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Introduction

 Multilevel analysis (hierarchical linear modelling) on

hierarchical data structures

 Impact of student and school characteristics on 2018 Year

10 Examination Results in PNG.

 Models used in educational research because of education

levels/structures (student level, school level, classroom

level)

 Use a two-level hierarchical data structures.



Cont
Models used in educational research

Student Level Classroom Level School Level
1. age                           curriculum school type       
2. gender text books location
3. wex                          teacher qualification           gender ratio

accessibility
school size                                  



Research Questions
Four research questions were attempted to be answered:

1. Is there significant variation in student achievement between

schools?

2. Does student achievement depend on student characteristics    

such as age, gender and written expression?

3. What are the effects of school type, location, remoteness, 

gender ratio, and school size on student achievement?

4. Are the student effects moderated by the school effects?



Target population

 Grade 10 students

 270 urban and rural secondary school

 N = 45,000 students

 115 government, 150 church and 5 independent schools.



Methodology
 Statistical Procedure

 Two-level Multilevel Analysis Models to look at the effects of 
student and school variables on student achievements at the 
student and school levels

 Separate Multilevel Analysis Model analyses were carried out for 
the achievement measure in each of English, mathematics, 
science, and social science. 

 Each Multilevel Analysis Model analysis was done in three stages. 



Statistical Procedure
Stage 1:  An empty model with no independent variables at the  

student and school levels. 

Stage 2: Student variables were added to the empty model, to 

determine whether each variable had a significant effect 

on student achievement, independently of school 

variables.  

Stage 3: School variables were added to the student model. 

 separately, to examine their school effects, 

 combination with the student variables, to examine 
their moderation effects. 



Data Collection

 Measurement Services Unit (MSU), DoE

 2018 Grade 10 examination data = English, mathematics, 
science and social science. 

 Students examinations in October 2018

 Age range = 14 to 27 years old, 80% above 16 years old. 



Cont.

 Measurement Services Unit (MSU), DoE

 2020 Grade 10 examination data in English, mathematics, 
science and social science. 

 Students sat for examinations in October 2020 in all 
secondary schools throughout the country.

 Age range was 14 to 27 years old, 80% above 16 years old. 



Variables for Multilevel Analysis
Dependent Variable

❑ Student’s performance (English, Maths, Science & Soc Sci)

Independent Variables at the Student-level

✓Student age

✓Gender

✓Written expression exam

Independent Variables at the School-level

✓ School type

✓ Location

✓ Remoteness

✓ Gender ratio

✓ School size 
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Students’ Characteristics (Independent Variables at the Student-
level)

1. Student age

2. Gender

3. Written expression exam

Schools’ Characteristics (Independent Variables at the School-level)

1. School type

2. Location

3. Remoteness

4. Gender ratio

5. School size 
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A1. The variables, labels and metrics 

 
Variable  Label   Metric 

Age     AGE   Age of student 

Gender     FEMALE  1 = female, 0 = male 

Written Expression   WEX   Written expression exams 

School type    SCHOOL TYPE 1 = Church, 0 = Independent 

Location    LOCATION  1 = Urban,   0 = Rural 

Remoteness    ACCESSIBILITY 1 = readily accessible, 2 = Accessible,  

                      3 = Remote, 4 = extremely remote 

Gender ratio     Ratio of female to male students in school 

Size of School    SIZE   Number of students in the school 

                                                                

 



Cont.
Students’ Characteristics

1. Student age

2. Gender

3. Written expression exam (wex)

Note: wex is taken as a predictor variable to all four subjects

Schools’ Characteristics

1. School type

2. Location

3. Remoteness

4. Gender ratio

5. School size 



Statistical analysis 

Results were analysed using 

❑ SPSS software (version 18.0) and 

❑ HLM (version 6.0). 



HLM Models used in this research
Model 1: Unconditional Means Model (Empty model)

Determine how much variation in the outcome lies within and between-

schools.  

The within-school  model  also  called  the  student-level is:

Yij = ßoj +  e ij (1)

where Yij = achievement score for student i in school j,
β0j = intercept representing the average 

achievement for school j, and 
eij = error of estimate for achievement score of   

student i in school j.

English = bx + error 
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Model 1: Unconditional Means Model (Empty model)

The between-school model (school-level or level-2 model) is:

ßoj = γoo  + u0j                                                                         

where γ00 = mean for achievement across all schools

u0j   = effect of school j on the average achievement.

Intercept   = mean for achmnt + effect of sch j on av. achmnt



Model 2: Including Effects of Student Level (level 1) Predictors

The within-school model is:

Y ij = ßoj +  ß1j(age) ij + ß2j(wex) ij + ß3j(female) ij + e ij (2)

y = int + b1(age) + b2(wex) + b3(female) +error

English = int + b1(age) + b2(wex) + b3(female) +error

b1(age) = age slope btw age and achievement in sch j



Model 2: Including Effects of Student Level (level 1) Predictors

The between-school model (school-level or level-2 model) is:

ßoj = γoo  + u0j                                                                         

where γ00 = mean for achievement across all schools

u0j   = effect of school j on the average achievement.

Intercept   = mean for achmnt + effect of sch j on av. achmnt



Model 3: Including Effects of School Level (level 2) Predictors 

English = Int +  b1j(age) ij + b2j(wex) ij + b3j(female) ij + e ij (3)

ßkj = γko  +  γk1 (location) j + ukj (3a)

ßkj = γko  + γk1(remoteness) j + ukj (3b)

ßkj = γko  +  γk1 (church) j + γk2(independent) j + ukj (3c)

ßkj = γko  +  γk1 (gender ratio) j + ukj (3d)

ßkj = γko  + γ k1 (school size) j+ ukj (3e)



Model 4: Including Significant Moderation Effects

English = Int +  b1j(age) ij + b2j(wex) ij + b3j(female) ij + e ij (4)

ßkj = γko  +  γk1 (location) j + ukj (4a)

ßkj = γko  + γk1(remoteness) j + ukj (4b)

ßkj = γko  +  γk1 (church) j + γk2(independent) j + ukj (4c)

ßkj = γko  +  γk1 (gender ratio) j + ukj (4d)

ßkj = γko  + γ k1 (school size) j+ ukj (4e)



Results

Descriptive Statistics

Variable                                                                                    M                         SD     

 

Academic achievement (Outcome variables) 

English                                                                                  55.28                     19.46 

Mathematics                                                                          53.16                     18.10                                                               

Science                                                                                  52.33                     18.44 

Social Science                                                                       52.52                     18.44 

Student characteristics (Explanatory variables) 

Gender (0 = male; 1 = female)                                                0.42                       0.49 

Age                                                                                        17.41                       1.17 

Written Expression Exam                                                      12.45                      3.55 

 

School characteristics (Explanatory variables) 

Government                                                                            0.73                       0.44 

Church                                                                                    0.25                       0.43 

Independent                                                                            0.02                       0.13 

Location                                                                                  0.43                       0.49 

Remoteness                                                                             0.81                       0.77 

Gender Ratio                                                                           0.42                       0.08 

School size                                                                          245.30                   152.80 
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Descriptive Statistics

▪ Means and standard deviations for the outcome (dependent) variables 

and explanatory (independent) variables

 Students ranged in age from 14 to 27 years (M = 17.41, S.D. = 1.21)

and 41.8 percent were female.

 Females perform better in written expression exam than males

 Students in urban areas perform better in wex than those in rural areas

 Students in independent schools are younger and perform better in wex

compared to those in government and church schools.
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Descriptive Statistics

 Proportion of females is 44.7% in urban schools with 55.3% for males.

 In rural schools the proportion of females is 37.9% with 62.1% for

males.

 Students score higher in English and mathematics.

 Not much variations in academic achievement among students within

schools in mathematics (M = 55.16, S.D. = 18.10), science (M =

52.23, S.D. = 18.44) and social science (M = 52.52, S.D. = 18.44).

 Largest variation in English (M = 55.28, S.D. = 19.45) suggests large

differences among students in English achievement.
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Descriptive Statistics

 Most of the variation in student achievement was evident in the

location (M = 0.43, S.D. = 0.49) and the remoteness (M = 0.81, S.D. =

0.77) of the school.

 Average school achievement in each subject area was independent of

school size.



Results using Models
Model 1: Unconditional Means Model (Empty model)

Yij = ßoj +  e ij (1)

ßoj = γoo + u0j

DV: Student  Achievement English Math Science 
Social 

Science 

Written 

Expression 

 

Between-student variance (σ2) 

 

269.62 

 

 

265.44 

 

 

274.93 

 

 

264.31 

 

 

    9.87  

 

Between-school variance (τ2) 

 

118.99 

 

70.04 75.73          83.03     3.02 

Intra-school correlationa 

 

    0.31 

 

  0.21   0.22     0.24     0.23 
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Model 1: Unconditional Means Model (Empty model)

 Most variance exists between students in English (269.62),

mathematics (264.44), science (274.93) and social science (within

schools) and a smaller variance (189.99) exists between schools.

 Variance at the higher level is greater than 10% for all the five

subjects, a multi-level analysis was justified in all cases
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Student Model 

Y ij = ßoj  +  ß1j(age) ij + ß2j(wex) ij + ß3j(female) ij + e ij

 

Achievement 

Achievement 

 

      Gender 

 

    Est. Coeff (se) 

       Age 

 

   Est. Coeff (se) 

Written Expression 

 

   Est. Coeff (se) 

 

English 

 

     -0.76 (0.67) 

 

-1.13 (0.34) ** 3.61 (0.09) 
** 

Mathematics 

 

-8.75 (0.72) 
**

 

 

-0.88 (0.37) 
** 2.29 (0.101)** 

Science 

 

-9.13 (0.73) 
** 

 

-1.30 (0.39) 
** 2.66 (0.10) 

** 

Social Science 

 

-7.79 (0.77) 
** 

 

 

-1.33 (0.43) 
** 

 

 

2.73 (0.09) 
** 
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Student Model 

Y ij = ßoj +  ß1j(age) ij + ß2j(wex) ij + ß3j(female) ij + e ij

 Effect of gender is significant for mathematics, science and social science when the effects of 

age and written expression are statistically controlled. 

 Female students scored lower in mathematics and science and social science than males by 

8.75, 9.13 and 7.79 marks on average. 

 Effect of age is significant in all subjects when gender and written expression were statistically 

controlled. On average older students scored lower in all subjects than younger student. 

 Students’ academic performance in Grade 10 is strongly related to their written expression

results for all the four subjects when we control for age and gender.
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School Effects 

Y ij  = ßoj  +  ß1j(age) ij + ß2j(wex) ij + ß3j(female) ij + e ij (9)

ßoj  = γoo  +  γ01 (location) j+ u0j         (9a)

ßoj  = γoo  +  γ01 (remoteness) j + u0j (9b)

ßoj  = γoo  +  γ01 (church) j + γ02(independent) j + u0j                          (9c)

ßoj  = γoo  +  γ01 (gender ratio) j + u0j                    (9d)

ßoj  = γoo  +  γ01(school size) j+ u0j (9e)



Cont.
School Effects 

Academic 

Achievement 
 

Church Schools 

Est. Coeff (se) 

Independent 

Schools 

Est. Coeff (se) 

Location 

Est. Coeff (se) 

Remoteness 

Est. Coeff (se 

Gender ratio 

Est. Coeff 

(se) 

School size 

Est. Coeff 

(se) 

English 
 

-5.36 (3.20) 
*
 

 

18.35 (5.06) 
** -11.23 (2.77) ** -7.43 (1.70) 

** 

 

8.08(14.47) 
 

 

0.03 (0.01) 
* 

Mathematics 
 

-4.76 (2.63) 
* 

 

6.24 (1.70) 
** 

 

-5.97 (2.64) 
* 

 

 

-3.88 (1.54) 
* 

 

 

-2.57 (11.97) 
 

 

0.02 (0.01) 
** 

Science 
 

-4.60 (2.63) 
* 

 

9.11 (2.66) 
** 

 

-7.72 (2.46) 
** 

 

-4.33 (1.49) 
** 

 

-1.24 (11.36) 
 

 

0.02 (0.01)  

Social Science -5.57 (2.76) 
* 10.30 (2.30) 

** -9.30 (2.82) 
** -5.62 (1.53) 

** 

 

8.15 (13.09) 
 

 

0.02 (0.01) 
* 
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 English marks were significantly higher 18.35 on average for independent schools

than government schools when controlling for age, gender and written expression

 English marks were significantly lower by 5.36 on average for church schools than

government schools when controlling for gender, age and written expression.

 Significant location and remoteness effects for all four subjects, with students in rural

areas (particularly in remote rural areas) scoring lower than students in urban areas.

 Finally it was found that the marks achieved by students were higher for larger

schools than for smaller schools.
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Moderation Effects

 Described in the fourth research question are addressed.

Y ij = ßoj + ß1j(age) ij + ß2j(wex) ij + ß3j(female) ij + e ij (10)

ßoj = γoo + γ01 (location) j + u0j (10

ßoj = γoo + γ02(remoteness) j + u0j (10b)

ßoj = γoo + γ01 (church) j + γ02(independent) j + u0j (10c)

ßoj = γoo + γ01 (gender ratio) j + u0j (10d)

ßoj = γoo + γ02(school size) j+ u0j (10e)
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Moderation Effects

 
Moderation by church 

 

 
Estimated 

Effects 

 
English 

 
Mathematics 

 
Science 

 
Social 

Science 

 

 

 

 

Age Effect 

 

Coefficient 

 

   0.40 

 

0.10 

 

0.04 

 

0.03 

 

Standard 

Deviation 

0.28 

 

0.20 

 

0.27 

 

0.26 

 

t-value 

 

 1.40 

 

0.53 

 

-0.16 

 

0.11 

 

 

 
 

Written Expression Effect 

 

Coefficient 

 

  -0.06 

 

-0.05 

 

-0.02 

 

-0.03 

 

Standard 

Deviation 

  0.07 

 

0.07 

 

0.08 

 

0.06 

 

 

t-value 
 

  -0.82 

 

-0.07 
 

 

-0.25 

 

-0.48 

 

 
 

 

Gender 

 

Coefficient 
 

  -0.65 

 

0.11 

 

-0.01 

 

0.10 

 
Standard 

Deviation 

  0.58 
 

0.59 
\ 

0.61 
 

0.61 

 
t-value 

 

  -1.13 
 

0.19 
 

-0.02 
 

0.16 

 

❑ No significant moderation effects when the controlling agency is church.

Table 7: Exploratory analysis for the moderation effects of age, written expression

               and gender for church school.

Significance of Differences: (*p<0.05, **p<0.01)
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Moderation Effects

           

❑ No significant moderation effects when the controlling agency is government. 

Table 9: Exploratory analysis for the moderation effects of age, written 

expression and gender for government schools.  

Moderation by 
government school 

 
Estimated 

Effects 

 
English 

 
Mathematics 

 
Science 

 
Social 

Science 

 

 
 

 

Age effect 

 

Coefficient 
 

-0.01 

 

0.08 

 

0.30 

 

0.26 

 

Standard 

Deviation 

0.28 

 

0.19 

 

0.26 

 

0.25 

 
t-value 

 

-0.02 
 

0.44 
 

1.15 
 

1.01 

 

 

 
 

Written Expression effect 

 

Coefficient 

 

0.04 

 

0.30 

 

-0.01 

 

0.01 

 
Standard 

Deviation 

0.07 
 

0.07 
 

0.07 
 

0.06 

 

t-value 
 

0.56 

 

0.42 

 

-0.07 

 

0.16 

 
 

 

 
Gender 

 
Coefficient 

 

0.35 
- 

0.34 
 

-0.08 
 

-0.06 

 

Standard 
Deviation 

0.57 

 

0.57 

 

0.60 

 

0.59 

 
t-value 

 

0.62 
 

-0.60 
 

-0.13 
 

-0.11 

 

Significance of Differences: (*p<0.05, **p<0.01)
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Moderation Effects

           

❑ The effect of age is moderated for all subjects in the case of independent 

schools. 

Table 8: Exploratory analysis for moderation effects of age, written expression 

              and gender for independent schools.  

Moderation by 
independent school 

 
Estimated 

Effects 

 
English 

 
Mathematics 

 
Science 

 
Social 

Science 

 

 

 

 

Age effect 

 

Coefficient 

 

-2.17 

 

-1.06 

 

-1.51 

 

-1.66 

 

Standard 

Deviation 

0.60 

 

0.43 

 

0.60 

 

0.57 

 

t-value 

 

  -3.61* 

 

-2.44* 

 

-2.52* 

 

-2.92* 

 

 

 
Written Expression Effect 

 

Coefficient 

 

0.10 

 

0.11 

 

0.14 

 

0.10 

 

Standard 

Deviation 

0.18 

 

0.18 

 

0.18 

 

0.14 

 

t-value 
 

0.56 

 

0.63 

 

0.76 

 

0.75 

 

 
 

 

Gender 

 

Coefficient 
 

1.56 

 

1.38 

  

-0.15 

 
Standard 

Deviation 

1.36 
 

1.36 
  

1.44 

 
t-value 

 

1.15 
 

1.01 
  

-0.11 

 
Significance of Differences: (*p<0.05, **p<0.01)
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Moderation Effects

           

❑ Location does not moderate the effects of age, written expression or gender 

significantly except for age in the case of English. 

Table 11: Exploratory analysis for the moderation effects of age, written 

                expression and gender by location.  

 
Moderation by location 

 

 
Estimated 

Effects 

 
English 

 
Mathematics 

 
Science 

 
Social 

Science 

 

 

 
 

Age effect 

 

Coefficient 

 

 

0.59 

 

 

-0.02 

 

0.11 

 

0.11 

 

Standard 

Deviation 

 

0.29 

 

 

0.20 

 

0.28 

 

0.28 

 

t-value 

 

 

2.08* 

 

 

-0.10 

 

0.41 

 

0.41 

 

 
 

 

Written Expression effect 

 

Coefficient 

 

 

0.00 
 

 

0.03 

 

-0.05 

- 

-0.05 

 

Standard 

Deviation 

 

0.07 
 

 

0.07 

 

0.08 

 

0.08 

 

t-value 
 

 

-0.03 
 

 

0.41 

 

-0.60 

 

-0.60 

 
 

 

 
Gender 

 

Coefficient 
 

 
-0.86 

 

 
-0.33 

 
0.19 

 
0.19 

 
Standard 

Deviation 

 
0.57 

 

 
0.58 

 
0.60 

 
0.59 

 
t-value 

 

 
-1.52 

 

 
-0.57 

 
0.31 

 
0.31 

 
Significance of Differences: (*p<0.05, **p<0.01)



Cont.
Moderation Effects

           

Effect of age is moderated by the remoteness of the area, again only in the 

case of English. 

Exploratory analysis for the moderation effects of age, written expression and 

gender by remoteness.  

Significance of Differences: (*p<0.05, **p<0.01)

 
Moderation by 

remoteness 

 

 
Parameters 

 
English 

 
Mathematics 

 
Science 

 
Social 

Science 

 

 

Age effect 

 

Coefficient 
 

 

0.40 

 

 

-0.01 

 

0.09 

 

0.02 

 

Standard 
Deviation 

 

0.16 

 

 

0.12 

 

0.16 

 

 

0.16 

 
t-value 

 

 

2.49* 

 

 

-0.07 

 

0.53 

 

0.14 

 

 
Written Expression 

effect 

 
Coefficient 

 

 

0.00 
 

 

0.00 

 

-0.04 

 

0.01 

 
Standard 

Deviation 

 

0.04 
 

 

0.04 

 

0.04 

 

0.03 

 
t-value 

 

 
0.03 

 

 
-0.12 

 
-0.86 

 
0.29 

 
 

 

Gender 

 
Coefficient 

 

 
-0.40 

 

 
-0.01 

 
0.32 

 
-0.08 

 

Standard 
Deviation 

 

0.34 

 

 

0.35 

 

0.36 

 

0.36 

 

t-value 
 

 

-1.17 

 

 

-0.03 

 

0.90 

 

-0.23 
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Moderation Effects

           

English achievement as a function of age and remoteness

-1.41 -0.66 0.09 0.84 1.59
44.45

49.63

54.81

60.00

65.18

AGE

EN
G

REMOT ENE = 0

REMOT ENE = 1

REMOT ENE = 2
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Moderation Effects

           

The final HLM model for English showing moderation of the age effect by 

remoteness.
 
---------------------------------------------------------------------------- 

                                       Standard             Approx. 

    Fixed Effect         Coefficient   Error      T-ratio   d.f.     P-value 

 ---------------------------------------------------------------------------- 

 For       INTRCPT1, B0 

    INTRCPT2, G00          62.430    2.961    21.087      46       0.000 

    REMOTENE, G01          -8.429    1.737    -4.851      46       0.000 

 For      AGE slope, B1 

    INTRCPT2, G10          -2.173    0.577    -3.764      46       0.001 

    REMOTENE, G11           0.829    0.376     2.205      46       0.032 

 For      WEX slope, B2 

    INTRCPT2, G20           3.582    0.087    41.154      47       0.000 

 For   FEMALE slope, B3 

    INTRCPT2, G30          -0.737    0.600    -1.227      47       0.226 

 ---------------------------------------------------------------------------- 

 

Remoteness Coefficient for age 

0 (readily accessible) -2.17 

1 (accessible) -1.30 

2 (remote) -0.51 
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Moderation Effects

           

Table 16: Exploratory analysis for the moderation effects of age, 

written expression and gender by gender ratio.  
 

Moderation by gender 

ratio 

 

Parameters English Mathematics Science 
Social 

Science 

 

 

 

 
Age effect 

 

 

Coefficient 

 

 

-0.08 

 

0.02 

 

0.01 

 

0.01 

 

sd 

 

0.36 

 

 

0.22 

 

0.31 

 

0.30 

 

t-value 

 

 

-0.22 

 

 

0.09 

 

0.03 

 

0.03 

 

 
 

 

Written Expression 

effect 

 

Coefficient 
 

 

-0.01 
 

 

-0.01 

 

0.00 

 

0.00 

 

sd 

 

0.08 
 

 

0.08 

 

0.08 

 

0.06 

 
t-value 

 

 
-0.14 

 

 
-0.10 

 
0.01 

 
0.06 

 
 

 

 

Gender effect 

 
Coefficient 

 

 
0.210 

 

 
0.08 

 
-0.02 

 
-0.05 

 

sd 

 

0.64 

 

 

0.65 

 

0.67 

 

0.67 

 

t-value 

 

 

0.33 

 

 

0.13 

 

-0.04 

 

-0.07 

 Significance of Differences: (*p<0.05, **p<0.01)

No significant moderation effect is found for this variable.



Cont.
Moderation Effects

           

Table 17: Exploratory analysis for moderation effects of age, written 

expression and gender by school size.  

Significance of Differences: (*p<0.05, **p<0.01)

 
Moderation by school 

size 

 

Parameters English Mathematics Science 
Social 

Science 

 

 

 

 
Age effect 

 

 

Coefficient 

 

0.00 

 

0.00 

 

0.00 

 

0.00 

 

sd 0.00 

 

0.00 

 

0.00 

 

0.00 

 

 

t-value 

 

 

-0.90 

 

 

0.28 

 

-0.07 

 

-0.12 

 

 

 
 

 

Written Expression 

effect 

 

Coefficient 
 

 

0.00 
 

 

0.00 

 

0.00 

 

0.00 

 

sd 

 

0.00 
 

 

0.00 

 

0.00 

 

0.00 

 
t-value 

 

 
0.25 

 

 
0.13 

 
0.75 

 
1.25 

 
 

 

 

Gender 

 
Coefficient 

 

 
0.00 

 

 
0.00 

 
0.00 

 
0.00 

 

sd 0.00 

 

0.00 

 

0.00 

 

0.00 

 

 

t-value 

 

 

0.24 

 

 

-0.55 

 

-0.84 

 

-1.39 

 

No significant moderation effect is found for this variable.



Cont.
 Significant moderation effects when the controlling agency is church 

or government.

 Effect of age is moderated for all subjects in the case of independent 

schools.

 Achievement levels are lower for older students and this deterioration 

is greater in the case of independent schools.

 English marks decrease by 7.28 on average for each year of age for 

students at government and church schools.

 Independent schools English marks decrease by 8.31 (7.28+1.03) on 

average for each year of age.



Assumptions

 Models were fitted assuming that the residuals for the 

level 1 equation were normally distributed with 

constant variance. 

 This assumption needs to be checked for each subject.



1. Test for constant error variance

Table 18: English model for level-1 

variance.

Table 19: Mathematics model for 

level-1 variance.

Parameter Coeffi

cient

Standar

d Error

Z-ratio P-value

Intercept
5.35

0.03 169.23 <0.00

Age -0.03     0.02 -1.14 0.25

Written 

Expression

0.01 0.01 1.86 0.06

Female -0.12 0.05 -2.47 0.01

Parameter Coeffi

cient

Standar

d Error

Z-ratio P-value

Intercept
4.84

0.03 152.84 <0.00

Age -0.12 0.02 -5.07 <0.00

Written 

Expression

-0.03 0.01 -4.17 <0.00

Female 0.08 0.05 1.54 0.12



4.1 Test for constant error variance

Table 20: Science model for level-1 

                 variance

Figure 5: Mahalanobis Distance plot 

showing outliers for mathematics 

achievements

Parameter Coeffi

cient

Standar

d Error

Z-ratio P-value

Intercept
5.28

0.03 167.00 <0.00

Age -0.07 0.02 -2.83 0.01

Written 

Expression

0.00 0.01 0.03 0.98

Female -0.08 0.04 -1.69 0.09

Parameter Coeffi

cient

Standar

d Error

Z-ratio P-value

Intercept
5.22

0.03 165.05 <0.00

Age -0.07 0.02 -3.11 <0.00

Written 

Expression

-0.01 0.01 -1.03 0.30

Female -0.07 0.05 -1.49 0.14



4.1 Test for constant error variance

Table 22: Test for homogeneity.

Parameter Coefficient Standard Error Z-ratio P-value

Intercept 5.28 0.03 167.00 <0.00

Age -0.07 0.02 -2.83 0.01

Written Expression 0.00 0.01 0.03 0.98

Female -0.08 0.04 -1.69 0.09



4.2 Outliers

Mahalanobis Distance plot showing 

outliers for English achievements

Figure 5: Mahalanobis Distance plot 

showing outliers for mathematics 

achievements



4.2 Outliers

Figure 6: Mahalanobis Distance 
plot showing outliers for science 
achievements.

Figure 7: Mahalanobis Distance plot 

showing outliers for social science 

achievements.



4.3 Normality Test

Figure 8: Normality of English 
achievements

Figure 9: Normality of mathematics 

achievements



4.3 Normality Test

Figure 10: Normality of science   

                  achievements

Figure 11: Normality of social science 

achievements



Discussion
Existing Government Policy in PNG

 The Government’s concern for secondary education 
has two motivations. 

 First, desire to provide a relevant, affordable and quality 
secondary education. 

 Second, the government recognises the importance of 
secondary education as a key driver of competitiveness, 
and thereby economic success for Papua New Guinea.



Discussion
Implication of Government Policy in PNG DoE

1. Students Level

✓ Age factor is one of the most important variables in this study that affects 
student achievements in all four subject areas. Low student academic 
achievement correlated with older students.

✓ gender differential in performance across subject areas, 
favouring males in mathematics and science, and 
favouring females in English and social science.

✓ performance in written expression achievement scores 
exert a strong positive influence on student 
achievement in all four subject areas when controlling 
for age and gender. 



Discussion
Implication of Government Policy in PNG DoE

1. School Level

✓ At the school level, we obtained two interesting findings that 
relate to our third research question. Independent schools had a 
significant positive influence on students’ academic scores in 
English, mathematics, science and social science when controlling 
for age, gender and written expression. On the other hand, church 
schools had significantly lower scores on English, mathematics, 
science and social science than government schools. 

✓ Location had a significant influence on student 
academic scores on English, mathematics, science and 
social science. Schools in rural areas perform poorly in 
all subject areas. 



Discussion
Recommendations for change in Papua New Guinea 
Education Policy

1. Age factor 

2. Inequalities between school agencies and school 
locations 

3. Remote and rural schools, age, gender, written 
expression, poor quality and learning outcomes 
are some of the problems that exist in secondary 
schools



Relevance of HLM for studies of this nature 
 HLM is a statistical tool that is appropriate for analysing multilevel 

data such as students nested within schools. 

 HLM allows data collected at different level of analysis (e.g., student, 
classroom, schools) to be examined without violating assumptions of 
independence in linear multiple regression. 

 Hierarchical linear modelling provides an analytic framework and is 
the appropriate tool for analysing multilevel data of this nature.

 The hierarchical structure of education data makes it easier for HLM to 
divide variation in outcomes/achievements into between-students and 
between-school characteristics. 



Direction for Future Research
 Research studies could be undertaken to include further variables like 

the socio-economic status, home work, discipline climate, parents’ 
education level and teachers’ qualification level. 

 Using a three-level analysis, including classroom variables, may 
provide an even better model than the two-level model used in this 
study. 

 HLM for modelling longitudinal student data. Future research should 
be conducted to examine student, classroom level, teacher 
characteristics, curriculum, socio-economic status, parental 
involvement, school climate, school and district factors that contribute 
to changes in student achievements in Papua New Guinea over time. 



Conclusion

 Multilevel analysis is a statistical tool that is appropriate for analysing 
multilevel data such as students nested within schools. 

 Student level - Three findings important

 Effects of age on students’ achievements. This study suggested that when 
the effects of gender and written expression are controlled, performance in 
English, mathematics, science and social science achievements decreases 
for older students. Low student academic achievement correlated with 
older students. 

 Females do better in English and Social Science while males do better in 
mathematics and science. 

 Improved written expression would benefit all students in all four subject 
areas.



Cont

 School level - Two interesting findings. 

 Independent schools had a significant positive influence on students’ 
academic scores in English, mathematics, science and social science when 
controlling for age, gender and written expression. 

 School in remote rural areas perform poorly in all subject areas. 



Cont

 More research that include;

 classroom resources

 curriculum

 teacher characteristics 

 parental involvement

 school climate



  

     

Thank you
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