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Secondary data analysis – SDA

Multilevel Modeling - HLM 



The PISA dataset
The student variables
The school variables
Items & indices
Plausible values, design weights & replicate weights

The PISA performance measures – Mathematics & Science

SDA in CRYSTAL



The basic achievement measures



Student Background

Age
Study programme
Family Structure
Highest Occupational Status of Parents
Educational Level of Parents
Immigration Background
Language Use at Home

Learning and Instruction

Relative Grade
Expected Educational Level
Expected Occupational Status
Relative Time spent on Mathematics Homework
Minutes of Mathematics Instruction
Minutes of Overall School Instruction
Relative Instructional Time on Mathematics

Measures on potential correlates of learning – the COLO’s



Student-Level Scale Indices
Student Background
Computer Facilities at Home
Home Educational Resources
Cultural Possessions

School Climate
Attitudes Toward School
Student-teacher Relations
Sense of Belonging

Classroom Climate
Teacher Support
Disciplinary Climate



Self-Related Cognitions In Mathematics

Interest and Enjoyment in Mathematics
Instrumental Motivation in Mathematics
Mathematics Self-Efficacy
Mathematics Anxiety
Mathematics Self-Concept

Learning Strategies and Preferences in Mathematics

Learning Strategies: Memorisation/Rehearsal
Learning Strategies: Elaboration
Learning Strategies: Control Strategies
Preference for Competitive Learning Situations
Preference for Cooperative Learning Situations



School Characteristics

School Size
Proportion of Girls Enrolled at School
School Type

Indicators of School Resources

Availability of Computers
Quantity of Teaching Staff at School
Quantity of Teaching Staff for Mathematics at School

Admittance Policies and Instructional Context

School Selectivity
Use of Assessments
Ability Grouping
Mathematics Activity Index



School Resources

Quality of the School’s Physical Infrastructure
Quality of the School’s Educational Resources
Teacher Shortage

School Climate

Teacher Morale and Commitment
Student Morale and Commitment
Teacher-related Factors affecting School Climate
Student-related Factors affecting School Climate
Teacher Consensus on Mathematics Teaching

School Management

School Autonomy
Teacher Participation



PISA performance measures

Space & Shape

Change & Relationships

Quantity

Uncertainty

A total of 85 mathematics items





The prompt  

Space & shape



Space & shape



Space & shape



Change & relationship

The prompt  



Change & relationship



Change & relationship



Uncertainty



Uncertainty



Modeling Approach

Multilevel modeling 

or

Hierarchical linear modeling (HLM)



HLM

Math 
achievement

Average Math + Student 
gender

+ Academic focus + . . .

Intercept Slopes

Yij = β0j + β1j(Gender) + β2j(Focus) + rij

Level 1 model



HLM

Math 
achievement

Average Math + Student          
Gender

+ Academic Focus

Average Math + School trait 1 + School trait 2

+ . . .

Mean math  

β0j =   γ00 +  γ01 (Trait 1)j +  γ02 (Trait 2)j +  U0j

Level 2 models

β1j =   γ10 +  γ11 (Trait 1)j +  γ12 (Trait 2)j +  U1j

β2j =   γ20 +  γ21 (Trait x)j +  γ22 (Trait y)j +  U2j



An example using Canadian data from SAIP

Our research questions

• How do students’ attitudes, and beliefs influence their science 
achievement?

• How is achievement further influenced by school environments, 
specifically teacher attitudes towards science, and classroom 
attitudes, and beliefs?



Science (16 year olds) ij = β0j + β1j(Gender) + β2j(Mot_1) + β3j(Mot_2) + β4j(Mot_3) 
+ β5j(Att_3) + β6j(Att_4) + β7j (Bel_1)+ β8j (Bel_2) + rij

β0j = γ00 + γ01(TAttSc_2) +  γ02(TAtt_St_2) +  u0j

β1j = γ10

β2j = γ20 + γ21(AggBel_1)

β3j = γ30 + γ31(TAttSt_3) + γ32(AggAtt_3) + γ33(AggAtt_4)

β4j = γ40 + γ41(TAttSt_1)

β5j = γ50 

Level 1

Level  2

β6j = γ60

β7j = γ70 + γ71(AggAtt_4)

β8j = γ80 + γ81(AggAtt_3)



SAIP Science – 16 year olds

Level 1 Model

Gender .12
Help-seeking -.09
Luck attributions -.17
Teacher attributions .04
Coping attitude .09
Positive academic attitude .05
Positive science beliefs .27
Negative science beliefs -.12



Conclusions

• For science achievement, these findings supported 
previous research:
– Being male, having good coping attitudes, a positive academic 

attitude, and positive beliefs about the value of science all 
predicted increased scores

• As did being in a classroom where teachers held a practical 
attitude about science

– Attributing outcomes to luck, needing to seek help often, and 
having negative beliefs about science all predicted decreased 
scores

• As did a classroom where teachers believed that students are 
responsible for their own outcomes.



PISA findings

• Gu, 2006
• Modeled math self-concept and math performance
• Compared Hong Kong and Canada
• Found that for both countries, math self-concept is 

positively related to math achievement 
– Mean math self-concept lower for Hong Kong students than 

Canadian students
– Even though Hong Kong students had higher mean 

performance in math



PISA findings

• Goh, 2006
• Modeled relationships between student intrinsic 

motivation, teacher support and student-teacher 
relations, and math performance for Canadian students 

• Found that motivation is positively related to math 
achievement 
– When student perception of teacher support is added to the 

model, level of teacher support is negatively related to math 
achievement.



PISA findings

• Ross (in progress)
• Modeling student level motivation factors and science, 

reading, and math achievement
• Compares Canada, the United States, Hong Kong, 

United Kingdom, Japan, and Korea  
• This comparison allows for evaluation of 

generalizability of the relationships, and perhaps the 
generalizability of theories of motivation




