APPENDIX
Table 2: Holistic categories and subcategories for the word problem posing item (6 × 5 = 30), with descriptions and illustrative student responses
Part A: Holistic categories
	Category
	Description
	Illustrative student response

	1. Correct: multiplicative situation
	The posed problem instantiates a multiplicative situation with the correct numbers. A grouping structure is present (equal groups of equal size, multiplicative comparison, or equivalent). Factors 5 and 6, result 30, and logical consistency are all satisfied.
	"Mara bought 6 bags of cookies, each bag contains 5 cookies. How many cookies does she have altogether? – Mara has 30 cookies in total."

	2. Multiplicative structure with minor errors
	A multiplicative structure is recognizable, but the response contains at least one error: incorrect factors, a calculation error, a missing or ill-formed question, or a division situation with the composed units still visible. A knowledgeable reader can identify the multiplicative intent despite the error.
	"Kim wants to buy 5 packs of stickers for 6€ each. How much does she have to pay? She has to pay 36€."

	3. Other error
	The response places the given numbers into a situational context, but does not construct a multiplicative structure. The underlying operation is additive, subtractive, or indeterminate. The numbers appear but are not used as factors in a grouping relationship.
	"Kai wants to work 30 hours this week and has already worked 22. How many hours does he still need to work? – He still needs to work 8 hours."

	4. Surface translation error
	The given numbers appear in a situational context, but no meaningful multiplicative structure connects them. At least two of the numbers 5, 6, or 30 are present, but their relationship in the story is not multiplicative.
	"Lisa has 5 apples and 6 bananas, how many does she have altogether?"

	5. No evidence
	The response does not provide sufficient information to assess the student's understanding of multiplicative structure. This includes empty responses, responses that describe the task itself rather than posing a word problem, and responses that present a calculation procedure without a situational context.
	"You can use the 5-times or the 6-times table. The answ


Part B: Subcategories for all holistic categories
	Category
	Subcategory
	Description
	Illustrative student response

	1. Correct: multiplicative situation
	Grouping structure present
	The response constructs a situation with equal groups. The grouping relationship is identifiable from context but not necessarily explicitly marked through dedicated language.
	"Tim has 6 packets of stickers. One packet has 5 stickers. How many does he have in total? – 6 · 5 = 30."

	
	Explicit grouping language
	The response uses language that explicitly marks the uniformity of the groups, such as 'each', 'per', 'every', or 'always', making the unit structure linguistically visible rather than merely implied.
	"There are 6 vases on the table. Each vase contains 5 flowers. How many flowers are there? – There are 30 flowers."

	
	Multiplicative comparison structure
	The response constructs a comparison situation ('n times as many') rather than a grouping situation, but correctly instantiates the multiplicative relationship with factors 5 and 6 and result 30.
	"Tim has 6 stickers. Marie has 5 times as many as Tim. How many stickers does Marie have? – 6 · 5 = 30, Marie has 30 stickers."

	
	Repeated addition structure
	The response expresses the multiplicative relationship as a sequence of equal additions, either through explicit enumeration or a temporally repeated action.
	"James has 5 grapes, gets 5 more, and 5 more, and 5 more three more times. How many grapes does James have now? – James now has 30 grapes."

	
	Grouping structure implicit or uncertain
	The response constructs a plausible multiplicative situation with the correct numbers, but the grouping relationship is too vague or ambiguous to confirm that the student has grasped the unit structure.
	"I get 6 times 5 lollies from my friends. How many lollies do I have? – I have 30 lollies."

	2. Multiplicative structure with minor errors
	Use of non-matching numbers
	The situational structure is recognizably multiplicative, but one or both factors differ from 5 and 6.
	"Tim wants to buy ice cream for 6 children, one costs 4 euros. How much does Tim have to pay? – Tim has to pay 24 euros."

	
	Calculation or transcription error
	The situational structure and factors 5 and 6 are correct, but the stated result contains an arithmetic or copying error.
	"6 magazines at 5 euros each – he needs to have 35 euros."

	
	Question missing or ill-formed
	The situational context is recognizably multiplicative, but the question does not match the multiplicative structure or is absent.
	"Tim has 30 chocolate pieces and gives 5 to each of 6 people. How many are left over? – Tim has 5 left."

	
	Division structure
	The response constructs a division situation using the given numbers, reflecting awareness of the inverse relationship but posing a division rather than a multiplication word problem.
	"Kim wants to arrange 30 pictures in rows of 5. How many rows does he need? – He needs 6 rows."

	
	Self-inclusive grouping error
	The response constructs a multiplicative grouping situation with the correct unit size, but the narrator is included as an additional member of the group, increasing the number of groups by one. The resulting calculation corresponds to (n+1) × unit rather than n × unit, producing an incorrect result.
	"I have 5 friends. Each of us has 6 balls. How many balls do we have altogether?”

	
	Incomplete or unclear situation
	The multiplicative intent is recognizable, but the situation is too incomplete or contradictory for the grouping structure to be fully reconstructed.
	"Tommy has 5 guinea pigs. They all have babies. How many does he have now? – 5 · 6 = 30, he now has 30."

	3. Other error
	Incomplete or unsolvable situation
	The response contains a situational context, but it is incoherent, contradictory, or missing information to the extent that no mathematical structure can be reliably identified.
	"Lisa has a bakery and bakes 30 cakes today. How many cakes does Lisa bake? – 6 · 5 = 30, Lisa baked 30 cakes."

	
	Additive situation
	The response constructs an additive situation without any multiplicative structure. Only one of the numbers 5, 6, and/or 30 appear, but is used as addends or summands rather than as factors.
	"Malik has 20 friends, 10 more join. How many friends does Malik have now? Malik now has 30 friends."

	
	Reference to result only
	The number 30 appears as a goal or quantity in the situation, but without any relationship to the factors 5 and 6. The result is present, but the multiplicative structure that produces it is absent.
	"Tommy would like to collect 30 gummy bears and already has 10. How many more does Timmy need? – Timmy needs 10 more."

	
	Subtractive situation
	The response constructs a subtractive situation. Typically, 30 appears as a target quantity not yet reached, or as a starting quantity from which something is given away.
	"Kai wants to work 30 hours this week and has already worked 22. How many hours does he still need to work? – He still needs to work 8 hours."

	4. Surface translation error
	No meaningful situation with given numbers
	The numbers 5, 6, and/or 30 appear in the response, but are not embedded in a coherent situational context that would allow a mathematical structure to be identified.
	"Tom is 6 years old. His sister is 5. They have 30 toys. How many toys do they have? – 30."

	
	Additive situation
	The response constructs an additive situation using the numbers 5 and/or 6, but without a multiplicative grouping structure. The numbers appear as quantities to be added rather than as factors.
	"Lisa would like to collect cards, she already has 5 and wants 6 more. How many does she have now? – She has collected 30 cards altogether."

	
	Subtractive situation
	The response constructs a subtractive situation using the numbers 5, 6, and/or 30, typically with 30 as a target quantity and 5 or 6 as the amount already acquired.
	"Lisa would like to collect 30 stickers and already has 5. How many more does she need? – She needs 25 more."

	5. No evidence
	No response or too incomplete
	The response field is empty, contains only an isolated number, or consists of a fragment too brief to constitute a word problem.
	"25." / (empty) / "Anna wanted to buy 3 books, she h–"

	
	Task used as topic
	The student describes or enacts the task of solving a multiplication problem rather than constructing a word problem in a real-world context.
	"Karl has been given a multiplication problem. He has to multiply 6 and 5. – He has to calculate 6 times 5."

	
	Calculation used as topic
	The student presents a calculation procedure or mathematical explanation without embedding it in a situational context with actors and events.
	"You have to multiply 6 times 5 and then you get 30."
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