Appendix 3: Summary of Factors 
	Name
	Definition
	No. of studies

	Total number of studies
	
	156

	Level 1. Individual student
	
	118

	[bookmark: _GoBack]1.1 Individual/demographic characteristics
	
	83

	1.1.1 Gender
	Boys, girls
	68

	1.1.2 Ethnicity and immigrant status
	Immigration status: 1st generation, 2nd generation, native (students’ and parents’ places of birth, cultural distance between host and heritage countries); age at migration; race: African, White, Hispanic, Asian; Indigenous; Jewish and Arab students 
	47

	1.1.2.1 Language background and use
	Language spoken at home; whether speaking the test language/host country language; with whom they use the language (family, friends), age when they start to learn the instructional language 
	17

	Test language students took
	Students taking the test in Welsh vs in English
	1

	Acculturation orientations
	Perceived acculturation orientations were measured using the two PISA scaled indices (OECD 2014): heritage culture-orientation (e.g., “I like to have heritage culture friends”) and host culture-orientation (e.g., “I spend a lot of time with host culture friends”) 
	1

	1.1.3 Grade level
	Which grade students study (9th, 10th, etc.)
	12

	1.1.4 Age
	Older vs. younger (in months)
	11

	1.2 Psychological factors
	
	40

	1.2.1 Drive and motivation
	It includes the following four sub-factors. 
	19

	1.2.1.1 Intrinsic and instrumental motivation to learn math
	Constructed indices based on students’ responses about whether they enjoy mathematics and work hard in mathematics because they enjoy the subject, and whether they believe mathematics is important for their future studies and careers
	16

	Locus of control

	Constructed index based on students’ responses about whether they attribute failure in mathematics tests to themselves or others; and student responses about whether they strongly agree that success in mathematics and school depends on whether they put in enough effort
	4

	Openness to problem solving
	Constructed index based on students’ responses about their willingness to engage with problems
	2

	Perseverance
	Constructed index based on students’ responses about their willingness to work on problems that are difficult, even when they encounter problems
	4

	1.2.2 Math self-beliefs, dispositions, and participation in math-related activities
	It includes the following five sub-factors
	30

	1.2.2.1 Math self-efficacy
	Constructed index based on students’ responses about their perceived ability to solve a range of pure and applied mathematics problems
	19

	1.2.2.2 Math anxiety
	Constructed index based on students’ responses about feelings of stress and helplessness when dealing with mathematics
	15

	1.2.2.3 Math self-concept
	Constructed index based on students’ responses about their perceived competence in mathematics
	13

	1.2.2.4 Dispositions towards math (math intentions and subjective norms in math)
	Constructed indices based on students’ responses about whether they intend to use mathematics in their future and whether students’ parents and peers enjoy and value mathematics
	7

	Mathematics behaviors
	Constructed indices based on students’ responses about their participation in a range of mathematics-related activities
	4

	Other student characteristics or quality
	Combined intrinsic motivation to learn mathematics, instrumental motivation to learn mathematics, mathematics self-efﬁcacy, mathematics self-concept; Character, Confidence, Connection, Caring; individual student creativity; Sociable profile, Reserved profile, Withdrawn profile, Team-oriented profile, Solitary profiles
	4

	Students' own expectation
	students’ own aspirations for post-secondary education and/or occupations
	4

	1.3 Learning opportunities
	
	30

	1.3.1 ICT learning experience
	Students’ access to ICT outside of school; educational ICT use, leisure ICT use (ICT for social networks, ICT for gaming), ICT for programming, ICT use for information management and technical operation; interest in ICT, perceived ICT competence, perceived autonomy in using ICT; ICT use intensity, first age to use
	16

	1.3.2 Early years learning experience
	Whether enrolled in pre-school, years in pre-school, first-grade entry age
	8

	Homework
	The sum of hours spent studying out of school for all academic subjects; decision makers for time spent on homework (parent/child) 
	3

	Out-of-school learning time and tutoring
	spending time studying outside school; hours/week of math tutoring; amount of tutoring received
	3

	Participating in math competition
	Whether participating in math competition 
	1

	1.4 Behavior and engagement at school
	
	20

	1.4.1 Attitudes toward school
	Derived indices based on students’ reports about the importance of school for their future and about the importance of and pleasure they derive from working hard at school
	8

	1.4.2 Absenteeism and lack of punctuality
	Students’ reports on whether they had skipped classes or late for class 
	7

	Sense of belonging
	Derived index based on students’ reports about their feelings of social connectedness, happiness and satisfaction at school
	4

	1.5 Learning outcomes
	
	16

	1.5.1 Grade repetition
	Not repeat any grade; repeat one time or more 
	10

	Overall school marks
	Overall grades/results in high school 
	1

	Prior mathematics achievement
	Student’s familiarity with basic mathematics concepts learned in the earlier grades; prior math achievement in general
	2

	Problem-solving skills
	“Students’ general reasoning skills, their ability to regulate problem-solving processes, and their willingness to do so, by confronting students with problems that do not require expert knowledge to solve” (PISA 2012); decision making, system analysis and design, and troubleshooting (PISA 2003)
	2

	Reading competence
	Proficiency levels on the reading literacy scale
	4

	1.6 Students' approaches to learning
	Cognitive learning strategies: PISA indices of memorization and elaboration; metacognitive learning strategies: PISA indices of control strategies, metacognition, summarizing, and metacognition-remembering and understanding; learning styles: cooperative and competitive learning
	8

	Other student factors
	
	2

	Health condition
	Youth has limiting health condition (Yes/No), data from Statistic Canada’s Youth in Transition Survey
	1

	Students' epistemological beliefs
	PISA 2015 student questionnaire used six items to evaluate students’ epistemological beliefs (OECD, 2017a)
	1

	Level 2. Household context
	
	97

	2.1 Family SES
	The overall SES measurement: constructed for the PISA dataset using measures of household possessions, parental occupation, and parent’s education 
	93

	2.1.1 Home possessions
	Include home educational resources, household wealth, cultural possessions 
	36

	2.1.1.1 Home educational resources
	School-related books, technical reference books, dictionary at home; computer for schoolwork, educational software, Internet access; study desk, students’ own room, quiet place to study 
	24

	2.1.1.1.1 Available books at home
	School-related books, technical reference books, dictionary at home and number of books at home 
	9

	2.1.1.1.2 Home ICT availability
	ICT resources at home, such as educational software, internet access
	6

	2.1.1.2 Household wealth
	Annual household income; items available at home: an independent room, a link to the internet, a dishwasher, a DVD player and three other country-specific wealth items, cellular phones, televisions, computers, cars and rooms with a bath or shower 
	12

	2.1.1.3 Cultural possessions
	How many cultural goods a family owns: classic literature, books of poetry, works of art
	6

	2.1.2 Parental educational background
	Educational level of mother, educational level of father, parents’ average level of schooling, mother and father with the highest levels of education, parental education in years
	31

	2.1.3 Parental occupational status
	Mother’s occupational status, father’s occupational status, highest occupational status of parents, types of work (including math-related career), mother or father part-time or full time 
	22

	2.2 Family structure
	Two-parent families vs. single-parent families, absence of father, sibship, co-residence with grandparents
	14

	2.3 Parental expectation and behavior
	Parents’ educational, career, academic expectations, parents considering math important; parental support (including emotional support), knowing a child's teacher, visits to museums, parents’ pressure on schools’ academic standards, parents’ talking about school experiences and spend time doing fun activities, parents’ own reading engagement 
	10

	Parents' math attitude and support combined with students' attitude
	Math attitude combined of four items: parental attitude towards math, intensity of parental helping math, student instrument motivation, student math anxiety
	1

	Level 3. School community
	
	89

	3.1 Within-classroom factors
	
	49

	3.1.1 Classroom characteristics
	
	28

	3.1.1.1 Disciplinary climate
	Behavioral-classroom management. Students described the frequency with which interruptions occur in current mathematics lessons. This included how often (never, in some, in most, in all mathematics lessons) students: do not listen to what the teacher says; there is noise and disorder; the teacher has to wait a long time for students to quieten down; students cannot work well; and students do not start working for a long time after the lesson begins.
	13

	3.1.1.2 Class size
	Average class size in schools derived from principals’ responses to a question asking them about the average class size in their school using a 9-point scale (15 students or fewer to more than 50 students); average size of the student’s English classes; the most common mean of class size is between 22-29, but also 37 (Tan &Hew, 2019) or 44 (Özdemir, 2016).
	8

	3.1.1.3 Student-teacher ratio
	How many students per teacher or math teacher
	8

	3.1.1.4 Learning time during regular school hours
	Time spent on learning mathematics at school, total minutes of class study
	6

	3.1.2 Teacher characteristics
	
	18

	3.1.2.1 Teachers' affective qualities
	Teachers showing support, warmth, and care for student learning; student-teacher relationship
	10

	3.1.2.2 Teachers’ qualifications, training, expertise and age
	Teachers have a bachelor’s degree or higher, major in math, having qualifications higher than required; years of working experience, teachers’ category based on skills, age, professional development. 
	8

	Teachers' attitudes towards math and teaching
	Teachers’ open-mindedness towards new ways of teaching; the perceived interest of teachers; the extra help, useful feedback, and emotional support provided by teachers in the student learning process
	3

	3.1.3 Pedagogy and assessment
	
	17

	3.1.3.1 Cognitive-pedagogical approaches
	
	16

	3.1.3.1.1 Student-centered instruction
	Class activities that occur largely without explicit direction or overview of the teachers; students’ reports related to work assigned, complex projects, working in small groups, plan classroom activities; ICT for projects or class work; asked for students’ opinions, and asked to design their own experiment; principals’ responses re trying new methods and teaching practices 
	10

	3.1.3.1.2 Teacher-directed instruction
	Direction or overview from the teacher; sets clear goals; encourages thinking and reasoning; checks understanding; summarizes previous lessons; informs about learning goals; differentiates between students when giving tasks; refer problem from everyday life and link new knowledge to old; let students practice similar tasks; checks students’ exercise books or homework.
	5

	3.1.3.1.3 Cognitive activation
	How often a series of situations happened with the mathematics teacher that taught them their last mathematics class: the teacher asks questions that make students reflect on the problem; the teacher gives problems that require students to think for an extended time; the teacher asks students to decide, on their own, procedures for solving complex problems; the teacher presents problems in different contexts so that students know whether they have understood the concepts; the teacher helps students to learn
	8

	Assessments given to students
	Teachers’ formative assessment
	2

	Within class ability grouping
	Group students by ability within classes
	1

	3.1.4 Content coverage
	Three indices: (1) exposure to applied math concepts; (2) exposure to work problems; (3) exposure to formal math concepts, algebra (exponential functions, quadratic functions, linear equations), geometry (vectors, polygons, congruent ﬁgures, cosines); instructional time; school provides skills in science-related subjects and who have a greater number of mandatory courses in science
	11

	3.2 School characteristics
	
	68

	3.2.1 School composition
	
	36

	3.2.1.1 School SES composition
	School average of the PISA economic, social and cultural status index (ESCS)-parental education, highest parental occupation, and home possessions; school-level standard deviation of highest parental occupational status
	32

	3.2.1.2 School ethnic composition
	Percentage of non-native students; percentage of first, second, third-plus generation migrants 
	7

	3.2.1.3 Class and school gender composition
	Ratio of female, male students 
	7

	3.2.1.4 School repeating and dropout rate
	Proportion of students at school who repeat the same year/level; mean of students who repeat a grade; proportion of students in ﬁnal grade left school without a certiﬁcate
	5

	Other school composition
	
	3

	School family structure composition
	Percentage of children aged 0–17 living with a single parent from the OECD family database; computed % of students’ reporting on who they usually live with 
	2

	Students' grade
	Proportion of students at the school who sat the test who were in Years/grades 10 or 11
	1

	3.2.2 School types
	
	24

	3.2.2.1 Public and private
	Schools are public schools or private schools
	18

	3.2.2.2 Other types of schools
	General academic type school vs. vocational schools; single-sex or co-ed schools
	8

	3.2.3 School location
	Urban, suburban, rural; city vs. nonmetropolitan areas; village, small town, town, city and large city; states/regions
	19

	3.2.4 School resources and staffing
	Educational resources, ICT infrastructure, physical infrastructure, teacher and general staff shortage 
	17

	3.2.4.1 Educational resources
	Quantity of education materials; quality of education materials; science laboratory equipment, instructional materials, computers, internet connectivity, computer software for instruction, library materials, audio-visual resources; total number of material resources for each school; school principals’ perceptions of educational resource quality hindering students’ learning
	9

	3.2.4.2 ICT infrastructure
	School ICT availability - computer, internet, portable, interactive whiteboards, projectors; technical resources in general; school mean student ICT availability; ratio of computers to school size
	7

	3.2.4.3 Shortage of teachers and general staff
	School teachers, qualified mathematics teachers, staff in general
	7

	Percentage of certified teachers
	Percentage of certified teachers working in schools
	3

	Physical infrastructure
	The index of the quality of schools’ physical infrastructures, including buildings, heating/cooling systems and classrooms 
	1

	3.2.5 School size
	Total number of students enrolled; school community size 
	12

	3.2.6 Average school ICT attitude and student ICT use at school
	Frequency of ICT use at school / for different purposes (e.g., posting work, practicing, chatting); computer use on the various tasks in math; School mean student ICT use at school/student interest in ICT / perceived ICT competence/ student perceived autonomy in using ICT / student enjoyment of social interaction around ICT; amount of work expected students to access the Internet; school has a policy on how to use computers in mathematics instruction; program to educate students in responsible behavior
	8

	3.2.7 School prevalence of student misbehavior
	School level of truancy, prevalence of school bullying experienced, frequency of student disruptions, and the percentage of students being late, principals reported students’ general behavior - “students’ absenteeism; disruption of classes by students; students skip classes; students lack respect for teachers; students’ use of alcohol or illegal drugs; students intimidate or bully other students” 
	6

	Other school factors
	
	19

	Admission practices
	Schools practicing merit-based admission
	1

	Extracurricular activities at school
	Hours in outside-of-class activities; number of creative extracurricular activities provided by the school (e.g., group musical activities; a school play or musical has been organized); exchange program with schools 
	4

	Local school government parents' %
	Percentage of parents who participate in local school government 
	1

	Perceived school competition
	The competing schooling available to students in students’ location
	1

	School average attitude toward learning outcomes
	School average on students’ reports about the importance of school for their future 
	1

	School average instrumental motivation
	School average on students’ responses about whether they believe mathematics is important for their future careers
	1

	School average math creativity
	School average on math creativity (items from PISA 2012, e.g., imaginative, inquisitive, collaborative, disciplined)
	1

	School average math performance
	Computed average math performance level of each school according to one of PISA’s seven proficiency levels (OECD, 2014), ranging from 0 to 6
	1

	School average mathematics behavior
	School average on students’ responses about their participation in a range of mathematics related activities
	1

	School average mathematics interest
	School average on students’ responses about whether they enjoy mathematics and work hard in mathematics because they enjoy the subject
	1

	School average mathematics self-concept
	School average on students’ responses about their perceived competence in mathematics
	1

	School average mathematics self-efficacy
	Students’ responses about their perceived ability to solve a range of pure and applied mathematics problems
	1

	School average openness to problem-solving
	School average on students’ responses about their willingness to engage with problems
	1

	School average reading score
	Averaging the reading proﬁciency of all students that participated in PISA in a speciﬁc school 
	1

	School average sense of belonging
	School average on students’ reports about their feeling of social connectedness, happiness, and satisfaction at school
	1

	School leadership
	Frequency of leadership activities: (1) communication of school goals and curricular development (2) instructional leadership (3) promotion of instructional improvements and professional development (4) teacher participation in leadership; teachers work according to the school’s educational goals; draw teachers’ attention to the importance of pupils’ development of critical and social capacities; improving teaching or the creation of classroom environment, praising successful teachers
	4

	School overall teacher morale
	Principals’ responses on high teacher morale, work enthusiasm, teacher pride in the school, and teacher emphasis on academic achievement (PISA 2012); level of satisfaction of teachers with their profession (TALIS)
	2

	School safety and neighborhood
	School safety and community disorganization, or problems in the neighborhood surrounding the school in Mexico 
	1

	School study support
	Counselors employed by the school for the career guidance of students; lectures or seminars offered, and the school has rooms where the students can do their homework 
	1

	School teachers' overall behavior
	School principals report the extent to which they perceive learning in their schools to be hindered by factors such as: teachers’ low expectations of students; poor student-teacher relations, teachers’ absenteeism 
	1

	Within school evaluation and its use
	It includes the following four 3rd level factors. 
	3

	Consultation with experts re school improvement
	Regular consultation with experts over a period of at least six months (aimed at school improvement) 
	1

	Informing parents of their children’s performance
	Whether students’ achievement data provided directly to parents; provide information to parents of students on their child’s academic performance relative to other students; provide information to parents of students on their child’s academic performance relative to national or regional benchmarks; provide information to parents on the academic performance of students as a group relative to students in the same grade in other schools 
	2

	Providing information for instructional purposes
	Students’ assessments used to make decisions about students’ retention or promotion; used to group students for instructional purposes; used to identify aspects of instruction or the curriculum that could be improved
	1

	School leader and teacher appraisal and evaluation
	Percentage of students in schools in which the principal reported that achievement data were being used to evaluate teachers’ performance; students’ assessments used to make judgments about teachers’ effectiveness; used in evaluation of the principal’s performance; used in evaluation of teachers’ performance
	2

	Within school students' grouping and its policy
	Whether the students are grouped by ability into different classes 
	3

	Level 4. Education systems
	
	35

	4.1 Expenditure on education
	Expenditure on education or per student, financial resources to schools, salaries for new and experienced teachers, country inequality of education materials 
	11

	4.1.1 Financial resources for education
	Educational expenditure as a percent of GDP, percentage of government spending on education, government funding in schools, regional expenditure per student 
	9

	Country inequality of education materials
	Country standard deviation of educational resources across schools, which consists of science laboratory equipment, instructional materials, computers for instruction, internet connectivity, computer software for instruction, library materials, audio-visual resources
	1

	Standards of teachers’ salaries
	Teacher’s salaries in general, average salary for new teachers, average salary for teachers with 15 years of experience, ratio of salary for teachers with 15 years of experience to GDP per capita
	2

	4.2 Decentralization
	Autonomy to hire teachers, school autonomy over curricula, autonomy for resource allocation; teacher, principal, school board, government responsibility. 
	10

	4.3 Tracking
	Specific track in which the student is enrolled - academic schools, technical schools, and vocational schools (including vocational training courses); first age at selection in the education system: early tracking vs. late tracking countries; intensity of tracking: limited tracking vs. tracking in all subjects 
	8

	Other system factors
	
	18

	Accountabilities to authority and public
	Achievement data shared with the public; holding schools accountable to authority and the public: assessments of students used to compare the school to district or national performance or with other schools, assessments of students used to monitor the school’s progress from year to year, achievement data posted publicly (e.g., in the media), achievement data used in decisions about instructional resource allocation to the school, achievement data tracked over time by an administrative authority
	3

	Country average math creativity
	National average of the survey-based measure of math creativity 
	1

	Country ICT
	The ICT Development Index (IDI) in 2011 is used to indicate the national ICT level
	2

	Country ICT access and use
	ICT Development Index (IDI) 2015
	1

	Country ICT skills
	ICT Development Index (IDI) 2015
	1

	Country inequality of teacher quality
	SD of school proportion of teachers with university degrees
	1

	Country math anxiety
	Mathematically calculated using individual student’s math anxiety 
	1

	External examinations for students
	Central exit exam, existence of standards-based external examinations
	2

	PISA sample selection related to gender
	Female-to-male ratio among the PISA test takers 
	2

	Schooling length and entry age
	Proportion of 4-year-old children attending preschool, compulsory schooling start at age 7, years of compulsory schooling, average number of years of formal education of the working-age population according to the General Organic Law of the Educational System of 1990 (LOGSE), extra year of schooling
	4

	Share of students in private schools
	% of students enrolled in private schools 
	2

	Share of students repeating a grade in a country
	The country-level variable is measured as the share of students who have repeated a grade at least once at either the primary or secondary level, the natural logarithm of this variable is used
	1

	Socioeconomic segregation
	The degree of clustering of richer students in a few schools away from poorer students and measured as the ratio of the variance of family SES across schools divided by the total variance of family SES in the country
	2

	Level 5. Macro society
	
	35

	5.1 Socioeconomic country factor
	Overall idea of country SES; also includes social development and economic development 
	30

	5.1.1 Social development
	Social Development Index (SDI). It also includes human development and education development
	20

	5.1.1.1 Human development
	Human Development Index (HDI). It includes different measures in gender equality, family income equality, national family structure, health, political rights, and civil liberties. 
	19

	5.1.1.1.1 Gender equality
	Gender Gap Index (GGI), gender egalitarian values, secondary school enrolment rates in students’ ancestral country, tertiary education and labor market, gender wage gap, representation of women in research, political empowerment
	11

	Other than gender equality
	
	6

	Family income inequality
	GDP Gini: World Bank 2010, data sources depending on country status as developing (World Development Indicators, World Bank), OECD (OECD. Stat Extracts, Organization for Economic Cooperation and Development), or other (World Factbook, Central Intelligence Agency of the United States of America).
	2

	Health
	Health subindex combines four diﬀerent indicators: births to unmarried teenage mothers, low weight problems in children, quality of potable water, infant mortality
	2

	Infant mortality
	Infant mortality rate
	1

	National family structure
	Country’s percentage of single parents
	1

	Political rights and civil liberties
	Electoral participation - % of voters who did not vote in the national and municipal elections, level of freedom in original Freedom House data set (2020)
	2

	Education development
	The index is built on the possibilities of the population to access and enjoy a set of basic rights, including education - adequate access to educational and training services that contribute to the development of human capital. It includes overall indicator of educational infrastructure, special education programs, % of one-teacher education centers and school failure 
	1

	5.1.2 Economic development
	GDP level, (log of) GDP per capita, GDP per adult, regional poverty rate, OECD membership
	16

	5.2 National culture
	Confucian tradition, long-term orientation, individualism versus collectivism, masculinity, power distance, uncertainty avoidance, indulgence versus restraint, religious traditions, culture of effort, national tolerance for inequality 
	7

	5.3 Immigration and related policies
	Immigrant concentration, inclusive and selective immigration policies, country’s recent history of immigration. 
	6



Note: No. of studies at higher levels is the aggregated number from lower level(s). 


