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Background & Motivation

HOWEVER,
the public sentiment is that students do not start on an equal footing



Background & Motivation

Our finding:

There are indeed differences across schools

Past research findings:
Socioeconomically advantaged students tend to perform 

better than their disadvantaged peers regardless of 
countries and economies 



Background & Motivation

What determines the differences in results 
across schools in Singapore?

Should more support be given to students 
from less privileged backgrounds?



Background & Motivation

Past Research Finding

A student’s performance is 
generally better when their 
socioeconomic status is 
higher, regardless of 
countries and economies

Hypothesis

Schools with greater 
percentage of disadvantaged 
students from a 
socioeconomic perspective 
tend to perform more poorly 
overall



Objective

We seek to explore the 
factors contributing to the 

differences in overall scores 
and science scores across all 

schools
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Methodology

• A regression model will be developed to explain why certain schools score
better than others

• Multiple linear regression is the technique selected for our analysis as it
allows us to use both continuous and categorical variables.

Explanatory variables:
• Derived from questions posted to the school

Response variables:
• Schools’ mean overall score
• Schools’ mean science score



Data Preparation

Sorting variables by type

Using the codebook (OECD),
questions from the school
questionnaire were sorted into:
1. Continuous,
2. Ordinal, and
3. Nominal
variables by observing the
question types



Data Preparation

Excluding variables with missing values

Response Variables:
School ID 29 was removed due to missing values for majority of the
questions

Explanatory Variables:
Arbitrary threshold created – no more than 20%, or 35.4 out of 177 missing
data points should exist
“SC014Q01NA” was excluded



Data Analysis
STANDARD LEAST SQUARE REGRESSION

Removing Correlated Variables – Continuous Variables

• 3 iterations of standard least squares regression were conducted
• Variables removed conservatively
• Observed Correlation of Estimates (Threshold: +/- 0.7)
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Figure: Table showing correlation of estimates of sampled variables from the first iteration of standard 
least square regression of overall scores given all continuous variables



Data Analysis
STANDARD LEAST SQUARE REGRESSION

Removing Correlated Variables

• Variance Inflation Factors (VIF) is 
useful in determining 
multicollinearity within variables 

• Final check for multicollinearity by 
ensuring VIFs are less than 8
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Figure: Table showing Variance Inflation Factor (VIF) of 
variables from the final iteration of standard least square 

regression of overall scores given selected continuous variables 



Data Analysis
DECISION TREE ANALYSIS

Feature Selection

• Feature selection conducted due to 
the excessive number of 
categorical explanatory variables

• Determining number of splits:
• R-square value continued 

rising and the split history 
graph did not reach a plateau

• Saturation point reached
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Figure: Graph showing number of splits against R-square for 
decision tree (Overall Scores)

27



Data Analysis
DECISION TREE ANALYSIS

Feature Selection

• All variables with positive logworth (greater than zero) will be selected 
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Figure: Table showing categorical variables with positive 
logworth values (Overall Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Identifying Variables that Matter

Selection of Direction for Stepwise Regression Model 
(Selection Criteria for Variables: p-value < 0.05)
• Backward, forward and mixed stepwise regression models were generated
• Backward stepwise resulted in the highest adjusted R-square
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Figure: Summary of Fit for backward stepwise 
regression model (Overall Scores) 

Figure: Summary of Fit for backward stepwise 
regression model (Science Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Identifying Variables that Matter3

Figure: Summary of Fit for backward stepwise 
regression model (Overall Scores) 

Figure: Summary of Fit for backward stepwise 
regression model (Science Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Insights – Variables Affecting Overall Scores

• In line with recent trends – schools aim to engage parents 
beyond the “superficial” purposes (i.e. fundraising)

• Potential explanation – parents feel more ownership 
when they get to participate in school decisions as it 
encourages them to contribute their valuable knowledge, 
skills and viewpoints

Figure: Table showing variables from backward 
stepwise regression model sorted by parameter 
estimates in descending order (Overall Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Insights – Variables Affecting Overall Scores

Figure: Table showing variables from backward 
stepwise regression model sorted by parameter 
estimates in descending order (Overall Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Insights – Variables Affecting Science Scores

Figure: Table showing variables from backward 
stepwise regression model sorted by parameter 
estimates in descending order (Science Scores) 

• Programmes are effective in preparing the teachers to 
become better educators, allowing the students to learn 
more effectively



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Insights – Variables Affecting Science Scores

Figure: Table showing variables from backward 
stepwise regression model sorted by parameter 
estimates in descending order (Science Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Insights – Variables Affecting Science Scores

Figure: Table showing variables from backward 
stepwise regression model sorted by parameter 
estimates in descending order (Science Scores) 



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION

Schools with a higher percentage of students from socioeconomic 
disadvantaged homes tend to do more poorly for the PISA survey

 

Term Question Response Options Estimate 
(Overall) 

Estimate 
(Science) 

SC010Q01TC[0] Selecting teachers for hire: <School governing board> 0 Not checked 
1 Checked 

-0.018819 -0.023162 

SC048Q03NA Est. percent. <national modal grade for 15-year-olds>. 
Students from socioeconomic disadvantaged homes 

(continuous variable) -0.004258 -0.004568 

SC019Q03NA01 <School science> teachers\<ISCED Level 5A or 
higher> qualification <with a major> in <school 
science>: Full-time 

(continuous variable) 0.0044681 0.004913 

SC053Q05NA[1] <This academic year>,follow. activities\school 
offers<national modal grade for 15-year-olds>? 
Science club 

1 Yes 

2 No 

0.0233774 0.0240565 

SC053Q07TA[1] <This academic year>,follow. activities\school 
offers<national modal grade for 15-year-olds>? Chess 
club 

1 Yes 

2 No 

0.0322451 0.0269779 

Insights – Variables Affecting Both Overall & Science Scores



Data Analysis
STEPWISE MULTIPLE LINEAR REGRESSION
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Insights – Variables Affecting Both Overall & Science Scores

Schools should do/have more:
• Students participating in the extra-curricular activities (Chess Club and Science Club)
• Involvement of school governing board in selection process of teachers for hire
• Number of teachers with minimally a bachelor’s degree



To ensure that all schools can provide the same support to their students, schools and
relevant authorities can consider recommendations in the following three broad areas:

1. Training and Development for teachers
o Send more teachers for professional development courses
o  grants to schools with greater percentage of less privileged students

2. Fine-tuning the hiring process for teachers
o Fair allocation of teachers with tertiary education
o School governing body to play a role in the selection process of teachers

3. Increasing parents’ involvement through meaningful engagement
o Encourage parents to be more involved with school activities and decisions

Conclusion




