Supplementary File 3. Binary-coded Analysis-file Structure

Coding rule

All modeled variables were coded after composite-score calculation. Scores ≤3 on the 1–5 response scale were coded as 0, and scores >3 were coded as 1. For the target variable, self-reported higher-order thinking, 0 indicates Low-HOT and 1 indicates High-HOT. For input variables, 0 indicates a low or neutral-or-lower level, and 1 indicates a high or agreement-level response.

The binary coding rule was applied to the continuous-score working file after all composite scores had been calculated. Item-level binary recoding was not performed. The continuous-score file was preserved separately so that alternative thresholds or continuous-input models could be examined in future sensitivity analyses.

Variable coding structure and class distribution
	Source variable
	Binary variable
	Role in model
	Coding rule
	Value label 0
	Count 0
	Percentage 0
	Value label 1
	Count 1
	Percentage 1

	Self-reported higher-order thinking mean score
	HOT binary
	Target
	≤3 = 0; >3 = 1
	Low-HOT
	118
	15.21%
	High-HOT
	658
	84.79%

	Generative artificial intelligence anxiety mean score
	GenAI anxiety binary
	Input
	≤3 = 0; >3 = 1
	Low
	252
	32.47%
	High
	524
	67.53%

	Trust in generative artificial intelligence mean score
	Trust in GenAI binary
	Input
	≤3 = 0; >3 = 1
	Low
	217
	27.96%
	High
	559
	72.04%

	Problematic smartphone use mean score
	Problematic smartphone use binary
	Input
	≤3 = 0; >3 = 1
	Low
	591
	76.16%
	High
	185
	23.84%

	Academic procrastination mean score
	Academic procrastination binary
	Input
	≤3 = 0; >3 = 1
	Low
	629
	81.06%
	High
	147
	18.94%

	Academic performance score
	Academic performance binary
	Input
	≤3 = 0; >3 = 1
	Low / average-or-lower
	478
	61.60%
	High / above average
	298
	38.40%

	Parental upbringing score
	Parental upbringing binary
	Input
	≤3 = 0; >3 = 1
	Low / neutral-or-lower
	483
	62.24%
	High / supportive
	293
	37.76%

	Negative emotions mean score
	Negative emotions binary
	Input
	≤3 = 0; >3 = 1
	Low
	694
	89.43%
	High
	82
	10.57%

	Attitudes toward generative artificial intelligence mean score
	Attitudes toward GenAI binary
	Input
	≤3 = 0; >3 = 1
	Low / neutral-or-lower
	341
	43.94%
	High / positive
	435
	56.06%



Model field-role assignment
	Binary variable
	Field role in IBM SPSS Modeler 18.4
	Measurement type

	HOT binary
	Target
	Flag / categorical

	GenAI anxiety binary
	Input
	Flag / categorical

	Trust in GenAI binary
	Input
	Flag / categorical

	Problematic smartphone use binary
	Input
	Flag / categorical

	Academic procrastination binary
	Input
	Flag / categorical

	Academic performance binary
	Input
	Flag / categorical

	Parental upbringing binary
	Input
	Flag / categorical

	Negative emotions binary
	Input
	Flag / categorical

	Attitudes toward GenAI binary
	Input
	Flag / categorical



Partition record
	Dataset
	Total cases
	Low-HOT cases
	High-HOT cases
	Majority class
	No-information rate

	Full dataset
	776
	118
	658
	High-HOT
	84.79%

	Training subset
	544
	85
	459
	High-HOT
	84.38%

	Testing subset
	232
	33
	199
	High-HOT
	85.78%



Binary coding verification checklist
	Verification item
	Verification result

	Composite scores calculated before binary coding
	Confirmed

	Item-level binary coding avoided
	Confirmed

	Self-reported higher-order thinking assigned as target variable
	Confirmed

	All other retained binary variables assigned as input variables
	Confirmed

	Cutoff applied consistently across modeled variables
	Confirmed

	Scores ≤3 coded as 0
	Confirmed

	Scores >3 coded as 1
	Confirmed

	Class counts checked after coding
	Confirmed

	Continuous-score file preserved separately
	Confirmed

	Binary-coded analysis file used for C5.0 classification
	Confirmed



