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n Operation Translation Matrix: Addition and
Subtraction

Word problems communicate quantitative relationships through distinct verbal cues. Identifying the
foundational operation requires isolating keywords that establish whether values combine, grow,
separate, or compare. For addition, terms describe aggregating distinct addends into a combined
total. For subtraction, terms describe removing a subtrahend from an initial minuend or finding the net
distance between two discrete values. Paying close attention to reversal phrases such as 'less than'
or 'subtracted from' prevents syntactical inversion errors during equation assembly.

» Addition Keywords: sum, total, plus, combined, increased by, more than, in all, perimeter, gained.
» Addition Syntax: 'Sum of a and b' maps directly to a + b; 'a increased by b' maps to a + b.

» Subtraction Keywords: difference, minus, decrease, less, less than, fewer than, take away,
reduced by, remains.

» Subtraction Syntax: 'Difference between a and b' maps to a - b; 'a decreased by b' maps to a - b.

« Reversal Warning: 'a less than b' or 'a subtracted from b' indicates b - a, inverting the order of
appearance.

Syntax Directionality Warning

Phrases containing 'than' or 'from' (such as '6 less than x' or '8 subtracted from y') reverse the
numerical reading order. Always position the base quantity first: '6 less than x' translates to x -
6, never 6 - x.
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Operation Translation Matrix: Multiplication and
= Division
Multiplication and division describe scaling, rate comparisons, grouping, and partitioning.
Multiplication combines equal groups into a total product or scales a reference quantity. Division
partitions an overall total dividend into a specified number of equal groups or determines how many

groups of a given divisor fit within the dividend. Recognizing rate prepositions such as 'per' or
fractional indicators like 'half of' clarifies which quantity serves as factor, dividend, or divisor.

Multiplication Keywords: product, times, of (especially with fractions and percents), twice, double,

triple, per, area of.
» Multiplication Syntax: 'Product of a and b' maps to a * b; 'three-fourths of a' maps to (3/4) * a.

» Division Keywords: quotient, divided by, split equally, per, ratio, share, distributed among, half,
third.

» Division Syntax: 'Quotient of a and b' maps to a / b; 'a divided equally among b' mapstoa/b.

» Unit Rate Dual Role: 'Per' indicates multiplication when scaling a known unit rate across multiple
units, and division when calculating the baseline rate per unit.

Interpreting 'Of' and 'Per’

The word 'of' preceded by a fraction, decimal, or percentage indicates multiplication (e.g., '25%
of 80" becomes 0.25 * 80). The word 'per' defines a fraction or unit division (e.g., miles per hour

= miles / hours).
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/’ Four-Step Problem-to-Equation Conversion Protocol

Converting natural-language prompts into solvable equations requires a structured four-stage
workflow. Applying this repeatable protocol systematically prevents premature calculation and
guarantees that relationships between unknown variables and known constants are modeled
accurately before solving.

c Step 1: Identify and Define the Unknown

Read the prompt completely, determine the core question, and assign a variable letter (e.g., let x =
number of notebooks). Include explicit units of measure.

0 Step 2: Isolate Knowns and Operation Clues

Extract all numerical constants. Circle verbal cues (e.g., 'sum', 'twice as many', 'split among') to
identify corresponding operations (+, -, *, /).

é Step 3: Construct the Mathematical Equation

Translate the verbal clauses into an algebraic balance, placing equivalent quantities on opposite sides
of an equals sign (=).

N\
6 Step 4: Solve, Label Units, and Verify

Isolate the variable through inverse operations. Substitute the result back into the prompt to verify
logical and mathematical consistency.

« Stage 1: Read carefully and declare unknown variables with explicit measurement units.
» Stage 2: Filter given numerical data and tag operations using the Translation Matrices.
» Stage 3: Assemble the algebraic equation balance representing the full scenario.

» Stage 4: Solve the arithmetic operations and verify solutions against original constraints.
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Worked Word-Problem Breakdowns: Single-Step and
Multi-Step

This section provides worked examples demonstrating the step-by-step conversion of word problems
into formal mathematical equations. Observe how keywords identify arithmetic operations while
sentence structure dictates grouping.

« Example A (Multi-Step): 'Marcus bought 3 identical notebooks and a calculator for $14. The total
cost before tax was $29. What was the cost of each notebook?'

« Step 1 (Define Variable): Let n = cost of one notebook in dollars ($).

« Step 2 (Translate Phrases): '3 identical notebooks' translates to 3 * n; 'and a calculator for $14'
translates to + 14; 'total cost was $29' translates to = 29.

« Step 3 (Equation Assembly): 3n + 14 = 29.

« Step 4 (Solve & Verify): Subtract 14 from both sides: 3n = 15. Divide by 3: n = 5. Check: 3($5) +
$14 = $15 + $14 = $29.

- Example B (Ratio & Subtraction): 'Elena had 45 marbles. She gave some marbles to Leo and now
has 12 fewer than twice what she gave him. How many did she give Leo?'

« Step 1 (Define Variable): Let m = number of marbles given to Leo.

» Step 2 (Translate Phrases): "Twice what she gave him'is 2m; '12 fewer than' produces 2m - 12;
her remaining count is 45 - m.

« Step 3 (Equation Assembly): 45 - m =2m - 12.

« Step 4 (Solve & Verify): Add m: 45 = 3m - 12. Add 12: 57 = 3m. Divide by 3: m = 19. Check:
Remaining is 45 - 19 = 26; twice given minus 12 is 2(19) - 12 = 38 - 12 = 26.

Equation Balancing Check

Always ensure both sides of the equal sign represent identical units (e.g., dollars = dollars,
marbles = marbles). Never combine counts with dollar amounts without a unit conversion factor.
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(#) Operation Selection Decision Guide

When a prompt presents complex phrasing, use this decision framework to determine whether to
apply addition, subtraction, multiplication, or division based on the structural relationship between
given quantities and the target outcome.

@ What core relationship connects the known quantities to the requested unknown?

— Combining distinct, unequal quantities into a single combined total

Assign addition (+). Add all discrete component addends to set up the total sum

expression.

— Finding the remaining balance, reduction, or difference between two values

Assign subtraction (-). Subtract the subtrahend from the base minuend (watch for
inverted phrasing).

— Combining multiple equal groups or finding a fractional part of a known total

Assign multiplication (*). Multiply the rate or scale factor by the total number of units.

— Splitting an overall total into equal-sized sets or calculating a unit rate

Assign division (/). Divide the total dividend by the number of sets or the unit
denominator.

» Check whether quantities combine, compare, replicate, or partition.

» Distinguish between equal groupings (multiplication/division) and unequal aggregations
(addition/subtraction).



06

Equation Translation Practice and Verification
Checklist

Use the checklist below to verify equation setups before solving. Students and tutors should record
intermediate working steps in the structured practice fields.

[] Variable is clearly defined with explicit descriptive units.

All numerical figures from the prompt are accurately accounted for.

Directional words ('less than', 'subtracted from') are correctly inverted.

Parentheses are applied around grouped quantities prior to multiplication or division.

Units on the left side of the equals sign match units on the right side.

O 404gdog

Final value is substituted back into the original narrative context to verify real-world feasibility.

Target Word Problem Narrative:

Variable Definition (Let variable = ...):

Identified Keywords and Corresponding Operations:

Assembled Algebraic Equation:

Step-by-Step Algebraic Solution and Unit Verification:



