sUj9udP06aLIWWu0RQFmj6OSVGe_MK1d/view?usp=drive_link
https://drive.google.com/file/d/1EZz5ZiG4r9JsUKvGbqoQalBheNzZ1hfM/view?usp=drive_link
https://drive.google.com/file/d/1EZz5ZiG4r9JsUKvGbqoQalBheNzZ1hfM/view?usp=drive_link


Some things we observed



Testing Breakers



Criteria for Passing



Circuit Breaker Testing

PROBLEM STATEMENT
A technician needs to test the critical design components 
of a medium to large circuit breaker to determine if all the 
manufacturing design specifications are met.



A Paradigm Shift: Artificial 
Intelligence

• Over the past four years of this project, there have 
been incredible developments in artificial 
intelligence, especially demonstrated by the 
software: ChatGPT.

• The acronym, GPT, stands for:
• Generative 
• Pre-trained
• Transformer



What Can We Do with GPT?

• We have been experimenting with ChatGPT and 
similar GPT software and found that we could ask 
the programs to:

• 1) Create new survey items
• 2) Interpret and classify existing survey items into 

meaning groups
• 3) Suggest  and generate tentative answers for 

interesting comparisons
• 4) BETTER  YET: As we  will explain later,  we can create 

new problem scenarios using the Scenario Generator 
developed by Drs. David Cassell and Rita Wang.



Be Clear and Specific: 
Provide detailed 

requests with specific 
roles or math concepts.

Use Real-World 
Contexts: Embed 
scenarios in tasks 

technicians face in the 
workplace.

Focus on Technician 
Tasks: Highlight specific 

tasks performed by 
technicians.

Tailor to Specific 
Manufacturing Sectors: 

Ensure sector 
relevance.

Encourage Problem-
Solving: Create multi-

step scenarios requiring 
critical thinking.

Align Scenarios with 
Specific Curricula: Tailor 

scenarios to course 
objectives.

Request Additional 
Resources: Ask for 

sample solutions or 
videos.

Iterate and Refine: 
Encourage scenario 
adjustments to suit 

needs.

Incorporate Common 
Technician Errors: 
Address common 

challenges and 
mistakes.

Facilitate Reflection 
and Discussion: Include 

group discussion 
questions.

Guidelines for Interacting 
with the Scenario Generator



Be Clear and Specific with your Request

Clear and specific requests allow the generator to tailor 
scenarios more precisely to your needs, whether it’s for a CNC 
machine operator using trigonometry or a scenario involving 
fluid dynamics in the automotive industry.
Example: Instead of asking, “Give me a math scenario,” ask, 
“Can you create a scenario for a quality control technician 
using statistical analysis in a packaging process?”



Use Real-World Contexts

Ask for scenarios embedded in realistic manufacturing 
situations, reflecting the actual tasks technicians face in the 
workplace.
The goal of the Needed Math project is to align educational 
scenarios with real-world technician roles in manufacturing. 
Scenarios are most effective when they simulate authentic 
industrial problems.
Example: “Create a scenario where a production technician 
needs to calculate the optimal speed of a conveyor belt to 
maintain product quality.”



Focus on Technician Tasks

• Request scenarios that highlight specific tasks 
manufacturing technicians perform (e.g., quality control).

• The scenarios are meant to reinforce math concepts that 
are directly applicable to technical roles. This makes it 
easier to design scenarios around math skills technicians 
must master to perform successfully.

• Example: “Can you design a scenario where a technician 
must assess the quality of the products produced?”



Encourage Problem-Solving 
and Critical Thinking

• Ask for scenarios that involve multi-step problem-solving or 
complex challenges that require critical thinking.

• Manufacturing technicians often face problems that require 
them to apply multiple skills and steps to reach a solution. 
Scenarios reflecting this complexity can better prepare 
students.

• Example: “Generate a scenario where a maintenance 
technician needs to troubleshoot a machine’s downtime by 
analyzing data and calculating the necessary adjustments.”



Incorporate Common Challenges & Errors

• Ask for scenarios that incorporate typical misconceptions or 
errors technicians might encounter.

• Identifying and addressing common mistakes can enhance 
learning by helping students recognize potential pitfalls and 
develop strategies to avoid them.

• Example: “What are some common mistakes when 
technicians convert between metric and imperial units? Can 
you create a scenario around that?”



Encourage Discussion and Reflection

• Request scenarios that include discussion questions or 
encourage group work to stimulate deeper understanding.

• Encouraging discussion helps students engage with the 
material, clarifies concepts, and promotes collaborative 
learning in technical environments.

• Example: “Can you include discussion questions for a scenario 
where a technician must balance cost and time efficiency in 
production?”



Request Scenarios Aligned with Specific 
Courses or Curricula

• Link your scenario requests to specific course topics or 
learning objectives.

• Aligning scenarios with your course goals ensures that they 
reinforce the relevant math skills needed for success in 
specific technical training.

• Example: “I need a scenario for a lesson on quadratic 
equations in a robotics course. Can you create one?”



Ask for Additional Resources

• Request extra resources like pedagogical tips, video links, or 
sample solutions to complement the scenarios.

• These resources can provide further support for educators 
and students, making the math concepts more accessible.

• Example: “Can you include any video resources or sample 
solutions to help explain the calculations in this scenario?”



Consider the Manufacturing Sector

• Specify the manufacturing sector (e.g., automotive, 
electronics, aerospace) to ensure the scenario reflects sector-
specific applications.

• Different manufacturing sectors may have unique processes, 
tools, and math applications. Tailoring the scenario to a 
specific industry increases its relevance.

• Example: “Can you provide a scenario involving cost analysis 
in the electronics manufacturing industry?”



Encourage Follow-Up and Iteration

• Don’t hesitate to ask follow-up questions or request 
adjustments to scenarios.

• I can iterate on scenarios to better suit your needs or 
clarify points, ensuring they match your teaching 
objectives and the real-world problems technicians face.

• Example: “The scenario you created is great, but can you 
add a part that includes unit conversions and 
recalculating machine settings?”
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