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Technical Mathematics Essentials Overview 

Course Purpose and Goals 

The Technical Mathematics Essentials is an offering of SeeMore Impact Labs,  a nonprofit that 

invents, develops, and delivers human-centered solutions to help people, organizations and 

communities thrive.  

The purpose of Technical Mathematics Essentials is to address gaps in fundamental math 

skills and concepts for technical operators, including in the water/wastewater, electric and gas 

utility, laboratory technician, and other related occupations.  The goal is to build basic 

mathematical and problem-solving skills and intuitions of general usefulness. 

Technical Mathematics Essentials, or TechMath, is built on the CSM learning engine, which 

empowers learners by developing learning strategies and mindsets, encouraging self-efficacy, 

and teaching persistence and resiliency: this is described in the Appendix -- CSM’s next-

generation adaptive learning.   
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TechMath Design & Content 

Course Design  

CSM’s adaptive learning technology will move each student through TechMath lessons and 

concepts according to their individual needs.  For example, a student struggling with solving 

equations may be moved to take a break and work on order of operations before coming back 

to solving equations.  Students work at their own pace, typically with the help of a coach. 

All lessons cover core mathematics skills and teach key problem-solving strategies.   

Each lesson contains:  

 Dynamic applications problems 

 A step-by-step guide to solve the problems 

 Solving the Problem worked out solutions 

 Specific error analysis 

 Comprehensive static lesson content with examples 

Lesson problems, skills, and content are scaffolded  ̶ fundamental building blocks lay the 

foundation for and work up to more complex problems. 

The Technical Mathematics Essentials Course curriculum includes Core Skills and Supporting 

Skills.  CSM's adaptive learning system adjusts to the needs of each individual student – 

everyone learns all of the Core Skills and each person is guided to as many Supporting Skills 

as they need.  This pedagogy sets students up for appropriate challenges, builds success, and 

fosters a growth and learning mindset.  All of the skills in the next section are Core Skills, unless 

explicitly labelled as Supporting Skills. 

Course Content 

Temperature  

Part 1 of 2 

This module focuses on understanding the Fahrenheit and Celsius temperature scales 

according to the freezing and boiling points of water.  It reviews common temperature values 

such as body temperature, and uses the concept of intervals (rather than commonly misused 

conversion formulas) to estimate temperature conversions between the Celsius and 

Fahrenheit scales.  This lesson also covers comparing degree changes on the two scales. 
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Question 1: Give your answers to the following questions in degrees Fahrenheit.  Give a whole 

number answer.  Questions with asterisks (*) should be exact, but in the others, a range of 

answers will be accepted. 

• *At what temperature does water freeze?  _____ degrees Fahrenheit 

• What is a temperature at which most business offices are kept? _____ degrees 

Fahrenheit 

• What is a normal human body temperature?   _____ degrees Fahrenheit 

• *What is the boiling point of water?  _____ degrees Fahrenheit 

Question 2: Give your answers to the following questions in degrees Celsius. Give a whole 

number answer.  Questions with asterisks (*) should be exact, but in the others, a range of 

answers will be accepted. 

• *At what temperature does water freeze?   _____ degrees Celsius 

• What is a temperature at which most business offices are kept?    _____ degrees 

Celsius 

• What is a normal human body temperature?    _____ degrees Celsius 

• *What is the boiling point of water?   _____ degrees Celsius 

Question 3: Which of the following statements are true? 

• A car moving at 60 miles per hour is moving twice as fast as a car moving 30 miles 

per hour. 

• Water that is 60 degrees Fahrenheit is “twice as warm” as water that is 30 degrees 

Fahrenheit. 

• 0 degrees Fahrenheit is the coldest temperature. 

Part 2 of 2 

Question 1: Answer the following as fractions, or as decimal numbers rounded to the nearest 

tenth. 

• 1 degree unit Celsius = ______ of a degree unit Fahrenheit 

• 1 degree unit Fahrenheit = _______ of a degree unit Fahrenheit 

For Questions 2-4: Use estimation and give a whole number or integer answer.  For your 

estimate, use an approximation of 2 degree units Fahrenheit per 1 degree unit Celsius. 

Question 2: In a reaction vessel, when the temperature rises 25 degrees Celsius, about how 

many degrees Fahrenheit does it rise? 

200 degrees C change = _______ degrees F change  

Question 3: Complete the conversion using estimation.   

-5 degrees C = ____ degrees F  

Question 4: Complete the conversion using estimation.   

52 degrees F = ______ degrees C 
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Percent Increase and Decrease 

Students use application problems to calculate percent increase or decrease by finding the 

difference in values, dividing, and converting to percent.  Advanced problems include applying 

multi-step processes to compare percent increase or decrease over a variety of data.  Students 

also calculate absolute increase and decrease, and understand the difference between 

absolute increase/decrease and percent increase/decrease. 

Part 1 of 2 

Question 1: Below is an excerpt of a population survey of Barrington taken by government 

officials. In the two years shown, what is the percent change in Barrington’s population? 

____________ %   *increase or *decrease 

  Year Population 

1990 400 
1991 500 

 

Question 2: Below is an excerpt of the crops harvested (in acres) by a farmer in two different 

months. From one month to the next, what is the percent change? 

 ____________ %   *increase *decrease 

  

Month Amount 

September 1514 

October 3861 

Part 2 of 2 

Question 1: The Environmental Protection Department of the province of Nottingsea recently 

conducted samplings of the soil in three communities over two years to measure the change 

in lead concentrations. Answer the following questions: 

a. Which community had the largest absolute increase in lead concentrations 

from 2018 to 2020?  

b. Which community had the largest percent increase in lead concentrations 

from 2018 to 2020? 

Community 2018 Lead Levels (in ppm) 2020 Lead Levels (in ppm) 

Stratney 250 300 

Taunbron 100 130 

Oqaatalik 250 280 

 

 

 

 



 

TechMath Curriculum Guide   Page 5 of 18 

      

Question 2: A blast furnace’s temperature has to be closely monitored during the production 

process of cast iron. The temperature is shown at different times in the day below.  

a. Which run as the largest absolute decrease? Give the decrease, as an 

absolute change. 

b. Which run has the largest relative decrease? Give the decrease, as a percent 

change.  

Thursday’s Runs Starting Temperature (in °C) Ending Temperature (in °C) 

Run 1 1200 1100 

Run 2 1100 1000 
Run 3 1250 1000 

 

 

Understanding Significant Digits  

Students will comprehend why digits are either significant or not, and count significant digits 

in a value based on this understanding.  Students will be able to round a value to a specified 

number of significant digits.  Applications problems include rounding using signification digits, 

based on measuring devices with a given accuracy. 

Part 1 of 2 

Questions 1 – 4:  

For each of the following numbers, state the number of significant digits.   

Question 1: 360    _____ significant digits  

Question 2: 360.000   _____ significant digits 

 

Question 3: 0.0052   ____ significant digits  

Question 4: 0.00520    ____ significant digits   

 

For Questions 5-8, round each number to the given number of significant digits. 

Question 5: Round 5405.124252 to 2 significant digits: ______________ 

Question 6: Round 5405.124252 to 6 significant digits: ______________ 

Question 7: Round 0.051042965 to 2 significant digits: ______________ 

Question 8: Round 0.051042965 to 5 significant digits: ______________ 
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Part 2 of 2 

Question 1:  You have a scale that is accurate to the nearest 1 gram.  The scale reading is 

below.  According to the accuracy, what number should you report? Select one.  

43 grams 

• 40 g 

• 43.0 g 

• 43.00 g 

• 43 g 

 

Question 2:  The TX500 50 mm pressure gauge is accurate to the nearest 0.1 psi.  The gauge 

reading is below.  If you need to report just a single number in the logbook, and not a range, 

what number should you report? 

 

_____ psi 

 

 

Measuring Devices and Error 

Meter Error 

Students find range and percent error based on a given reading and accuracy of a measuring 

device.  Comprehend the relationship between percent error, absolute error, and the increasing 

or decreasing value of a reading.  In context, focus on the concepts of accuracy and error in 

measuring devices, and the meaning of percent error versus error as an amount. 

Part 1 of 2 

John checks the [made up name] pressure gauge every day.  The accuracy of the gauge is +/- 

0.1 psi (pounds per square inch).  Answer the questions from the two readings below.  Round 

all answers to the nearest 0.1 units. 

 MONDAY    TUESDAY 

            

Question 1: The actual pressure on Monday is between _____ psi and ______ psi. 

Question 2: The actual pressure on Tuesday is between _____ psi and ______ psi. 

Question 3: The reading from Monday is as much as +/-  _____% off. 

Question 4: The reading from Tuesday is as much as +/- _____% off.  



 

TechMath Curriculum Guide   Page 7 of 18 

      

Question 5: Using the answers from Questions 3 and 4, choose the correct statement below. 

A. The error as a percent gets smaller as the reading gets larger. 

B. The error as a percent stays the same as the reading gets larger. 

C. The error as a percent gets larger as the reading gets larger. 

Part 2 of 2 

Question 1: The RestStar 4A flow meter has an accuracy of +/- 1%.  Below are the flow rates 

at two different times.  Answer the questions and round all answers to the nearest 0.1 units. 

→  4:17 pm     

                 

Question 1: The amount of error is: +/- _______ ml/hr. 

Question 2: The actual flow rate is between _____ ml/hr  and ______ ml/hr. 

→11:38 am 

  

Question 3: The amount of error is: +/- _______ ml/hr. 

Question 4: The actual flow rate is between _____ ml/hr and ______ ml/hr. 

Question 5: Using the answers from Questions 1 and 3, choose the correct statement below. 

A. The error amount on the RestStar 4A pressure gauge gets smaller as the reading gets 

larger. 

B. The error amount on the RestStar 4A pressure gauge stays the same as the reading 

gets larger. 

C. The error amount on the RestStar 4A pressure gauge gets larger as the reading gets 

larger. 

 

 

Dimensional Analysis 

Advanced Dimensional Analysis  

Students work through applications problems requiring conversion given a specific conversion 

factor as well as extraneous information.  This module also includes conversions between 

English and metric units, and conversions with square or cubed units, such as converting cubic 

centimeters to liters.  
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Students are given for all questions access to the following set of conversions: 

Part 1 of 3 

Question 1: Roger cuts a 400 cm piece of P-129R tubing.  P-129R tubing has the following 

specifications: 

• Weight: 0.2lb/in 

• Diameter: 8 cm 

• Cost: $0.23/lb 

What is the weight of Roger’s tubing in kilograms? Give your answer to the nearest tenth of a  

kilogram. 

 

Question 2: The X-23 airplane is flying at 500 miles/hour. The X-23 has the following 

specifications: 

• Maximum speed: 650 miles per hour 

• Typical cruising fuel consumption: 1.2 gallons/mile 

• Range: 2400 miles 

How fast is the airplane using fuel in gallon/minute? Give your answer to the nearest tenth of 

a gal/min. 

Length 

1 mi (mile) = 5280 ft (feet) 
1 ft = 12 in (inches) 
1 yd (yard) = 3 feet 
1 inch = 2.54 cm (centimeter) 
1 m (meter) = 100 cm 
1 meter = 1.094 yd 
1 km (kilometer) = 1000 m 

Area 

1 acre = 43,560 sq ft (square feet) 

1 sq mi (square mile) = 640 acre 

1 hectare = 10,000 m2 (square meter) 

1 hectare = 2.47 acres 

Time 

1 min (minute) = 60 sec (seconds) 
1 hr (hour) = 60 min 
1 hr = 3600 sec  
1 d (day) = 24 hr 

Volume 

1 gal (gallon) = 4 qt (quarts) 
1 qt (quart) = 32 oz (ounce) 
1 qt = 4 c (cups) 
1 cup = 8 oz 
1 oz = 2 tbsp (tablespoons) 
1 tbsp = 3 tsp (teaspoons)  
1 cm3 (cubic centimeter) = 1ml (milliliter) 
1 L (liter) = 1000 ml  
1 L = 1000 cm3 
1L = 1.06 qt 
1 gal = 3.8L 
1 cu ft (cubic foot) = 7.48 gal 

Weight 

1 T (ton) = 2000 lb (pounds) 
1 lb = 16 oz (ounces) 
1 kg (kilogram) = 2.2 lb 
1 lb = 454 g (grams) 
1oz = 28.3 g 
1 kg = 1000 g 
1 g = 1000 mg (milligrams) 
1 MT (metric ton) = 1000 kg 
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Part 2 of 3 

Question 1: Priya is monitoring the Trinext manifold, which is currently at a temperature of 41.4 

degrees Centigrade. The Trinext manifold has the following characteristics: 

• The manifold temperature increased 2 deg C in the last 10 minutes 

• The manifold requires cleaning every 20 hours of operation 

• The maximum operating temperature for the manifold is 1800 degrees 

If things continue at the same rate, what will the temperature be in 2 hours? 

Question 2: Samuel is keeping an eye on the production facility flash tank, which is currently 

at a height of 2.8 meters and is decreasing.  

• The flash tank input pipe connects at 1.3 meters. 

• The level in the tank has decreased by 24 cm in the last 2 hours 

• The flash tank is cycled every 2 days 

If things continue at the same rate, how many hours will it be until the level of the tank is at 0.4 

meters? 

Part 3 of 3 

Question 1: To the nearest cubic centimeter, how many cubic centimeters are there in 5.6 

cubic meters?  

 

Question 2: To the nearest acre, how many acres are there in 10.2 square miles? 

 

 

Concentration, Mixture, & Dilution 

Mixture & Dilution 

This module, in 3 parts, focuses on understanding concentration, dilution, and parts of a 

solution.  Students will understand concentration both as a ratio and as a percent.  Students 

will master converting ratios to precents.  To solve problems, students perform conversions 

using dimensional analysis.  Problems include the following skill sets: 

 Find the concentration of a solution from a given volume of solute and solvent, or from 
total solution volume and amount of solute. 

 Calculate the amount of solute and/or solvent needed to make a certain concentration 
of solution from pure and non-pure stock solutions, given a final volume.  

 Determine the amount of solute or solvent needed to make solutions of a concentration 
given as a ratio, and requiring conversions between units. 

 Applications problems include dilutions given either volume/volume (2 liquids) or 
weight/volume (dissolving a solid in a liquid). 
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Part 1 of 3 

Question 1: Aiko is mixing a solution of Gatorade syrup in in water.  She follows instructions 

to mix 200 ml of Gatorade syrup, and 800 ml of water.  What is the concentration of the final 

solution that she mixes? Give your answer to the nearest 1 percent. 

________% concentration 

Question 2: Jaime needs to make 100 ml of 2% benzene in propanol.  Both benzene and 

propanol are liquids.  He has stock solutions of 100% benzene and 100% propanol. 

How much benzene and propanol does Jaime need to make the solution? Give your answer to 

the nearest 1 ml. 

• ________ ml benzene 

• ________ ml propanol 

Part 2 of 3 

Question 1: Rosa is making 10 gallons of 10% ethanol in water.  She has the following supplies:  

• Stock solution of 40% ethanol in water 

• Pure water 

How much of the ethanol stock solution, and how much water does Rosa need? Give your 

answer to the nearest 0.1 gallon. 

• ________ gallons of 40% ethanol stock solution 

• ________gallons of water 

Answer both questions to the nearest 0.1 gallon. 

Question 2: Xuan is making 5L of a solution of 0.1% phenol and 0.01% sistenol, in a base of 

butanol.  She has the following stock solutions: 

• 5% phenol in butanol 

• 1% sistenol in butanol 

• 100% butanol 

To make the solution, she will mix: 

• _______ L 5% phenol 

• _______ L 1% sistenol 

• _______ L 100% butanol 

Answer all questions to the nearest 0.1 liter. 
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Part 3 of 3 

Students are given this chart: 

 

Question 1: Tabitha needs to make 200ml of a 0.12 mg/ml solution of polydinium in water.  

How many mg of polydinium does she need?  Give your answer to the nearest mg. 

Question 2: Gerhard is making 10 L of 0.015 mg/ml questone solution.  How many grams of 

questone does he need? Give your answer to the nearest 0.1 g. 

Question 3:  Aditya has 5 g of raptan. How many milliliters of 6 mg/ml of raptan solution can 

Aditya make?  Give your answer to the nearest ml.  

 

Parts per million and Parts per billion 

In Part 1 of this module, students convert percent to parts per million, and convert between 

parts per million (ppm) and parts per billion (ppb).  Students also convert with ppm and ppb 

from a given ratio or concentration.   

Part 2 of this module challenges students to create solutions of a certain concentration in ppm 

or ppb from a given concentration ratio and total solution volume.  Problems involve both 

weight and volume, and some problems require using the density of water as a conversion 

factor.   

Part 1 of 2 

Students are given the following: 

• ppm is parts per million 

• ppb is parts per billion 

• 1 billion = 1000 million 

 
Question 1: Aneesha measures water quality at the water treatment plant.  The concentration 

of her water sample is 0.02% chloride.  Convert this to parts per million.  _______ ppm 

Weight 

1 kg (kilogram) = 1000 g (gram) 

1 g = 1000 mg (milligrams) 

1 g = 1,000,000 µg (micrograms) 

1 mg = 1,000 µg 

Volume 

1 L (liter) = 1000 ml (milliliters) 
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Question 2: Nancy monitors the level of lead in drinking water.  Her recent test detects 15 ppb.  

Express the concentration in ppm. 15 ppb = _______  ppm 

Question 3: Samesh has 4 L of chlorine in 5,000 L of total water solution.  What is the 

concentration in parts per million and parts per billion?  _______ ppm       ______ ppb 

Question 4: Julia measures 0.8 g/kg of sucrose in water.  What is the concentration in ppm? 

 ______ ppm    

Part 2 of 2 

Question 1:  Samuel needs to make 20 kg solution of plextone in water.  How many mg plextone 

does he need for a concentration of 250 ppb?  How many mg plextone would he need for a 

concentration of 250 ppm?  

 For 250 ppb: _______ mg plextone 

 For 250 ppm: _______ mg plextone 

Question 2: Maria’s water sample is 2.5 L.  Convert the volume to weight in g using the density 

of water.  The density of water is 1 kg/L or 1 g/ml.     ____ g water 

Question 3: Raena measures 12 mg of stensine in 2 L water. What is its concentration in ppm? 

The density of water is 1 kg/L or 1 g/ml.    ______ ppm 

Question 4: Agnes measures 1.5 µg peroxide/ml water.  What is its concentration in parts per 

billion?  Use the density of water at 1g/ml.   _____ ppb 

 

Evaluating Expressions 

In Part 1 of this module, students apply order of operations to evaluate variable expressions 

with multiple variables.  Problems include grouping symbols, fraction expressions, and 

exponents.   

In Part 2 of this module, students evaluate formula expressions by substituting given 
measurements, and must convert between English and metric units for the given formula.  To 
convert, students apply dimensional analysis for various units, including square units. 
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Part 1 of 2 

For Questions 1 – 3, evaluate each expression for the given variables and their values.  If 

needed, round your final answer to the nearest tenth. 

• B = 6 

• C = 10 

• D = 40 

• G = 5 

• H = 8 

• L = 15 

• M = 25 

• R = 3  

Question 1:   

  
3(G+B)

M−1
  = ________ 

Question 2:    

  
4C2

(G+4)(G−1)
 =  _________ 

Question 3: 

  
(B+4L)(D/R)

M2(H−1)
 = _______ 

Part 2 of 2 

Evaluate the formula for the given information.  If needed, round your final answer to the 

nearest tenth. 

Question 1: John, an engineering student, is calculating frenels using the formula given below.  

For this formula, L is length in meters, W is weight in kilograms, and V is volume in liters. 

 frenels = 
L x W

V
 

John has measured a length of 22 feet, weight of 10 kg, and volume of 5 gallons.  Evaluate 

frenels using the formula and John’s measurements. 

 _________ frenels 
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Question 2: Use the formula below to evaluate skittles.  For this formula,  W is weight in pounds, 

V is volume in gallons, and A is area in square feet. 

 skittles = 
W/V

A
 

Maria is using the following data from her chart.  Evaluate skittles using the formula and the 

given data. 

• Weight = 2500 lb 

• Volume = 5 gal 

• Area = 100 m2 

  

 ___________ skittles 

 

 

Advanced Formulas: Solving Multi-step Equations 

In Part 1, students solve multi-step equations using inverse operations.  Problems include 

variables within grouping symbols, and fraction expressions with variables in either the 

numerator or denominator.  Students will be able to check solutions of an equation. 

Part 2 of this module introduces equations with 2 or more variables.  Concepts include variable 

dependency and the relationship between input and output.  Students apply the concepts to 

determine whether the value of an expression increases or decreases as input increases or 

decreases. 

Part 1 of 2 

Solve for G in each of the following equations.  It will be easier if you write all of your steps on 

paper, and show inverse operations being applied on both sides.  Round to the nearest tenth if 

needed. 

Question 1:   3(2G + 4) =  24 

Question 2:  
56

G
= 7      

Question 3:  
5

G−6
= 2   

Question 4:  
2G

3
+ 6 = 10   

Question 5:  4 =
5G−3

3
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Part 2 of 2 

For each of the following equations, as the value of F increases, does X increase or decrease? 

Assume all values of F are positive. 

Question 1: X = F + 7  or  F - 7 

   As F increases, X [increases, decreases] 

Question 2: X = 
F

2
 

Question 3: X = 
10

F
 

Question 4: X = 10 - F 

Question 5: X = 4F – 5     

 

For each of the following equations, as the value of G increases, does X increase or decrease?  

Assume all values of G are non-negative. 

Question 6:  X = 
20

G−R
 

Question 7:  X = 
2(G+R) 

5
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Appendix – CSM’s next-generation adaptive learning 

Overview of CSM  

SeeMore Impact Lab's CSM products and services include The CSM Course, The CSM 

Certificate, The Challenge Problems, Coaching Tools, and a Career Strategies Course.  Our 

courses are appropriate for people of all educational backgrounds and for organizations in a 

wide range of education, training, and work environments. 

The CSM Course is an online, self-paced course that builds high performance skills and traits 

including: quantitative reasoning, applied literacy, problem-solving strategies and mindset, and 

self-efficacy.  These are the skills and competencies needed by everyone to succeed in school, 

college, work, and life.  CSM teaches these skills and traits through the first adaptive learning 

system that not only personalizes instruction in academic/cognitive skills, but also in the 

learning-to-learn metacognitive and how-you-feel/how-you-act noncognitive realms, as well.  

Furthermore, CSM is exceptionally sensitive to the social-emotional issues that strongly affect 

struggling students.    

The Challenge Problems focus on advanced problem-solving and critical thinking with an 

emphasis on teaching students how to attack novel problems in unfamiliar situations.  

Challenge Problems develop fundamental skills and intuitions such as: 

 An exploration mindset 

 Attention to detail 

 Math confidence and fluency 

 Informational text literacy 

 Data interpretation skills 

 The ability to draw conclusions and confirm or reject hypotheses 

CSM’s learning approach 

All courses on CSM’s learning platform are designed to adapt to the individual learner.  The 

courses teach not only academic skills, but a High Performance mindset and constructive 

learning behaviors. 

 

 

 CSM teaches quantitative reasoning, applied literacy, and problem solving that are truly useful 

in education and work, personalized with the Goldilocks Principle: students are directed to 

skills that are neither too difficult or simple, but “just right”, where they work hard, but can be 

successful.  



 

TechMath Curriculum Guide   Page 17 of 18 

      

 CSM teaches learning strategies and meta-cognition: 

deciding what lessons to read, when to read them, and how 

deeply to read them; accuracy in self-assessing of when you 

know the skill; planning and goal-setting; an exploration 

mindset; and more. For example, CSM provides multiple lessons (procedural, conceptual, 

multiple solutions, worked examples, etc.) for every skill, and monitors how students try to 

learn and their personal success in learning, and then responds appropriately. 

 A student without good learning behaviors won’t consistently employ their learning 

strategies – such behaviors include attention to detail, conscientiousness, persistence, self-

reliance, and more. One way that CSM addresses these is that when students are frustrated, 

they often hit the Submit key rapidly or enter junk answers, or alternatively escape to Facebook 

or other websites – CSM monitors these behaviors and guides students to more successful 

interactions. 

 Student behaviors are related to personal high expectations, growth mindset, intrinsic 

motivation, and most importantly, self-efficacy: the belief that you can succeed. Without self-

efficacy, when a student hits a roadblock, their suspicions of likely failure are affirmed, 

resulting in poor persistence and resilience. CSM addresses these issues with many methods 

taken from educational psychology and behavioral economics. 

 There are many feedback mechanisms within the process. For example, when students are 

successful at acquiring skills, their self-efficacy and intrinsic motivation improve. Additionally, 

if a student has good learning strategies, they feel more in control and their self-efficacy 

improves. 

Current state-of-the-art adaptive learning systems (Pearson, ALEKS, Cognitive Tutor, Knewton, 

etc.) personalize only the student’s path through the skills. CSM is the first adaptive learning 

system to personalizes all aspects of learning – skills, learning, behaviors, affect – in order to 

develop the virtuous cycle of personal effectiveness and High Performance that results.  

Importantly, the purpose of education and training isn’t simply to acquire skills, but to become 

a better learner (e.g., with solid learning strategies and meta-cognition) and a better student 

(with good behaviors and positive self-identity). That is, CSM attends to all aspects of learning, 

building high performing people who will be successful at school, college, work and life.  

“Behind the Scenes” – selected adaptive learning methodologies 

 CSM analyzes student answers to determine the thinking error 

Even when the answer is fill-in-the-blank, CSM analyzes the student input in order to determine 

the student’s specific thinking error, significantly speeding the learning process. 

 CSM makes high-level interpretations about the student every 10 minutes 

Every 10 minutes, CSM analyzes the last 2 hours of student work and creates a series of high-

level interpretations of student strengths and concerns, which CSM conveys directly to the 

student through the computer interface, as well as communicating to CSM coaches.  
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 CSM gives frequent and meaningful positive feedback 

In most learning systems, positive feedback to the student is rare and rote. In contrast, CSM 

constantly provides meaningful positive feedback. E.g., even if a student is stuck on learning a 

skill, CSM can complement them on how they’ve tried to learn – on the lessons that they read, 

on their persistence, on their high degree of focus, on how they handle frustration, and more.  

 CSM asks meta-cognitive questions to produce people who think about their learning 

CSM teaches meta-cognition – i.e., thinking about learning. At key times, CSM asks students to 

reflect whether they know the skill that they’re working on (e.g., “Do you now know how to do this 

skill?” “Do you understand what you did wrong?”, etc.). CSM checks to see how accurate they are 

in answering these questions, and provides intervention for poor meta-cognition. 

 CSM monitors and responds to issues in learning and performance competencies 

Most adaptive learning programs focus on cognition, while CSM recognizes that the key issues 

for most students are motivation, attitudes, behaviors and feelings. To provide personalized 

interventions, CSM continuously monitors student behavior – entering “junk”, rapidly hitting the 

submit key, looking at other windows (e.g., email or Facebook), giving up quickly, etc. CSM 

interprets student data every 10 minutes, and intervenes directly or through the coach.  

 CSM deals with frustration as a prerequisite to persistence 

In most classes, teachers intervene quickly when they see frustrated 

students. In CSM, however, persistence is a key goal, and there is no such 

thing as persistence without frustration, and teachers shouldn’t short-

circuit it. CSM monitors student frustration, but only intervenes (directly or 

through the coach) when frustration appears ready to “boil over”.  

 CSM requires an extremely high level of mastery/competency  

In education, “competency” usually means 60-70% on a multiple choice test. In CSM, most 

problems are fill-in-the-blank, and students need to get 100% right before they proceed to the 

next skill, teaching students three things: what A-level work is; that they’re personally capable of 

A-level work; and finally, the joy of mastery, allowing them to develop intrinsic motivation. 

 CSM ensures durable mastery  

Most learning systems place a check for a skill as soon as the student shows initial competency. 

In CSM, a student earns a yellow belt (karate metaphor) when they first gain 100% mastery. They 

must then show mastery over weeks to then earn their red and later their black belt.  

 CSM deals with learned helplessness 

Many students experience “learned helplessness” -- when they get stuck, they just put their pencil 

down. They assume the issue is with themselves, thinking: “I can’t do this, and everyone else 

probably can – I’m really dumb. If I try, I still won’t be able to do it and then I’ll feel worse, so I won’t 

even try.” One of CSM’s many interventions for this is that after a student learns a skill, CSM 

indicates its difficulty – e.g. “Only 20% of all adults and 40% of college graduates could do that 

problem”. Now the student thinks: “I can’t do the problem not because I’m stupid, but because it’s 

hard. If I spend 5 minutes on it, I can usually do it, and then I’ll be doing things most people can’t 

do.” CSM protects students from learned helplessness, and gives them space to try hard things. 


