Supplementary Table S7 Conceptualization of factors used in LA models in relation to academic performance
	Meta-category
	SRs
	Indicator metric
	Metric type
	Operational definitions as reported in SRs
	Outcome family targeted
	Primary studies using the indicators

	Demographics and socioeconomics 
(16/19 SRs) †
	Abu Saa et al. (2019)
	NR*
	NR
	‘Students’ demographics’ as ‘gender, age, nationality, ethnicity, etc.’
	AP
	13/34 (38.2%)

	
	Alhakbani & Alnassar (2022)
	NR
	NR
	‘Demographic’ data reported without operational definition.
	AP and PR
	NR

	
	Arizmendi et al. (2023)
	NR
	NR
	‘Demographic information’ such as ‘gender, race, and ethnicity’.
	AP
	NR

	
	Blumenstein (2020)
	NR
	NR
	‘Demographic’ data reported without operational definition.
	AP and PR
	NR

	
	Cardona et al. (2023)
	NR
	NR
	‘Socioeconomic factors, such as scholarships and student loans’.
	PR
	4/13 (30.8%)

	
	Cardona et al. (2023)
	NR
	NR
	‘Housing status’ reported without operational definition.
	PR
	2/13 (15.4%)

	
	Cardona et al. (2023)
	NR
	NR
	‘Marital status’ reported without operational definition.
	PR
	2/13 (15.4%)

	
	Cardona et al. (2023)
	NR
	NR
	‘Work’ reported without operational definition.
	PR
	2/13 (15.4%)

	
	Cardona et al. (2023)
	Age
	Scale
	‘Age’ reported without metric unit (e.g., years, exact date of birth).
	PR
	1/13 (7.7%)

	
	Cardona et al. (2023)
	Gender
	Nominal
	‘Gender’ reported without defining categories (e.g., male/female).
	PR
	1/13 (7.7%)

	
	Cardona et al. (2023)
	City
	Nominal
	‘Home city’ reported without operational definition.
	PR
	1/13 (7.7%)

	
	Cardona et al. (2023)
	NR
	NR
	‘Living with parents’ reported without operational definition.
	PR
	1/13 (7.7%)

	
	Cardona et al. (2023)
	NR
	NR
	‘Mother’s level of education’ reported without operational definition.
	PR
	1/13 (7.7%)

	
	Contreras Bravo et al. (2022)
	NR
	NR
	‘Sociodemographic factor’: ‘age’, ‘gender’, ‘ethnicity’, ‘income’, etc.
	AP
	39/54 (72.2%)

	
	Dhankhar et al. (2021)
	NR
	NR
	‘Demographics’, ‘gender’, ‘age’, and ‘socio-economic status’.
	AP
	NR

	
	Fahd et al. (2022)
	NR
	NR
	‘Demographic and socio-economic background’ without operational definition.
	AP and PR
	NR

	
	Ifenthaler & Yau (2020)
	NR
	NR
	‘Demographics (e.g., age, gender)’ and ‘socio-economic status’.
	AP and PR
	NR

	
	Jin et al. (2024)
	NR
	NR
	‘Demographic’ reported without operational definition.
	AP and PR
	NR

	
	Mella-Norambuena et al. (2022)
	NR
	NR
	‘Sociodemographic variables’ without a synthesis of results.
	AP
	NR

	
	Pelima et al. (2024)
	NR
	NR
	‘Demographic’ factors reported without operational definition.
	AP and PR
	22/87 (25.3%)

	
	Rahul & Katarya (2023)
	NR
	NR
	‘Demographic features’/’social information’ without operational definition.
	AP and PR
	NR

	
	Sghir et al. (2023)
	NR
	NR
	‘Demographic’ defined as ‘personal’ and ‘socio-economic’.
	A, PR and EB
	NR

	
	Tjandra et al. (2022)
	NR
	NR
	‘Student demographic’ reported without operational definition.
	AP and PR
	11/80 (13.8%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Financial condition’ reported without operational definition.
	AP and PR
	5/80 (6.3%)

	
	Tjandra et al. (2022)
	Nationality
	Nominal
	‘Ethnicity (nationality)’ reported without operational definition.
	AP and PR
	3/80 (3.8%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Parent educational level’ reported without operational definition.
	AP and PR
	3/80 (3.8%)

	
	Tjandra et al. (2022)
	Gender
	Nominal
	‘Gender’ reported without defining categories (e.g., male/female).
	AP and PR
	2/80 (2.5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Religion’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Scholarship’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	
	Zulkifli et al. (2019)
	NR
	NR
	‘Demographics’: ‘gender, age, race, language of conversation, origin’, etc.
	AP
	24/69 (34.8%)

	Academic background and prior performance 
(15/19 SRs) †
	Abu Saa et al. (2019)
	Grades*; NR*
	Scale; NR
	‘Students’ previous grades’ and ‘other performance indicators’.
	AP
	15/34 (44.1%)

	
	Alhakbani & Alnassar (2022)
	NR
	NR
	Prior ‘performance’ reported without operational definition.
	AP and PR
	NR

	
	Arizmendi et al. (2023)
	Grades; Pass/fail
	Scale; Nominal
	‘Assessment scores’ and ‘grades’ without further detail.
	AP
	NR

	
	Blumenstein (2020)
	Course outcome
	Nominal
	‘Course outcome’: ‘pass/fail, completion, re-enrollment’.
	AP and PR
	NR

	
	Blumenstein (2020)
	Grades; GPA
	Scale
	‘Learning performance’: ‘grades, exam marks, scores, final mark, GPA’.
	AP and PR
	NR

	
	Cardona et al. (2023)
	GPA*
	Scale
	‘GPAs’: ‘full’, ‘overall’, ‘first semester’, ‘high school’, ‘college’.
	PR
	10/13 (76.9%)

	
	Contreras Bravo et al. (2022)
	NR
	NR
	‘Academic factor’: ‘admission score’, ‘course scores’, CGPA/GPA, etc.
	AP
	41/54 (75.9%)

	
	Dhankhar et al. (2021)
	NR
	NR
	‘Midterms/assignment grades/quiz marks’ and ‘final marks’.
	AP
	NR

	
	Dhankhar et al. (2021)
	NR
	NR
	Pre/post ‘course performance’ reported without operational definition.
	AP
	NR

	
	Fahd et al. (2022)
	NR
	NR
	‘Pre-university’/’university academic records’ without operational definition.
	AP and PR
	NR

	
	Ifenthaler & Yau (2020)
	Grades; Others
	Scale; Others
	‘GPA’, ‘academic performance history’, ‘prior academic experience’.
	AP and PR
	NR

	
	Jin et al. (2024)
	NR
	NR
	‘Performance’ reported without operational definition.
	AP, PR and EB
	NR

	
	Pelima et al. (2024)
	NR
	NR
	‘Academic’ and ‘pre-university’ factors without operational definition.
	AP and PR
	57/87 (65.5%)

	
	Rahul & Katarya (2023)
	GPA/CGPA
	Scale
	GPA/CGPA.
	AP and PR
	NR

	
	Sghir et al. (2023)
	Grades
	NR
	‘Academic’: ‘grades’ at ‘course’, ‘exam’, ‘year’, and ‘degree level’.
	AP, PR and EB
	NR

	
	Sghir et al. (2023)
	NR
	NR
	‘Prior academic’: ‘application submission’, ‘admission’, ‘enrollment’.
	AP, PR and EB
	NR

	
	Tjandra et al. (2022)
	NR
	NR
	‘Internal assessment’ reported without operational definition.
	AP and PR
	10/80 (12.5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Admission’ reported without operational definition.
	AP and PR
	7/80 (8.8%)

	
	Tjandra et al. (2022)
	CGPA
	Scale
	‘CGPA’.
	AP and PR
	5/80 (6.3%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘High school background’ reported without operational definition.
	AP and PR
	4/80 (5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘English proficiency’ reported without operational definition.
	AP and PR
	2/80 (2.5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘External assessment’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	
	Zulkifli et al. (2019)
	NR
	NR
	‘Academic process’: ‘attendance, student learning time, learning activities’, etc.
	AP
	27/69 (39.1%)

	Digital interaction and log data 
(10/19 SRs) ‡
	Abu Saa et al. (2019)
	Activity logs*
	Scale
	‘Student's e-Learning activity’ as activity logs from e-learning systems.
	AP
	14/34 (41.2%)

	
	Arizmendi et al. (2023)
	Behavioral trace data
	Scale
	‘Logs’: views, downloads, assignment submissions, forum posts.
	AP
	NR

	
	Blumenstein (2020)
	Logs
	Scale
	Logs: ‘login frequency and time’, ‘number of submissions’, etc.
	AP and PR
	NR

	
	Chan et al. (2019)
	Connection*; Time*
	Scale
	‘Number of connections and length of time spent on the e-learning activity’.
	AP
	10/19 (52.6%)

	
	Chan et al. (2019)
	Connection*
	Scale
	‘Number of connections’: ‘log-in or click or hit or visit or access, etc.’
	AP 
	7/19 (36.8%)

	
	Chan et al. (2019)
	Connection*
	Scale
	‘Connections to the platform or folder and not the specific learning items’.
	AP 
	3/19 (15.8%)

	
	Chan et al. (2019)
	Time*
	Scale
	‘Length of time students spent on certain e-learning activities’.
	AP
	2/19 (10.5%)

	
	Contreras Bravo et al. (2022)
	NR
	NR
	‘E-learning factor’: ‘content read’, ‘forum views’, ‘internet usage’, etc.
	AP
	19/54 (35.2%)

	
	Dhankhar et al. (2021)
	NR
	NR
	‘Log data’, ‘clickstream data’, and ‘Internet usage’; without definition.
	AP
	NR

	
	Fahd et al. (2022)
	NR
	NR
	‘LMS interaction features’ reported without operational definition.
	AP and PR
	NR

	
	Ifenthaler & Yau (2020)
	NR
	NR
	‘Logfiles and trace-data’ such as ‘forum interactions’.
	AP and PR
	NR

	
	Jin et al. (2024)
	NR
	NR
	‘Interaction’ reported without operational definition.
	AP and EB
	NR

	
	Mella-Norambuena et al. (2022)
	NR
	NR
	‘LMS-extracted data’ without a synthesis of results.
	AP
	NR

	Behavioral engagement (incl. non-digital) 
(10/19 SRs) ‡
	Abu Saa et al. (2019)
	NR*
	NR
	‘Students social information’ of social life: ‘friends’, ‘smokes’, ‘etc.’
	AP 
	7/34 (20.6%)

	
	Alhakbani & Alnassar (2022)
	NR
	NR
	‘Engagement’ reported without operational definition.
	AP and PR
	NR

	
	Arizmendi et al. (2023)
	NR
	NR
	‘Learning behaviors’ reported without operational definition.
	AP 
	NR

	
	Blumenstein (2020)
	NR
	NR
	‘Participation’ and ‘online presence’ without operational definition.
	AP and PR
	NR

	
	Cardona et al. (2023)
	Attendance
	Scale
	‘Attendance’ reported without operational definition.
	PR
	2/13 (15.4%)

	
	Dhankhar et al. (2021)
	NR
	NR
	‘Attendance’ and ‘behavior features’ without operational definition.
	AP 
	NR

	
	Jin et al. (2024)
	NR
	NR
	‘Engagement’ and ‘behavior’ reported without operational definition.
	AP, PR and EB
	NR

	
	Pelima et al. (2024)
	NR
	NR
	‘Behavioral’ factors reported without operational definition.
	AP and PR
	40/87 (46%)

	
	Sghir et al. (2023)
	Attendance
	Scale
	‘Behavioral (in-class)’ defined as ‘attendance’.
	AP, PR and EB
	NR

	
	Sghir et al. (2023)
	Attendance
	Scale
	‘Behavioral (online)’ classified as ‘temporal’, ‘social’, and ‘frequency related’.
	AP, PR and EB
	NR

	
	Tjandra et al. (2022)
	NR
	NR
	‘Social behavior’ reported without operational definition.
	AP and PR
	5/80 (6.3%)

	
	Tjandra et al. (2022)
	Attendance
	Scale
	‘Attendance & delivery mode’ reported without operational definition.
	AP and PR
	4/80 (5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Extra-curricular activities’ reported without operational definition.
	AP and PR
	2/80 (2.5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Student habit’ reported without operational definition.
	AP and PR
	2/80 (2.5%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Job time’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	Psychological and personal traits 
(12/19 SRs) †
	Arizmendi et al. (2023)
	NR
	NR
	‘Self-report data (e.g., about motivation)’ without operational definition.
	AP
	NR

	
	Blumenstein (2020)
	NR
	Ordinal
	‘Learning dispositions’ reported without operational definition.
	AP and PR
	NR

	
	Cardona et al. (2023)
	NR
	NR
	‘Level of motivation’ reported without operational definition.
	PR
	1/13 (7.7%)

	
	Cardona et al. (2023)
	NR
	NR
	Regarding drugs: ‘regular consumption of alcohol’ and ‘smoking habits’.
	PR
	1/13 (7.7%)

	
	Contreras Bravo et al. (2022)
	NR
	NR
	‘Psychosocial factors’: ‘motivation’, consumption of alcohol/tobacco, etc.
	AP
	30/54 (55.6%)

	
	Dhankhar et al. (2021)
	NR
	NR
	‘Comprehensive features’ reported without operational definition.
	AP
	NR

	
	Fahd et al. (2022)
	NR
	NR
	‘Psychological attributes (motivation, interest, stress, or anxiety)’.
	AP and PR
	NR

	
	Ifenthaler & Yau (2020)
	NR
	NR
	‘Motivation’, ‘self-concept’, ‘academic and technological preparedness’.
	AP and PR
	NR

	
	Jin et al. (2024)
	NR
	NR
	‘Emotion’ reported without operational definition.
	AP
	NR

	
	Mella-Norambuena et al. (2022)
	NR
	NR
	‘Sociocognitive variables’ without a synthesis of results.
	AP
	NR

	
	Sghir et al. (2023)
	NR
	NR
	‘Psychological’, specifically ‘motivation’ without operational definition.
	AP, PR and EB
	NR

	
	Tjandra et al. (2022)
	NR
	NR
	‘Psychological factors’ reported without operational definition.
	AP and PR
	5/80 (6.3%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Soft skills’ reported without operational definition.
	AP and PR
	2/80 (2.5%)

	
	Zulkifli et al. (2019)
	NR
	NR
	‘Students’ personality’: ‘learning methods, motivation, learning attitudes’, etc.
	AP
	15/69 (21.7%)

	Institutional, course, and contextual variables 
(5/19 SRs) ‡
	Abu Saa et al. (2019)
	NR*
	NR
	‘Course attributes’ such as ‘length of the course, difficulty, etc.’
	AP
	2/34 (5.9%)

	
	Abu Saa et al. (2019)
	NR*
	NR
	‘Instructor attributes’ without operational definition.
	AP
	2/34 (5.9%)

	
	Abu Saa et al. (2019)
	NR*
	NR
	‘Students’ environment’: ‘type of school’, ‘type of classroom’, ‘etc.’ 
	AP
	1/34 (2.9%)

	
	Cardona et al. (2023)
	NR
	NR
	‘Course related studies’: ‘course ID’, ‘Instructor role’, ‘students enrolled’.
	PR
	2/13 (15.4%)

	
	Cardona et al. (2023)
	Status
	Nominal
	‘Status – full or part time’ reported without operational definition.
	PR
	1/13 (7.7%)

	
	Contreras Bravo et al. (2022)
	NR
	NR
	‘Academic management’: ‘course name’, ‘credits taken’, ‘failures’, etc.
	AP
	38/54 (70.4%)

	
	Contreras Bravo et al. (2022)
	NR
	NR
	‘Academic environment’: ‘course size’, ‘extracurricular activities’, etc.
	AP
	17/54 (31.5%)

	
	Sghir et al. (2023)
	NR
	NR
	‘Institution related’ classified into ‘infrastructural’ and ‘course level’.
	AP, PR and EB
	NR

	
	Sghir et al. (2023)
	NR
	NR
	‘Teacher related’: ‘grading policy’, ‘engagement’, ‘feedback’; no definition.
	AP, PR and EB
	NR

	
	Tjandra et al. (2022)
	NR
	NR
	‘Educational environment’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Institute rank’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	
	Tjandra et al. (2022)
	Students
	Scale
	‘Number of students’ without specifying the context (e.g., course, institution).
	AP and PR
	1/80 (1.3%)

	
	Tjandra et al. (2022)
	NR
	NR
	‘Student status’ reported without operational definition.
	AP and PR
	1/80 (1.3%)

	Note 1. SRs = Systematic Reviews; NR = Not reported; GPA = Grade Point Average; CGPA = Cumulative Grade Point Average; LMS = Learning Management System. 
Note 2. Proportions reported in the column ‘Primary studies using the indicators’ reproduce the information as presented in the original SRs. SRs that provide summaries of predictive models but not primary studies are not considered primary study counts. 
Note 3. The column ‘Outcome family targeted’ refers to the outcome domains explicitly examined or predicted by the SRs: AP = Academic performance or learning outcomes; PR = Progression and retention; and EB = Engagement and learning behavior.
* Variable explicitly reported in the source SR as statistically significant, influential, high-impact, or predictive, according to the terminology used by the review authors. Variables without an asterisk were included in predictive analyses or examined in relation to academic performance without explicit reporting of predictive significance.
† Static/background variables referring to relatively stable student characteristics or prior conditions.
‡ Process-oriented variables referring to learning behaviors, engagement, interactions, or contextual/instructional processes occurring during learning.



