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1.1 Background information on surveys informing educational policy  
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1.2 Research questions 
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1.2.1 Rationale and background to research questions 
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1.3 Research outline 

1.3.1  Research design 
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Table 1.3-1: Historical national and international survey data 

Survey� Interval� Cohorts� Focus�

SSA� Annual� P3,�P5,�P7,�S2� Numeracy�and�other�core�skills�on�an�annual�
basis�plus�subject�specific�focus:�

Science�(2007)�

Mathematics�(2008)�

TIMSS� 4�year� P5,�S2� Mathematics�and�Science�(2007)�
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1.4 Data issues 
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Table 1.4-1: Data collection methods and analysis 

Research�Question� Data�collection�–�methods�&�analysis�

1. What�are�the�principal�
associations�with�educational�
performance�in�mathematics�
and�science�for�Scottish�
students�in�TIMSS2007?�

Scrutiny�of�survey�documentation�and�reports�from�IEA.�

Literature�review�of�country�specific�analyses,�in�the�first�
instance�drawing�on�Pehkonen�(2007)�&�Sturman�(2008).�

Literature�review�of�Mathematics�and�Science�Education�–�
Learning�&�Teaching.���

Principal�Component�Analysis�used�in�an�exploratory�fashion�to�
reduce�data�and�to�identify�suitable�latent�(derived)�variables.�

EDA�of�TIMSS2007�–�Four�sets�of�data�used�for�the�secondary�
analysis,�with�students’�responses�to�cognitive�items�and�
questionnaire�data�emanating�from�two�stages�(G4�and�G8)�
that�each�addressed�two�disciplines�(mathematics�and�
science);�weighted�data�used�for�EDA.�

Generate�long�data�set�for�each�set�of�data�–�duplicating�
records�to�have�‘plausible�value’�of�unit�of�analysis.�

Primary�analyses�–�multilevel�analyses�using�4�level�structure�
to�identify�principal�associations�with�achievement�data�(PV)��

2. How�can�publicly�funded�
national�and�international�
survey�data�be�used�to�fuller�
effect,�to�influence�policy�and�
practice?���

In�particular,�can�an�analytical�
framework�be�developed�as�a�basis�
for�the�secondary�analysis�of�
survey�data�relevant�to�practice�
and�policy�development�in�
mathematics�and�scientific�
literacies,�with�a�view�to�reducing�
the�amount�of�testing�and�
summative�assessment�in�Scottish�
schools?�

A�critical�review�of�methods�used�in�survey.���

Replicate�analyses�as�necessary�on�the�same�data�sets�to�
confirm�initial�findings,�using�alternative�approaches�by�taking�
response�variable�as:�

i. Average�of�five�plausible�values�
ii. A�single�plausible�value�
iii. All�five�plausible�values�analysed�with�results�

combined�using�Rubin’s�Rules�for�multiple�
imputations.�

Evaluate�alternative�approaches�in�comparison�to�substantive�
findings�reported�using�Rubin’s�method,�for�future�researchers�
to�draw�conclusions�and�recommendations�on�research�
practice�where�sample�surveys�use�plausible�value�
methodology.�
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2. Mathematics and Science Education – Learning and 
Teaching
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Figure 2-1:  Policy concerns related to skills shortages and the take-up of mathematics and 
related disciplines in higher education, 2010/11 (Eurydice Network, 2011: 107) 
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2.1. Key aspects of learning and teaching in study 
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2.2.1. Cognitive development 
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2.2.2. Understanding 
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Figure 2-2: Significant connections in understanding mathematics (Haylock and Cockburn, 2003) 
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2.3. Constructivism 
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2.3.1. Conceptual development 
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2.3.2. Trivial and radical constructivism 
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2.3.3. Social and cultural constructivism 
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Figure 2-3: Vygotsky's Zone of Potential Development (ZPD) (Atherton, 2011)
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Figure 2-4:  Toulmin's analysis of Theaetetus' proof that the platonic solids 
are exactly five in number (Aberdein, 2005: 291) 

�
�

%��	����(677D)�����������
��
��	�����
�
�����������������	
��
�	����������	������

��
����
�������	
���
���
�����	���
�����	���	����������������		�	���������������
����>�����

�	����	����
����� �������
��
��������
�����
�	��
������
���������
����	���������	����������

���������

2.5. Practical activities 
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Table 2.5-1: Students views on ‘effective’ and ‘enjoyable’ activities (Cerini et al., 2003: 10)  

Ways of learning  Useful and 
effective (%) 
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Table 2.5-2: Students’ reflective view on Primary School Science 
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2.6. Scottish policy context 
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• Reform-based practice and discussion  
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• Active learning and practical activities 
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• Learning environment 
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• Contexts
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• Appropriate and effective use of ICT 
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2.7. STEM Education – claims 

Learners’ experiences provide the focus for analyses of the survey data.   The 

operational variables in this particular study will be aligned with theories of learning and 

teaching that can be categorised as ‘traditional’ or ‘reform’, where the latter seeks to reflect 

recent and current initiatives within Scottish education policy and schooling.  Analyses of 

achievements and experiences documented in TIMSS2007 will provide empirical evidence of 

practices and their association with achievement. The findings will report on relative 

effectiveness of those learning experiences and their association with a ‘reform’ agenda that 

claims to enhance and progress education, and improve school effectiveness.   

Respondents provide evidence of those experiences through specific responses to 

student-, teacher- or school-level questionnaires that are directly or indirectly associated with 

key aspects of learning and teaching.  This includes specific experiences that relate to: 

practical and active approaches to learning; situations that offer a greater or lesser extent of 

student autonomy in the learning process; and organisational aspects of the learning 

environment.  Some experiences are reported by both student and teacher, in which case the 

student-variable is used to reflect the learners’ perspective on that aspect of learning and 

teaching; where no student-variable was recorded, the teacher-variable is used as evidence 

on that particular experience.   Most of the categorical variables are reported on the basis of 

‘Every or almost every lesson – About half the lessons – Some lessons – Never’, with the 

categorical variables for science G4 reported on:  ‘At least once a week – Once or twice a 

month – A few times a year – Never’.  To facilitate interpretation and to make 

communication of findings more meaningful, a reverse coding is deployed so that the 

predicted effect of high achievement is evidenced by high levels of engagement with any 

specified experience; a minor methodological transformation is applied to the responses.  

Drawing on the reported learners’ experiences, the literature and policy claims can 

be investigated to ascertain levels of association with achievement and to determine whether 

any patterns of association are empirically consistent within the hierarchical structure of the 

data.  Variances at student-, teacher-, and school-level are reported through the multilevel 

models to provide commentary on consistency of practice and association with achievement 

on a national basis. The evidence presented in the literature review informs the direction of 

association expected for each of the operational variables, with the reform agenda of STEM 

education making claims for enhanced learning opportunities and implicit claims for raising 

achievement outcomes.  The anticipated direction of association for each variable in the 

empirical analyses is as set out in Table 2.7-1 to Table 2.7-4, with cross-reference to the 

related learning theory or practice that has informed this stance.    
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Table 2.7-1: TIMSS G4 experiences in MATHS lessons 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Reform-based practice and discussion  

1 AS4MHEXP Explain my answers  Positive – with links to literature on social 
constructivism, relational understanding, 
exploratory talk, argumentation, and collaborative 
learning; these are all advocated as desirable 
features within reform-based practice. 

2 AS4MHMWP Memorize how to 
work problems 
Memorize formulas 
and procedures 
 

Generally Negative – where behaviourism, 
instrumental understanding, inert ideas, and 
associative links are less well supported when 
learning reduces to memorisation of processes.  
Clearly a level of memorisation is desirable where 
‘facts’ and building blocks of understanding are 
concerned but excessive memorisation connotes 
with rote learning. 

Active learning and practical activities  

3 AS4MHMCL Measure things in the 
classroom and around 
the school  
 

Generally Positive – social and cultural 
constructivism, collaborative learning, affective 
value, but this type of experience should be 
complementing other approaches to study and 
should not dominate a student’s classroom 
experience.  

4 AS4MHTCG Make tables, charts or 
graphs 

Generally Positive– social and cultural 
constructivism, collaborative learning, 
constructionism and application of learning by 
producing an output that will communicate findings 
form problem or investigation.   

Association may reverse if either of the above is in 
excess, reflecting a possible lack of challenge, low 
expectations and correspondingly lower levels of 
achievement. 

Learning environment  

5 AS4MHWSG Work with other 
students in small 
groups 

Positive – links to literature on collaborative 
learning, social constructivism, talk, discussion and 
argumentation.  Reform-based practice would imply 
this to be a desirable an essential feature of learning 

6 AS4MHWPO Work problems on my 
own 

Generally Positive – given the opportunities to 
consolidate learning and understanding through 
completion of individual tasks.  Potentially negative 
if this was a sole approach to learning. 

Contexts  

7 AT4MASDL Relate what they are 
learning in 
mathematics to their 
daily life 

Positive – links social and cultural constructivism, 
relational understanding, and heuristic methods in 
problem solving. Applying knowledge to new 
situations in a range of contexts should provide 
depth of learning and strengthen understandings. 
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Table 2.7-2: TIMSS G8 experiences in MATHS lessons 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Reform-based practice and discussion  

1 BS4MHEXP Explain my answers  Positive – links with social constructivism, relational 
understanding, exploratory talk, argumentation, 
collaborative learning; as in Table 2.7-1 (Variable 1) 
these are all advocated as desirable features within 
reform-based practice. 

2 BS4MHFRR Memorize formulas 
and procedures 
 

Generally Negative – where behaviourism, 
instrumental understanding, inert ideas, and 
associative links are less well supported in the 
literature. Response here infers memorisation of 
processes and procedures, reducing the experience 
to one of rote learning that has been widely 
criticised in literature review for its limiting impact 
on students’ ability to apply their understandings. 

Active learning and practical activities  

3 BS4MHSCP Decide on our own 
procedures for 
solving complex 
problems  
 

Positive – links to literature on social and cultural 
constructivism, collaborative learning, heuristic 
methods of problem solving and especially 
autonomy and ownership of learning that has been 
commended and explicitly promoted in policy 
developments.  

4 BS4MHGCT Interpret data in 
tables, charts or 
graphs 

Positive– with links to social and cultural 
constructivism, collaborative learning, and 
argumentation.  Interpretive and critical thinking 
skills are developed through opportunities to make 
sense of data (applications of learning), enhancing 
depth of learning and strengthening understandings.

Learning environment  

5 BS4MHWSG Work together in 
small groups 

Positive – collaborative learning, social 
constructivism, talk, discussion and argumentation 
as justified in Table 2.7-1 (Variable 5) 

6 BS4MHWPO Work problems on 
my own 

Generally Positive – as noted for G4 mathematics in 
Table 2.7-1 (Variable 6).  Same qualification of 
being potentially negative if this was a sole approach 
to learning. 

7 BS4MHLSP Listen to the teacher 
give a lecture-style 
presentation  

Generally Negative - where high levels of lecture-
style presentation at the expense of other reform 
practices reflect a traditional 'chalk-and-talk' 
approach that can be passive for learners and counter 
to reform-based practice. However, students' 
responses on this experience may present an 
alternative picture if their interpretation of 'lecture-
style' is in line with 'whole-class-teaching' that may 
be very interactive; in this case a positive association 
with achievement would be anticipated with the 
reform practice of interactive learning opportunities.
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Table 2.7-2: TIMSS G8 experiences in MATHS lesson (Continued) 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Contexts  

8 BS4MHMDL Relate what they are 
learning in 
mathematics to their 
daily life 

Positive – social and cultural constructivism, 
relational understanding, heuristic methods of 
problem solving as justified in Table 2.7-1 
(Variable 7) 

Assessment and feedback  

9 BS4MHROH Review our 
homework 

Positive – with links to literature on feedback, 
discussion, relational understanding, conceptual 
links in understanding, and use of exploratory talk. 

10 BS4MHHQT Quiz or test Positive – if pursued in the spirit of AifL where the 
emphasis is on formative processes, this links to 
literature on affective value, feedback, discussion, 
relational understanding, conceptual links, and 
exploratory talk.   
On the other hand the experience of ‘tests’ may be 
counter-productive in terms of raising levels of 
students’ confidence and conceptual  understanding 
and will not necessarily be positively associated 
with achievement.  Much as lecture-style 
presentation was noted as having a potentially 
negative association, so too could the deployment of 
‘quiz or test’ as it will be dependent on the teachers’ 
approach and implementation – in spirit and in 
practice. 

  
 

Table 2.7-3: TIMSS G4 experiences in SCIENCE lessons 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Reform-based practice and discussion  

1 AS4SWESS Write or give an 
explanation for 
something I am 
studying in science 
 

Positive – links with social constructivism, 
constructionism, relational understanding, 
exploratory talk, argumentation, and collaborative 
learning; as in Table 2.7-1 (Variable 1) these are all 
advocated as desirable features within reform-based 
practice with the additional support for ‘explaining’ 
in the context of practical experiments and 
investigations in science. 

2 AS4SMESF Memorize science 
facts 
 

Generally positive – given the reference to ‘science 
facts’.  A level of memorisation is necessary across 
all levels of achievement where ‘facts’ are 
concerned, but excessive memorisation connotes 
with rote learning.  Where memorisation is extended 
to processes and procedures, one might reasonably 
expect a negative association with achievement as 
cited in Table 2.7-1 (Variable 2). 
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Table 2.7-3: TIMSS G4 experiences in SCIENCE lessons (Continued) 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Active learning and practical activities  

3 AS4SWATE Watch the teacher do 
a science experiment 
 

Generally Negative – recipe style, inert ideas, with 
practical being used as a management strategy and 
learners potentially passive in the experience.  
In the absence of students doing practical 
experiment themselves, watching science 
experiments is anticipated to provide a positive 
experience.  Similarly where watching provides a 
memorable event and conceptual understanding, 
with teacher modelling scientific method, and 
stimulating intrinsic motivation through a catch & 
hold strategy, one might expect a positive 
association with achievement.  

4 AS4SHPEX Design or plan a 
science experiment or 
investigation 
 

Positive– social and cultural constructivism, 
conceptual understanding, affective value, 
constructionism, collaborative learning, heuristic 
methods of problem solving, engaging in scientific 
method, argumentation, and most importantly 
autonomy and ownership of the task that should of 
itself provide intrinsic motivation (catch & hold) 

5 AS4SDESI Do a science 
experiment or 
investigation 

Generally Positive – linking to theories on 
collaborative learning, social constructivism, 
constructionism, scientific method, talk, discussion 
and argumentation, as well as research on practical 
experiments.   
However, given mixed reviews on the role of 
practical experiments in the science classroom this 
variable may offer a negative association, or reduce 
level of positive association, where practice includes
adoption of a recipe-style approach or one that is 
unconnected to wider science education (inert ideas)

Learning environment  

6 AS4SHWGX Work with other 
students in a small 
group on a science 
experiment or 
investigation 

Positive – on the grounds of supporting 
collaborative learning, social constructivism, talk, 
discussion (argumentation), scientific method, catch 
& hold (intrinsic motivation), much as justified in 
Table 2.7-1 and Table 2.7-2 (Variable 5).  

7 AS4SWSPO Work on science 
problems on my own 

Generally Negative – while this practice may link 
with Cockcroft’s recommendations for 
‘consolidation and practice of fundamental skills and 
routines’, it misses out on collaborative work that is 
strongly promoted in wider literature on science 
education. Same qualification as noted in Table 
2.7-1 (Variable 6) with potentially negative 
association if this was a sole or primary approach to 
learning. 
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Table 2.7-3: TIMSS G4 experiences in SCIENCE lessons (Continued) 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Contexts  

7 AT4SCSDL Relate what they are 
learning in science to 
their daily life 

 

Positive – social and cultural constructivism, 
relational understanding, heuristic methods in 
problem solving and applying knowledge to a range 
of contexts. 

 

Table 2.7-4: TIMSS G8 experiences in SCIENCE lessons 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Reform-based practice and discussion  

1 BS4SHEOS Give explanations 
about what we are 
studying  
 

Positive – with links to social constructivism, 
constructionism, relational understanding, 
exploratory talk, argumentation, collaborative 
learning as noted in Table 2.7-3 (Variable 1) 

2 BS4SHFAP Memorize science 
facts and principles 
 

Generally Positive – as cited in Table 2.7-3 
(Variable 2) given the emphasis on facts and 
principles over processes and that memorisation will 
be a feature of learning across all levels of 
ability/achievement.  Excessive memorisation may 
connotes with rote learning, so where memorisation 
is extended to processes and procedures, one might 
expect a negative association with achievement as 
commented upon earlier.  

Active learning and practical activities  

3 BS4SHDEI Watch the teacher 
demonstrate an 
experiment or 
investigation 
 

Generally Negative –with learners potentially 
passive in the experience.  As with G4, in the 
absence of students conducting practical 
experiments, watching experiments is anticipated to 
provide a positive experience.  Similarly where 
watching provides opportunities for social and 
cultural constructivism, conceptual understanding, 
or through a memorable observed event, one might 
expect a positive association with achievement 

4 BS4SHPEI Design or plan a 
science experiment or 
investigation 
 

Positive– as reported for same variable in Table 
2.7-3, with particular credence given to autonomy 
and ownership, under the auspices of active 
learning. 

5 BS4SHCEI Conduct an 
experiment or 
investigation 

Positive – collaborative learning, social 
constructivism, constructionism, scientific method, 
talk, discussion and argumentation.  Similar 
qualifications concerning the style of experiment as 
noted in Table 2.7-3 (Variable 5). 
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Table 2.7-4: TIMSS G8 experiences in SCIENCE lessons (Continued) 

Student Variable (S) 
Teacher Variable (T) 

Description Anticipated association with achievement 

Learning environment  

6 BS4SHWGO Work in a small 
group on an 
experiment or 
investigation 

Positive – collaborative learning, social 
constructivism, talk, discussion etc. as noted for G4 
science in Table 2.7-3 (Variable 6)   

7 BS4SHWPO Work science 
problems on my own 

Generally Negative – as noted in Table 2.7-3 where 
working on own is a primary approach to learning. 
Scope for some positive outcomes through 
‘consolidation and practice’ as cited in Cockcroft’s 
recommendations. 

8 BS4SHLSP Listen to the teacher 
give a lecture-style 
presentation  

Generally Negative – much as noted in Table 2.7-2: 
TIMSS G8 experiences in MATHS lessons with 
high levels of lecture-style at the expense of other 
reform-based practices.  As in mathematics, the 
students’ interpretation of ‘lecture-style' may equate 
with whole-class-teaching of an interactive nature, 
in which this case a positive association with 
achievement would be anticipated in line with 
reform practice of interactive learning opportunities.

Contexts  

9 BS4SHMDL Relate what they are 
learning in science to 
their daily life 

Positive – social and cultural constructivism, 
relational understanding etc. for the same reasons as 
noted in Table 2.7-2 

10 BS4SHROH Review our 
homework 

Positive – links to literature on feedback, discussion, 
relational understanding, conceptual links, 
exploratory talk, and argumentation.  
Arguments presented for AifL practices and the 
importance of feedback on work tackled, noting the 
‘type of feedback’ will have a bearing on the final 
outcomes. 

11 BS4SHHQT Quiz or test 
Positive – linking to literature on affective value, 
feedback, discussion, relational understanding, 
conceptual links, exploratory talk, and the principles 
of AifL as outlined in Table 2.7-2.   
Similar qualification on ‘tests’ is applicable in 
science, where they may inhibit levels of students’ 
confidence and will not necessarily be positively 
associated with achievement.   

 

Models of student’s achievement that incorporate those variables will provide 

empirical evidence of their effect, and will either support or refute the claims stated in 

literature and policy documentation.  Similarities and differences across disciplines and 

stages will also be highlighted, providing evidence of association between practice and 

achievement to inform practitioners and policy makers as next steps in curricular review and 
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development are progressed.  Findings will be indicative of policy effectiveness, highlighting 

where more focused studies might be targeted to go beyond the student-perspective and to 

probe policy initiatives through more direct routes, recognising the limitations of TIMSS2007 

data that fails to necessarily ask the most pertinent of questions. 
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3. Methodological issues related to survey design and 
analysis 

A number of methodological issues and methods of data analysis are influenced by 

the sampling design and data structure of the surveys.  Working with secondary data offers 

distinct opportunities and benefits to analysts who can take advantage of the large-scale data 

collection that has been rigorously undertaken and compiled into user-friendly data sets.  

However, the same data presents challenges to analysts in that ����� questions have not 

necessarily been asked and only indirect measures of problems may be available for analysis.  

An additional issue, beyond the fact that all desired information may not have been 

collected, concerns missing data.  Data can be missing in surveys through non-response, but 

also as a result of the survey design implemented by primary researchers.  In this section I 

will first outline the broad issues surrounding missing data before discussing the practical 

implications of missingness within the design and data collection phases of TIMSS2007.  

Finally I will summarise the theoretical approaches used to analyse the surveys, providing 

details of a new multilevel plausible value method of analysis that is subsequently compared 

with a range of existing methods of analyses, each of which will be evaluated on empirical 

grounds in the latter part of my dissertation. 

3.1. Missing data 

In its simplest sense, data can be missing as a result of respondents failing to 

complete what is asked of them.  This could be on a major or minor scale.  First, a major loss 

of data comes as a result of a sample unit failing to respond or to complete any of the items 

included in the survey.  The units of interest in TIMSS2007 are students, teachers and schools, 

each of whom feature as sample units in the survey with questionnaires administered at each 

level.  Accordingly, this type of missing data is referred to as ����	�
�����

���.  Second, 

and arguably a less major situation is where the unit may respond to the questionnaire 

incompletely.  This is referenced as ����	�
�����

���, where some questions, but not all, 

are answered for a particular unit in the selected sample.   

A more complex situation of missing data comes as a result of survey design.  In 

TIMSS2007, the data collection is restricted to limit the time and cognitive demands made on 

individual students.  Researchers are not interested in reporting on the particular students 

(units) in the sample but in the population of students for which the observed students are 

deemed to be representative.  From the researcher’s perspective, any student (unit) in the 

population could have been used to generate the data, and could therefore take the place of 
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each unit in the observed sample; students are exchangeable.  In drawing conclusions on 

population statistics it is residuals that are of interest, and residuals are exchangeable.  A 

consequence of this design decision is that there will only be imputed data or 
��������	

������	as cognitive measures or achievement scores for individual students.  This situation 

presents a variant on missing data, with an incomplete data set through design rather than 

non-response.  What is important for subsequent analyses is that the concept and nature of 

missing data has to be understood and suitably addressed by analysts if survey data are to be 

evaluated and interpreted in an appropriate manner.   

Sinharay ��	��� (2001) identify three ways that missing data arise in studies.  These 

are categorised as ‘missing completely at random’ (MCAR), ‘missing at random’ (MAR), 

and ‘missing not at random’ (MNAR).  Missing data would be categorised as MCAR if the 

probability of a missing response is independent of all the measured and unmeasured 

characteristics of the individuals in the study.  Responses are categorised as MAR if missing 

responses do not depend on the missing values; missingness may, however, depend on other 

characteristics of the individual.  In those two cases where data are MCAR or MAR, 

satisfactory techniques are available for analysts to make good estimates of model 

parameters.  The most problematic type of missingness, in terms of statistical analysis, are 

those data deemed to be MNAR.  Statistical assumptions that rely on the random nature of 

responses do not hold when it is known that missingness is related to the value sought.  For 

instance, if missing cognitive values were not observed because of a lack of confidence or 

low self-esteem from a group of respondents, then it can be claimed the missing data are 

related to the value that would have been observed and the data are ‘missing not at random’.   

Given an incomplete data set as a result of non-response there are broadly three 

ways to approach the statistical analysis.  First, the analysis could be restricted to complete 

cases only.  This ‘complete case’ analysis would only use those cases that contained 

complete information on all of the variables included in the study.  Complete case analysis 

results in a reduced data set that makes the exercise inefficient, but for the statistical analysis 

to provide valid results it also relies on the assumption that missing cases are MCAR.  If that 

assumption of MCAR is violated the complete case analysis, or listwise deletion method, can 

lead to biased results.  A second approach is to use any available data; deleting cases if and 

only if the variable of interest is missing.  This method of ‘pairwise deletion’ will not include 

a particular variable when it has a missing value, but it can still use the case when analysing 

other variables with non-missing values.  Pairwise deletion usually has fewer deletions than 

‘complete case’ analysis, dropping only those cases that are missing values on the particular 

variables being studied. It will provide valid results only if the MCAR assumption is 
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satisfied.  As above, violation of that assumption will run the risk of analyses being 

inaccurate.  Pairwise deletion, that bases its results on more data than complete case analysis, 

would appear to offer a more accurate analysis but in some ways this belief is misplaced 

because different estimates can be based on different cases, making it difficult to have an 

overall interpretation of analyses that are dependent on correlations within the data.  A third 

approach is to consider substitute data when confronted with an incomplete data set.   

3.1.1. Imputation 

This practice of imputation, or ‘filling in’ missing data with plausible values, is 

widely recognised as an attractive way of handling incomplete data (Little and Rubin, 1987; 

Rubin, 1987; Schafer, 1999 & 2003; von Davier ��	���, 2009; Mislevy ��	���, 1992a).  At its 

most basic, the strategy involves a single imputation for each missing value to generate 

complete data.  These imputed values are inserted to allow analyses to be carried out using 

the usual statistical techniques for complete data.  A range of imputation strategies can be 

used to identify credible values for the missing data, each with its limitations but overall 

facility to generate complete data.  Typical examples of imputation strategies include: 

� ����	����������
� where all the missing values for a variable are replaced by the 
mean value in the observed data for that variable  
(valid estimate of mean; underestimates variation.  Intuitively, the single imputation 
must underestimate the variance since all missing values are given the mean value 
with no further variance included.) 

� �
�	����	��
�����
�	 where each missing value is replaced by an observed value 
from a randomly chosen case that is similar to the case with the missing value  
(preserves marginal distributions; difficult to implement where there is more than 
one missing variable)	

� ��������
�	����������
�		where all the missing values of a data set are replaced by the 
predicted value of that variable from a regression analysis based on the complete 
cases  
(valid estimate of mean parameters; underestimates variance parameters because the 
method does not assume a residual error around the regression line) 	

� ��
�������	��������
�	��
�����
�	where all the missing values of a data set are 
replaced by the predicted value of that variable from a regression analysis based on 
the complete cases plus a random residual term  
(a better procedure and an improvement on regression substitution ) 

The first two imputation strategies above do not rely on distributional properties of 

the data but the latter two above, rely on aspects of the distribution such as the mean and 

variance parameters that define a suitable model of the observed data.   

Sinharay ��	��� (2001) propose further ways of handling missing data and introducing 
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substitute values through imputation strategies that use either maximum likelihood 

estimation (MLE) or Bayesian estimation as a means to generate complete data distributions.  

A key difference between these two strategies and those mentioned above is that the MLE 

and Bayesian methods estimate the parameters of interest without any requirement to create 

a complete data set in the first place.  They assume data are MAR and use a formal 

probability model to make inferences on units with missing data.  Inference is based on the 

observed data likelihood that links the observed data and the parameters of interest.  It is 

worth noting at this point that these methods are equally applicable to the second type of 

missing data, where incomplete data is through design rather than non-response as witnessed 

in TIMSS2007.   

3.1.2. Maximum likelihood estimation 

For maximum likelihood estimation, the task is to find the global maximum value of 

the parameter vector for the likelihood function based on observed data.  The likelihood 

function ������, represents the likelihood of parameter � given observed data � ; essentially 

the reverse of the probability density function that specifies the probability of observing data 

� given the parameter �: 

������ 	 ��� 	 ��
� ��� 
 � ������ 	 �
��
�����������
�������� 	 ���������
�

��

 

The maximum likelihood estimation (MLE) is a method to find the probability density 

function (PDF) that makes the observed data most likely.  To simplify the computational 

demands that are associated with that product of probabilities, the ML estimate is obtained 

by maximising the log-likelihood function, �� �������� Assuming the log-likelihood function 

is differentiable, the maximum values for � will be determined from solutions to the 

likelihood equation: 

� �� ��������� 	 � 

where �� 	 ������  for all � 	 �� 
 � �.  In practice, however, it is not always feasible to obtain 

an analytical solution for the MLE estimate, especially when the model involves many 

parameters and the PDF is complex.  The MLE is therefore more normally found through 

computer calculations that pursue an approximate numerical solution using iterative 

procedures.   

One currently popular procedure to find solutions for ML estimates when dealing 

with incomplete data is the Expectation-Maximisation (EM) algorithm. This algorithm, 

attributed to Dempster, Laird and Rubin (DLR, 1977), is deemed to be efficient in terms of 
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computer storage and ease of programming, and reliable in identifying global maximums.  

DLR (1977) presented the EM algorithm as a general technique for finding MLE from 

incomplete data.  The two step algorithm, involves an initial estimate (‘E’ for expectation) 

that allows incomplete data to be ‘filled in’ on the basis of the identified parameters, which 

in turn permits a complete-data solution to identify a new estimate (‘M’ for maximisation 

step).  Missing data are then re-estimated using the new parameters to generate a second 

complete-data solution, repeating in an iterative fashion until the parameter values converge 

to the point where there is no real change. 

When data are missing, we can partition ��� �� 	 ��!"#� �$�#� where �!"# includes 

the observed components of��, and �$�# includes the missing components of��. EM finds the 

ML estimate of � from observed data only, the likelihood function for � given observed 

data:��� �����!"#�.  The algorithm then iteratively maximises the log-likelihood 

function,��� ������, using complete-data methods.  If �� �����!"#� is bounded, the sequence 

of �� �%��&�'�!"#( values converge to a stationary value of���� �����!"#�, where the 

superscript (�) denotes values obtained at the �th iteration.  This value is used as input for the 

next iteration. In summary, each iteration consists of two steps: the ‘E-step’ finds the 

expectation of the missing data through sufficient statistics to model the density function; 

and the ‘M-step’ finds the best value for the parameter � using complete-data ML 

techniques.   

3.1.3. Bayesian estimation 

In Bayesian estimation, information about unknown parameters is expressed in the 

form of a posterior probability distribution of all the unknown parameters.  Bayes’ Theorem 

for a continuous parameter � and data points represented in a vector ) is: 

*���)� 	 *�)���*���+ *�)���*���,� 

This is often expressed in proportional terms by taking the denominator out as a 

constant of proportionality to give:   *���)� - *�)���*���  which gives rise to the 

Bayesian mantra: 

�����
�	��	
�


���
���	�
	���	
��
�	�����	���	�������

�	

On the right hand side we have the likelihood PDF *�)��� multiplied by the prior 

density function�*���.  This representation highlights the precise nature of Bayesian 

inference, and how it differs from frequentist inference.  The frequentist approach is to work 

with a fixed (but unknown) property of a population (say parameter ���and to randomly 

select sample data��.  Repeated random samples will give different  � and different sample-

based estimates of��, each denoted by��. 	 �/���; a notational form that stresses estimates of 
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parameters are functions of data. The distribution of values of �/ that results from repeated 

application of the sampling process gives the sampling distribution of��/.  The standard 

deviation of that sampling distribution of  �/  is the standard error of��/.  In summary, for 

frequentist inference, parameters are ����� and data are considered as ����
�.   

In contrast, the Bayesian model is founded on parameters being ����
� variables 

determined by �����	observed data; the randomness of the model being summarised by the 

posterior density function *���)��  Bayesian procedures are centred on what we know or can 

say about  � in light of the data available for analysis.  The Bayesian approach is sequential, 

in that the posterior findings can then be used as prior beliefs with new data. The computer 

software for Bayesian analysis uses the sample-based estimate �/��� as a helpful starting 

point in computing the posterior distribution for��, but other than that, this estimate has no 

special place in Bayesian procedures.  Indeed the roles of � and �/ in Bayesian analysis are 

reversed in comparison to the frequentist approach, with � being ����
� as far as the analyst 

is concerned, i.e. parameters are ����
�	and data are considered as	�����.  The uncertainty of 

the value of � is ultimately only computed via simulation.  This is one of the attractions of 

the Bayesian framework, as it provides a means to tackle complex problems that do not lend 

themselves to direct analytical solution.  Analysis is by simulation, with pseudo-random 

draws made from the prior distribution.  Reference to pseudo-random draws is necessary 

because computer generated random numbers follow a deterministic pattern that calls into 

question the truly random nature of the draws from the distribution.  The pseudo-random 

label is used to signify the number generator only provides approximately independent 

draws.  However, in all practical applications where a large number of samples is considered 

any function of the sampled values will be arbitrarily close to the corresponding feature of 

the distribution. 

3.1.4. Markov Chain Monte Carlo 

Markov Chain Monte Carlo (MCMC) is a collection of techniques that generates the 

required pseudo-random draws from probability distributions.  The essential idea in Monte 

Carlo methods that is applicable to Bayesian computation hinges on the �
���	����
	


�����
���		

anything we want to know about a random variable � can be learned by 
sampling many times from�����, the density of��.  (Jackman, 2009: 133)  
 

With the increasing availability of computer memory and speed of processing, the 

reference to ‘many times’ can readily be accommodated. A larger number of samples 

equates to greater precision in the estimates, a feature that makes the Monte Carlo method 
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simulation-consistent.  The technique itself is not new, with examples of Monte Carlo 

methods being used well before the availability of computers.  For example, Hall (1872) 

presented a short paper on an experimental determination of �, using a long run of ‘Buffon’s 

needle experiment’ to estimate the value of �. The larger the sample, the better the 

approximation, with the probability determined through a long run of experimentation 

getting increasingly closer to the analytic solution that made use of calculus.  See Appendix 

3.1: Buffon’s needle experiment for full details. Monte Carlo methods are equally useful 

whether or not the posterior distribution is of a standard form – indeed learning about non-

standard functions of parameters is where its strength lies.  This makes the method well-

suited to problems in the social sciences where the posterior distributions tend to be non-

standard and difficult to work with analytically.  If random samples can be drawn from the 

prior density then Monte Carlo methods can generate simulation-consistent information 

about the prior. This technique shifts the problem from being mathematically complex to an 

easier problem of how to draw a large number of samples, and back to the Bayesian mantra: 

���	

�����
�	�����	
�


���
���	�
	���	
��
�	�����	���	�������

�.  	

When no strong prior information is known about � it is common practice to assume 

a uniform distribution over an appropriate range of values as a non-informative prior 

distribution. This avoids the introduction of bias that might result from imposing a structure 

that does not fit the data.  It is also an entirely reasonable starting point from a Bayesian 

perspective, where analysis rests on the observed data with an assumption of prior ignorance. 

In the standard linear regression model there are essentially three parameters to be 

estimated as one strives to generate samples from the distribution �*�01� 0
� 23����.  The 

default priors utilized in MLwiN when MCMC estimation is used are ‘diffuse’ or ‘flat’ for 

all parameters (Browne, 2012: 4)  The default prior for fixed parameters in MLwiN is 

*�0� - �.  This ��
�

��	uniform prior is equivalent to a 
�

�� Normal prior	with a very 

large variance; i.e. an extremely diffuse distribution.  It is an ��
�

�� prior distribution 

because it does not integrate to 1 and is therefore not a true probability distribution, but the 

resultant posterior distribution will be a 
�

�� distribution.  The default prior for scalar 

variances is,�*� 
45�67�8� 8�, where 8 is very small.  This 
�

�� prior is more or less 

equivalent to a Uniform prior for��9:��2��.  When MCMC estimation is extended for 

multilevel models additional steps are added to the algorithm.  The most notable addition is 

the level 2 variance matrix that is updated by drawing from its inverse-Wishart full 

conditional.  The MLwiN default prior for variance matrices is�*�;<
�6=>?@ABCD�E� E� ;.�, 
where p is the number of rows in the variance matrix and ;. is an estimate for the true value 

of�;.  The first parameter, which represents the sample size on which the prior belief is 
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based, is set to the smallest possible value so that this prior is only weakly informative. The 

estimate ;. will be the starting value of ; (usually from the Iterative Generalised Least 

Squares (IGLS) estimation routine as cited above) and so this prior is essentially an 

���
������� prior.  Indeed, starting values for each parameter are ������ before MCMC 

estimation can be started.  For example the ML estimates generated through IGLS procedure 

are used by MLwiN as good starting values for�01���� 0
����F,�23����.   
When prior beliefs are diffuse or uninformative as outlined above, the observed data 

likelihood will dominate the posterior distribution of the parameters – as intended within 

Bayesian inference.  When prior information is available it will be incorporated into the 

posterior, but if priors are stated too precisely relative to the data, then the likelihood has less 

of a contribution and this could lead to the data being largely ignored.  This is counter to 

intended Bayesian inference which is why there is such an emphasis on working with diffuse 

prior distributions.  The ML estimates merely give a starting point for MCMC technique to 

be followed through and are not as such imposing a strong prior function.   

As discussed above, the Monte Carlo methods let us learn about a random variable 

by sampling many times.  The Markov Chain component of MCMC provides the random 

process to the method.  A Markov process or Markov Chain is a random process or sequence 

of events that satisfies the following definition provided by Jackman (2009: 172): 

Let G�&H be a stochastic process, a collection of random variables 
indexed by time, t.  If the stochastic process has the property that IBJ��&KL� 	 �'�# 	 M#�  N OP 	 IBJ��&KL� 	 �'�& 	 M&P � Q�� R � 
Then the process is said to possess the Markov property, and any 
such process is said to be a Markov process or Markov chain. 
 

Essentially this definition stipulates conditional independence; whereby predictions 

on future outcomes are only dependent on the immediate past and do not depend on earlier 

states in the process.  Applied to the sampling process in MCMC, a Markov Chain is a 

random process such that it visits locations in the parameter space with frequencies 

proportional to the probability of those locations as predicated by the posterior density 

distribution, *���,�O��.  A Markov Chain with this property is said to be ���
���� a process 

in which every sequence or sizeable sample is equally representative of the whole.  Although 

the samples are not strictly independent, the ergodic theorem or law of large numbers for 

Markov Chains means that averages ST 	 
U V S%��&�(U&�
  taken from the Markov Chain 

output are simulation-consistent estimates of the posterior distribution.  No matter where you 

start the Markov Chain, so long as it runs for long enough, it will eventually generate a 

random tour of the parameter space, proportionally visiting locations as befits the posterior 

distribution.  This lead phase of the chain is known as the ‘burn-in’ time, iterations that are 
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discarded from the sample to allow the chain to settle down before sampling from the data-

driven posterior distribution.  In MLwiN the default burn-in period is 500 iterations, after 

which the chain will have converged to its equilibrium distribution.  Diagnostic checks can 

confirm whether a longer burn-in is desirable, for instance in cases where there is still 

evidence of auto-correlation or indicators that the full sample space is not as yet being 

included in the chain.  If we want several samples we can (i) repeat the process (ii) take 

consecutive samples after the burn-in time or (iii) extend the random walk through further 

iterations and record every �th-step as a sample.  The third method will result in 

approximately independent samples from � if �	is sufficiently large; the second method will 

not produce independent samples (Lebanon, 2006).  However, Monte Carlo methods in 

conjunction with Markov Chains let us learn about a random variable even when the samples 

from the distribution are not strictly independent, but ‘auto-correlated’ with subsequent 

terms serially dependent.  This was a feature of the technique that particularly interested 

Andrey Markov (1856-1922), more so that any application of his model, as he showed that 

independence was not necessary for large numbers. 

Bayesian modelling in MLwiN uses a combination of two Markov Chain Monte 

Carlo (MCMC) procedures: Gibbs sampling and Metropolis-Hastings sampling.  Gibbs 

sampling from a joint posterior distribution breaks the task into stages, sampling from 

conditional posterior distributions in turn to simulate new values for the parameters 

assuming current values for the other parameters are true.  This process completely 

characterises the joint posterior function.  Taking the same example as cited above for a 

standard linear regression model, the aim is to generate samples from the distribution  

*�01� 0
� 23���� to specify parameters of the distribution that will serve as ‘priors’ in 

subsequent iterations. The steps involve successively drawing from the conditional 

distributions until all parameters or sub-vectors are updated from their initial values 

determined by ML estimates (using IGLS).  For the standard linear regression we have initial 

ML values for 01���� 0
��� and 23����� and set out to find 01���� 0
��� and 23���� from their 

respective conditional distributions that take account of the latest estimate for each parameter 

on subsequent steps: 

01����6�*%01'�� 0
���� 23����( 

0
����6�*%0
'�� 01���� 23����( 

23�����6�*%23�'�� 01���� 0
���( 

After a full set of parameters are drawn the process is repeated to obtain 01�O�� 0
�O� 
and 23��O� and so on.  The sequence of samples ��O�W O 	 ����X� 
  forms a Markov Chain 

where every new value generated for a parameter only depends on its previous values 
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through the last value generated, ��O Y ��. The Markov Chain has a stationary distribution 

equal to � for large �. 

Metropolis-Hastings sampling is a more general MCMC estimation method.  

MCMC estimation methods generate new values from a 
�


��� distribution that 

determines how to choose a new parameter value given the current parameter value. The 

proposal distribution under Gibbs sampling is the posterior distribution, with each new value 

accepted as the estimate for the next iteration – a special case of the Metropolis-Hastings 

sampler where every proposed value is accepted.  The general model either accepts the new 

estimate for the next iteration or rejects in favour of the current value for the next iteration. 

The plausibility of the proposed parameter value relative to the current value is assessed 

though an acceptance ratio as detailed below.  In MLwiN (Browne, 2012), the Metropolis-

Hastings sampler uses Normal proposal distributions centred at the current parameter value. 

To illustrate how the updating procedure works for the parameter 01 at time�O,�01�O�, in the 

Normal variance components model we have three stages:   

� Draw 01Z from the Normal proposal distribution  01�O�6[�01�O Y ��� 2\�� where 

2\� is variance of the proposal distribution.   

� Define acceptance ratio 

]& 	 *�01Z� 0
�O Y ��� 23��O Y �����*�01�O Y ��� 0
�O Y ��� 23��O Y ����� 
and let �& 	 ^>����� ]&� be the acceptance probability.  A proposal distribution 

with small variance (2� _ �� will have strongly correlated consecutive samples 

and a high acceptance probability.  Increased variance would reduce the 

correlation between consecutive samples but would also reduce the acceptance 

probability.  

� Accept the proposal of 01Z for 01�O� with probability �&,  
otherwise let 01�O� 	 01�O Y ��, with no change to the parameter 

The acceptance rate is inversely proportional to variance of the proposal distribution, 

a feature that presents a challenge when using Metropolis-Hastings algorithms in setting an 

appropriate proposal variance i.e. finding a ‘good’ value for�2\� .  Extremes on the continuum 

are to be avoided:  

Firstly choosing too large a proposal variance will mean that proposals 
are rarely accepted and this will induce a highly auto-correlated chain. 
Secondly choosing too small a proposal variance will mean that although 
we have a high acceptance rate the moves proposed are small and so it 
takes many iterations to explore the whole parameter space again 
inducing a highly auto-correlated chain.  (Browne, 2012:18)   



83 
 

 

In most situations the missing values cannot readily be resolved analytically and so 

alternative methods are used to estimate the parameters.  The Expectation-Maximisation 

(EM) algorithm is used for maximum likelihood estimation, and Markov Chain simulation 

methods are used in computing Bayesian estimates.  Computer software has been developed 

to support both types of calculation that lead to the identification of suitable estimates for 

parameters of interest.  For example in MLwiN, the Markov Chain Monte Carlo (MCMC) 

method can be used to estimate the parameters of the posterior distribution, where the 

Markov Chain’s equilibrium distribution is used as a sampling point for the desired 

distribution.  The challenge for analysts is to determine how many steps (iterations) are 

needed to converge to the stationary distribution that will provide those statistics with an 

acceptable margin of error. A range of diagnostic tools are available to assess the trajectories 

of the likelihood trace and parameter estimates, and both convergence and accuracy 

diagnostics.  These will be discussed in the analysis section where actual values, graphical 

distributions and accuracy statistics can be used to illustrate the findings and the margin of 

error reported through MCMC methods.  

3.1.5. Single imputation 

Inferences about the parameters are made by looking at the features of the posterior 

distribution.  However, inferences based on a single imputation tend to underestimate the 

inherent variation and as Rubin (1987) points out, will be too ‘sharp’, since that extra 

variability due to the unknown missing values is not taken into account.  For example in a 

simple random sample with no covariates, complete data estimates can follow from the 

statement that ��T Y �T� is normally distributed with mean zero and variance  � `
� Y 
ab�� 
where sample variance is based on a finite sample with:  

F 	  �c*de� �fe �T 	  �c*de�ce�F  � 	  �c*de�g�]��Fhe [ 	 *i*jd�O�iF� �fe �T 	 *i*jd�O�iF�ce�F 
 

Because there are missing data in the sample due to non-response, there will be say F
 

observed values within the sample of�F, that have a sample mean and variance of��T
�A�k� 
�.  

Standard inferences for �T are therefore based on the statement that ��T
 Y �T� is 

approximately normally distributed with mean zero and variance 
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� l �F
 Y �[m 

But if the best prediction values of the missing � are imputed using ����	����������
�	then 

each missing �	is the mean of the observed sample mean,	�T
.	 The overall mean for the � 

values is��T
, with F
 observed values having mean	�T
 and the remaining �F Y F
� imputed 

values each being��T
.	 The sample variance for all � values is therefore  

 
� lF
 Y �F Y � m 

given that the imputed values will have zero variance, leaving all of the variance as based on 

the F
 observed values.  This can be shown through the following calculations: 

With    � 	 V �no<nT�5pq �<
   and    
� 	 V �no<nTq�5pqq �q<
  , giving   

r��� Y �T
��
�q



	 �F
 Y �� 
� 

Since  V ��� Y �T���
  reduces to V ��� Y �T
���q
   plus the zero values for the remaining 

�F Y F
� imputed values that are equal to��T
, the variance calculation becomes:  

 � 	 V ��� Y �T
���q
 F Y � 	  
��F
 Y ��F Y � 	  
� lF
 Y �F Y � m 

 as above.   

The estimate of population variance of �, when based on these best prediction values 

for each missing �, is too small by the factor��`�q<
�<
 b.  

Rubin concludes that the variance of ��T Y �T�, based on the data set being completed 

by mean substitution imputation, is therefore  
� `
� Y 
ab `�q<
�<
 b , which in comparison to the 

actual variance of  �T
 is too small by a factor of `�q� b�, for large values of  F
 and a�q  (Rubin, 

1987: 14).  Using a single imputation is not recommended as it will not lead to correctly 

centred inferences or interval estimates of the population mean��T.  The recommendation is 

therefore to consider multiple imputations. 

3.1.6. Multiple imputation 

The use of multiple imputation (MI) is merely an extension of single imputation, 

with a prime goal of reducing the variance in parameter estimates that is due to the missing 

data values.  The use of MI was first proposed by Rubin in 1978 and further developed by 

him in the context of large sample surveys (Rubin, 1987).  The basic concept is to have a 

mechanism that will generate a set of plausible values for each missing value.  Rubin 
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discusses the use of m imputed sets, where ^ R �, with resultant statistics combined using 

techniques to give parameter estimates and standard errors that address the earlier concerns 

of estimates being too ‘sharp’.  This is achieved by factoring in an additional variance 

component that takes into account the uncertainty due to the missing data values; the total 

variance combines two components to reflect the ���������
�����
� and the ��������

��
�����
� variance.  The formulae used by Rubin (1987) and Schafer (1999), referred to as 

Rubin’s Rules, are detailed in Appendix 3.2: Combining multiple imputations using Rubin’s 

rules. 

Rubin goes on to show that only a small set of replacement values is necessary, with 

little benefit accrued from increasing the size of that set beyond five.  For example, with up 

to 30% missing information, 94% efficiency in estimation is achieved with five imputations 

(^ 	 s); for the same level of missing information with ten imputations, the efficiency only 

increases to 97%.  Any increase in the number of imputations carries a significant workload 

in generating and combining the resultant statistics, hence Rubin’s argument that just three to 

five imputations are sufficient to obtain accurate results in any MI process.  The justification 

for this conclusion is as reproduced in Appendix 3.3: Efficiency of using �	imputations.  An 

illustration of computational processes is included in Appendix 3.4 

3.2. Survey design 

Three key strands emerge from the survey design of TIMSS.  First the sampling 

design makes use of the hierarchical structure of data in education as it seeks to secure 

representative samples of students across and within nations.  The use of hierarchically 

structured data in the surveys presents potential difficulties for analysts who must take 

account of that sample design when selecting methods and software to analyse and interpret 

the findings.  Second, analysts must take into account the matrix-sample design used to 

assign tasks and questionnaires to those included in the sample.  The matrix-sampling 

technique presents incomplete data at the individual level.  The missing data needs to be 

handled appropriately, with imputation techniques used to generate complete-data sets that 

thereafter allow analyses using standard approaches. The final issue related to survey design 

concerns the structure of data gathered through questionnaires. At the data collection stage, 

many questions are presented with optional responses on either an ordinal or polytomous 

scale; subsequent analyses rely on combinations of such responses.  To avoid over-

simplification and potential loss of data, analysts can consider a re-scaling of these data as 

discussed below. 
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3.2.1. Clustered data and hierarchical models 

The basic configuration of the target populations from which the samples are drawn 

is highly structured with students identified for inclusion by country, stage, school and class.  

Within each country there are two target populations represented by age and stage, with 

samples drawn to represent the national equivalent of students in G4 and G8.  These stages 

reflect the number of years of formal education and also satisfy the requirement for students’ 

mean age at time of testing to be at least 9.5 and 13.5 years respectively.   

To obtain accurate and representative samples, a two-stage stratified sampling 

procedure is deployed whereby schools are randomly sampled with probability proportional 

to size as the first stage, and then usually one intact class, occasionally two or three classes 

of students, are sampled at the second stage.  All students in selected classes are assessed.  

At first sight the structure of the TIMSS data sets appears to be a nested hierarchical 

relationship of units, with students identified as the atomic unit.  On closer inspection some 

students are associated with more than one teacher and as such are included as multiple 

cases.  For instance in TIMSS2007 at G4 there are 4560 student cases in 139 schools with the 

structure and composition as displayed in Figure 3.2-1. 

Figure 3.2-1: All G4 Student Cases and Teachers (Mathematics and Science) 

 

School (n=139) 

2 Teachers  
(n=65) 

# Schools = 27 

# Students = 1062 

1 Teacher  
(n=221) 

# Schools = 123 

# Students = 3348 

3 Teachers  
(n=7) 

# Schools = 2 

# Students = 150 

Student Cases 
(n=4560) 

# Schools = 139 

# Teachers = 287 
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Students have multiple teachers because of a separate input for mathematics and 

science, but also because of a job share or some other arrangement that results in having 

more than one teacher for mathematics and/or science.  For the analyses of TIMSS2007 the 

data sets were split by discipline.  The duplicate and redundant student cases were dropped 

to generate a reduced data set that had a simple hierarchical structure with one teacher 

aligned with each student.  The full details of this structure for mathematics and science 

instruction at G4 is presented in Appendix 3.4.  

The primary analysis as set out in 3.3.2 takes plausible value as the atomic unit, 

creating a four-level hierarchical structure of repeated scores of achievement within student 

cohorts, which are then nested within teachers and within schools, as illustrated in Figure 

3.2-2. 

Figure 3.2-2: General hierarchical structure of data with plausible values at lowest level
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weighted average of the plausible values, applying the total student weight (TOTWGT1) for 

those within-country analyses. 

Models of achievement scores are built up to include a range of explanatory 

variables at student, teacher and school levels of analysis.  The findings reported in Bidwell 

& Kasarda (1980), Hattie (2009), Hopkins (2000), Leithwood ��	��� (2008), and Yair (2000) 

all contribute to and influence the conceptual model and subsequent analyses of data at 

student, teacher and school levels of TIMSS2007.   Yair’s conceptual model of ‘Engagement 

and Alienation from Instruction’ (Yair, 2000: 250) separates background characteristics and 

external influences from the school effects of curriculum and instruction.  A similar 

breakdown is pursued within the current TIMSS2007 data set that includes background data 

from students, teachers and schools.  The potential associations as outlined in theoretical 

frameworks of Chapter 2 are explored through relevant variables in EDA of questionnaire 

responses in Chapter 4.  Distinctions are drawn between home and school characteristics as 

control variables, as well as acknowledging contributions related to personal and academic 

experiences, the latter reflecting on ‘traditional’ and ‘reform’ pedagogies as discussed in 

Chapter 2.  

Given the split between the responses from the teachers of mathematics and science 

the selection criteria were different for each discipline.  A complete case data set was 

achieved by filtering out the missing cases for any of the explanatory variables included in 

final models; this decision allowed analyses to be completed on the same cases within the 

nested structures and to evaluate contribution of explanatory variables according to the 

achievement model for mathematics or science respectively. 

The resulting student sample presents a complex structure with students clustered 

within classes, within schools, within countries.  This clustered, hierarchical structure must 

be taken into consideration when analysing the data.  A major consideration when analysing 

clustered data is that the observations within a cluster cannot be assumed to be independent.  

Students in the ����	����� will generally have similar learning and teaching experiences; 

students in the ����	���

� will have similar characteristics as based on geographical 

location, school composition in terms of socio-economic status and school culture or ethos; 

students in the ����	�
����� will have similar experiences to one another in terms of cultural 

and political influences, and policy initiatives pursed in education.  Students in those clusters 

will be more like each other than like other students in the target population, so sampling one 

intact class of 25 pupils will provide the researcher with less information per student than a 

similarly sized random sample of students drawn from across all students in the target 

                                                      
1 A discussion of weights is developed in section 3.2.3 
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population.  The degree of similarity within each cluster, be it at class, school or country 

level, can be measured by the intra-cluster correlation coefficient (ICC), which 

acknowledges and quantifies the similarities of characteristics and experiences of students 

selected for inclusion in the study.  Any disregard for the special characteristics of the 

sample design will tend to underestimate the true sampling variability, leading to confidence 

intervals that are too small, biased estimates and incorrect interpretation of associations 

between variables (Beaton, 1987; Beaton and Zwick, 1992).   

Clustered data imply a hierarchical structure that can be analysed at various ‘levels’.  

In TIMSS2007, the data structure permits several levels of analysis (student-, teacher-, school- 

and national-levels are the obvious starting points) and presents considerable opportunities to 

explore the interrelationships among variables at any level.  These analyses, generically 

called multilevel analyses, will take student’s achievement score as the outcome measure at 

the lowest level of data in the study.  The multilevel data analyses aim to assess the effect of 

student’s actions and classroom experiences on achievement measures.  Similarly, an 

analysis of teachers’ practices, and school or national policies, can be undertaken to 

determine whether variables from higher levels of the data structure serve as moderators of 

student’s achievement, i.e. providing an explanation for variances between student’s 

achievements.  Multilevel models are designed to analyse variables from different levels 

simultaneously, taking due account of any intra-cluster correlations that impact on estimates 

of variability and resultant interpretation of associations between variables.  Due 

consideration of these issues is acknowledged in 3.3.2, where random-effects regression 

models are outlined as the primary method of analysis.  

3.2.2. Derived variables 

Throughout the analyses a number of derived variables were computed to combine 

existing variables into meaningful and manageable groupings.  These computations ranged 

from simple averages of related variables and indices, to the derivation of new components 

using Principal Component Analysis (PCA).  The former are much as computed by IEA in 

their published derived variables such as used for Students’ Perception of Being Safe in 

School (SPBSS coded as ASDGPBSS).  This derived variable (noting ‘D’ within code) was 

an index code of High, Medium and Low in response to five statements, where High 

corresponded to ‘No’ on all statements and Low was attributed to having three or more ‘Yes’ 

responses to the five statements: 

� Something of mine was stolen (AS4GSTOL) 
� I was hit or hurt by other student(s) (e.g., shoving, hitting, kicking) (AS4GHURT) 
� I was made to do things that I didn't want to do by other students (AS4GMADE) 
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� I was made fun of or called names (AS4GMFUN) 
� I was left out of activities by other students (AS4GLEFT) (Foy & Olson, 2009) 

 
Calculations such as those and any derived variables identified through PCA were 

computed using SPSS. A worked example of how PCA was carried out is included in 

Chapter 4, where eight ‘Home Resource’ variables were reduced to two components plus 

two separate variables retained in their own right.  Kaiser’s Eigenvalue-one criterion and 

Catell’s Scree graph guided the selection of variables as recommended in Tinsley & Tinsley 

(1987).  The principal axis method was used to extract components, followed by a varimax 

(orthogonal) rotation to generate uncorrelated components suitable for inclusion as 

independent variables in subsequent analyses; Varimax rotation is commonly used in the 

social sciences.  Interpretation of findings and composition of components was guided by a 

cut point of 0.4 on factor loadings.  Any factor loading lower than 0.4 was dropped and 

remaining factors were combined with equal weighting.  This resulted in ����
������� scores 

being used as opposed to factor scores – justification and wider discussion of these processes 

are included in Chapter 4 alongside a worked example.  

Where several variables contributed to a component, the scoring mechanism 

comprised an extended categorical scale.  A rescaling mechanism was pursued where there 

were grounds to consider an underlying continuous metric in line with methods promoted by 

Snell (1964).   The theory of this is outlined in 3.2.6 with an illustration of practice in 

Chapter 4.1.4 (Out of school interest and experiences).   

3.2.3. EDA using weighted data 

The two stage stratified cluster sampling design outlined in 3.2.1, started with 

selection of schools, systematically sampled (random start, fixed interval) with probability 

proportional to size (PPS).  The effect of this strategy is that an individual’s probability of 

selection depends on which stratum they belong to, with the first stratum being size of 

school; intact classes are then randomly sampled from the desired target population.  All 

schools in the sampling frame were sorted by measure of size (MOS), an explicit stratum, 

and then sorted by any implicit strata agreed between the country and IEA.  The implicit 

strata in Scotland were school grade (G4 & G8), urbanization (large urban area, other urban 

area, accessible small town, remote small town, accessible rural area, remote rural area), and 

school deprivation index (low, middle, high, unknown), making up a total of 33 implicit 

strata.  School-level exclusions consisted of very small schools (MOS <6), special schools 

and Gaelic schools.  Within schools, exclusions extended to those with special educational 

needs and non-native language speakers.  Given those strata and sampling restrictions the 
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student sample figures for Scotland and comparator countries are as noted in Table 3.2-1and 

Table 3.2-2 for G4 and G8 respectively. 

Table 3.2-1: Population and Sample Sizes (G4) 

Country�
Population Sample Average�Age�

at�Time�of�
Testing�Schools� Students� Schools� Students� Estimated�

population�
Denmark� 1,800� 67,200 137 3,500 59,300� 11.0�
England� 15,300� 608,100 143 4,300 578,600� 10.2�
Netherlands 6,600� 186,900 141 3,300 168,100� 10.2�
New�Zealand 1,800� 56,400 220 4,900 55,100� 10.0�
Norway� 2,200� 60,800 145 4,100 58,000� 9.8�
Scotland� 1,900� 58,100 139 3,900 55,000� 9.8�
Sweden� 3,600� 112,100 155 4,700 94,000� 10.8�

�
Table 3.2-2: Population and Sample Sizes (G8) 

Country�
Population Sample Average�Age�

at�Time�of�
Testing�Schools� Students� Schools� Students� Estimated�

population�
England� 3,900� 636,700 137 4,000 583,200� 14.2�
Norway� 1,100� 62,300 139 4,600 58,800� 13.8�
Scotland� 400� 64,800 129 4,100 59,300� 13.7�
Sweden� 1,500� 125,500 159 5,200 117,300� 14.8�

 

For any international comparisons it is worth noting that the target population in 

Scotland is amongst one of the youngest to be tested at both stages.  That is on top of the fact 

the students have effectively had an ‘additional’ year of schooling, with the sample  drawn 

from Primary 5 and Secondary 2 stages of the Scottish system for the respective G4 and G8 

cohorts; there are seven years of study in Scottish Primary schools before transfer to 

Secondary schools. 

An important feature of survey analysis is that samples are carefully drawn from the 

target population and the sample design needs to be taken into account in order for those 

sample data to accurately reflect population characteristics.  Sampling weights are applied to 

take account of selection, stratification, non-response and any disproportionate sampling of 

clusters.  The samples and estimated populations reported in the tables above have been 

calculated using sample weights that were calculated to account for the selection of each 

student, teacher and school participating in TIMSS2007.   Sampling weights are needed to 

account for the fact that units are selected with differing probabilities. Taking student as the 

unit level, every student’s response is adjusted to reflect the actual proportional presence in 

the target population.   For each student an overall sampling weight was calculated as the 

product of three components – a ���

�	������ calculated from the probability of selecting a 

school from the target population (the inverse of the probability of selection); a class or 
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�������	������ to reflect the probability of that class being chosen within the school; and 

finally a �������	������ for the probability of being selected in the class.  In most cases the 

�������	������ will equal 1 when an intact class is selected i.e. the student is selected with 

certainty. This basic weight is then adjusted as necessary to respond to other sampling 

factors such as non-response, where schools, classes or students are withdrawn and �	
��
�� 

replacement units are substituted to make up the required sample.  Fuller details on the 

processes and sampling criteria that had to be met on first wave and replacement samples are 

well-documented in the TIMSS2007 User Guide (Foy & Olson, 2009).   

The TIMSS2007 data includes several different weights for analysts to choose from 

dependent on type of analysis being completed.  These are set out in Table 3.2-3.  

Table 3.2-3: Weights used in TIMSS2007

Weight� Description�
TOTWGT� Total�student�weight�–�sums�to�the�national�population
SENWGT� Student�senate�weight�– sums�to�500�in�each�country
HOUWGT� Student�house�weight�– sums�to�the�student�sample�size�in�each country2�
SCHWGT� School�weight�
TCHWGT� Overall�teacher�weight�
MATWGT� Mathematics�teacher�weight
SCIWGT� Science�teacher�weight

 

The sum of the sampling weights of all students in a country is an estimate of the 

size of the target population.  Whenever student population estimates are wanted, the student 

sampling weight TOTWGT (Total student weight) must be used to inflate the sample size to 

the size of the population.  When comparisons are made across countries, using TOTWGT 

would result in reporting on a disproportionate number of students if the countries had 

different population sizes, because TOTWGT sums to the target population size of each 

country.  An alternative weighting factor is SENWGT (Student senate weight), a 

transformation of TOTWGT that results in a weighted sample size of 500 in each country.  

Direct comparisons will therefore make sense, with each country treated equally, regardless 

of size differences across the target populations of G4 or G8.  Student’s HOUWGT (house 

weight), another transformation of TOTWGT, ensures that the weighted sample corresponds 

to the actual sample size in each country. If school- or teacher-level analyses are desired then 

the appropriate weighting variable (SCHWGT, TCHWGT, MATWGT, or SCIWGT) should 

be applied prior to higher levels of analyses.  

All of the above is directly applicable for the EDA where TOTWGT was used to 

                                                      
2 House and Senate weight are so called because of the function in the US Congress, where 

the number of representatives in the House of Representatives is based on each state’s population size, 
whereas the Senate gives two seats to each state regardless of population (Rutkowski ��	���, 2010) 
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weight the SPSS data for any descriptive analysis of the data.  Faiella (2010) amongst others 

notes there is broad agreement over using survey weights in descriptive analyses but less 

clarity or consensus on automatically extending that expectation when studying associations 

among survey variables – an ‘analytic use of sample surveys’.  Binder and Roberts (2003) 

suggest that when the analyst is interested in the association between predictors and response 

variable the sample design is assumed to be ignorable, as discussed by Rubin (1976).   The 

Bayesian approach suggested by Rubin is an example of a model-based analysis that relates 

closely to the current study using TIMSS2007 data.  Alexander (1987) comments on the 

theoretical debate over whether survey data weights need to be used at all, especially where 

analysts are making model-based inferences.  One strategy to accommodate weights in 

regression models is to include the variables on which the sampling framework is determined 

as predictors within the model, thereby controlling by proxy for the weights.  However, 

Alexander rightly concludes: 

proponents of weighting would assert that no model will include all the relevant 
variables, and that few analysts will wish to include in their model all the geographic 
and operational variables which determine sampling rates.  It is difficult to object in 
principle with the goal of correctly modelling all relevant variables, including the 
variables relating to sampling. However, the theoretical and empirical task of 
deriving, fitting, and validating such models seem formidable for many complex 
national demographic surveys. Alexander (1987: 188) 
 
The version of MLwiN I used did not directly support inclusion of sample weights 

and although consideration was given to include ‘school size’ as a predictor variable, since 

school size (MOS) was the main criterion in sampling framework, there were another 33 

implicit strata at G4 and 29 implicit strata at G8;  this made the task unrealistic and I 

therefore followed Alexander’s lead and focused on a model-based analysis using Bayesian 

techniques to identify associations between predictor variables and achievement scores 

reported in TIMSS2007.   

3.2.4. Matrix sample design 

A key feature of TIMSS2007 is its use of a matrix sample design when allocating 

research instruments to the selected respondents.  The matrix sample design provides many 

benefits to those managing this education survey.  As with the origins of multiple matrix 

sample design, stemming from research on educational testing by Turnbull, Ebel and Lord in 

the 1950s, the attractions for researchers include the reduced demand on respondents and 

reduced costs in running the survey.  Shoemaker (1973) summarised the statistical 

methodology involved and highlighted processes and guidelines for implementing the 

technique (cited in Gonzalez and Eltinge, 2007). The prime purpose for TIMSS is to 
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generate comparative data on trends in achievement in the context of different educational 

systems, settings and practices without placing excessive burdens on schools or students; it is 

not seeking to report on individual students but rather to comment on institutional and 

national profiles.  A further driver behind using a matrix sample design is that it is infeasible 

and unreasonable for individual students to be asked all possible questions on a range of 

topics. The institutional and national picture that is sought can readily be achieved through a 

matrix sampling approach that solicits only a few responses from each student but maintains 

a wide coverage of content when responses are aggregated across all students.  The methods 

used to summarise the data are detailed in section 3.2.5 below. 

The matrix sample design for the cognitive items at G4 and G8 of TIMSS2007 

comprises 14 blocks for each of mathematics and science.  At fourth and eighth grades, half 

of the blocks contain secure items from TIMSS2003 (to measure trends) and the other half are 

newly developed items for TIMSS2007.  These blocks are combined, as shown in Table 3.2-4 

to form Student Achievement Booklets where each student is presented with one booklet that 

covers a mix of Mathematics and Science items as well as a mix of ‘trend’ and ‘new’ items.  

Broad coverage of the cognitive domains is included in each of the student achievement 

booklets.  The booklets provide coverage of the cognitive framework of TIMSS2007, with 353 

items at fourth grade and 429 items at eighth grade, but the matrix sample design means each 

student is only exposed to an average of 55 and 68 items in the respective stages.   

Table 3.2-4: Composition of student achievement booklets 

Student�Achievement�Booklet� Assessment�Blocks
Part�1� Part�2

Booklet�1� M01� M02 S01 S02�
Booklet�2� S02� S03 M02 M03�
Booklet�3� M03� M04 S03 S04�
Booklet�4� S04� S05 M04 M05�
Booklet�5� M05� M06 S05 S06�
Booklet�6� S06� S07 M06 M07�
Booklet�7� M07� M08 S07 S08�
Booklet�8� S08� S09 M08 M09�
Booklet�9� M09� M10 S09 S10�
Booklet�10� S10� S11 M10 M11�
Booklet�11� M11� M12 S11 S12�
Booklet�12� S12� S13 M12 M13�
Booklet�13� M13� M14 S13 S14�
Booklet�14� S14� S01 M14 M01�

  

Given the random allocation of booklet-to-student the unassessed cognitive items are 

deemed to be missing completely at random (MCAR).  
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3.2.5. Missing data and multiple imputation 

There are two types of missing data in TIMSS2007.  First there are data missing as a 

result of the matrix-sample survey design, and second, there are missing responses to the 

background questionnaires requested of students, teachers and head teachers.   

The first example of ‘missingness’ comes as a result of the planned design to have 

an incomplete data set as outlined above i.e. missingness is by design and as such is by 

random selection.  In TIMSS2007 and other similar educational studies, a matrix survey 

design is implemented with students randomly assigned test item booklets that only cover 

part of the cognitive domain.  Since the students were randomly selected from within their 

peer group in the stratified sample of schools, the probability of a missing response is 

independent of all the measured and unmeasured characteristics of the students, making the 

missing cognitive items MCAR.   

The second type of missing data is where there are cases of unit and item non-

response in the background questionnaires.  Responses here may be MCAR, missing at 

random (MAR) or missing not at random (MNAR).  Any missing data will need to be 

reviewed and evaluated separately for each case of missingness.  The way missing 

background data are handled, in terms of listwise or pairwise deletion, or by ‘filling in’ 

through an appropriate imputation strategy, will be justified in light of the mechanism of 

missing data.  

Cognitive items 

The cognitive items of TIMSS2007 are the elements that are affected by the matrix-

sampling methodology.  In practice, students are exposed to only a selection of cognitive 

items, with others recorded as ‘missing’.  Instead of first computing estimates of missing 

responses and then aggregating these to estimate population parameters, the adopted 

approach uses all available data, students’ responses to the cognitive items they were 

administered together with background data, to estimate directly the characteristics of 

student populations and subpopulations.  To summarise the cognitive responses TIMSS2007 

utilises Item Response Theory (IRT) scaling to describe student achievement in the 

assessments of mathematics and science curricula; a variant on methods put forward by 

Sinharay ��	���	(2001) in section 3.1, and in line with developments promoted and discussed 

by Lord (1977), Hambleton and Cook (1977) and Mislevy ��	��. (1992b).  The background 

data are used to strengthen the reliability of student scores, a process known as 

‘conditioning’, taking account of background information that is relevant to and impacts on 

educational practices���������	
���
�����  In the IEA’s primary analysis of TIMSS2007, a principal 
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component analysis (PCA) is used to reduce the wide range of background variables in order 

to identify a manageable number for inclusion in the marginal analysis.  Typically around 90 

per cent of the variance in the data is accounted for by the selected components.  These 

principal components are the conditioning variables in the marginal analyses that will result 

in consistent estimates of population characteristics.  The proficiency for any student (�t), a 

required parameter for IRT models, is a randomly selected value from such a conditional 

distribution. 

There are three different types of cognitive items that need to be modelled: (1) 

simple dichotomous responses scored correct or incorrect; (2) multiple choice items that are 

scored correct or incorrect; and (3) polytomous response tasks where there are more than two 

response options, e.g. with partial credit given for the response.  To cater for the different 

types of item and scoring procedures used across the survey, three distinct IRT models are 

considered to generate the scaling distribution that provides the mechanism to identify 

proficiency scores for each student in mathematics, science and each of the sub-scales 

described earlier – i.e. the probability of the student correctly responding to any particular 

test item.  The basic structure of a latent trait model for a simple dichotomous item describes 

the probability of a particular response based on two characteristics that describe the item’s 

difficulty and its power of discrimination. When dealing with multiple choice items, a third 

characteristic is taken into consideration, to reflect the probability of getting a correct 

response by chance.  The numbers of characteristics that influence the probability of a 

student correctly responding to an item give the generic names of 2-parameter and 3-

parameter logistic models (2PL and 3PL).  For completeness, the 1-parameter logistic model 

has only one characteristic that influences the resultant probability, namely item difficulty.  

This special case, known as the Rasch model, is where all items are deemed to be equally 

discerning, with easy items discriminating between low-ability students and hard items 

discriminating between high-ability students; discriminating at different positions on the 

underlying continuous ability scale, �.   

As the name suggests, each model uses a logistic function to relate student ability 

and item parameters to the probability of correctly responding to an item.  The probability of 

a student with proficiency �t responding correctly to an item�M���� 	 ��X�u� 
 � is given by: 

v�M� 	 ���t� ��� w�� h�� 	 h� x � Y h�� x yzE��Y{� ��� ��t Y�w�� 
Where  

M�  is the response to item �	(1 for correct, 0 for incorrect)  �t is the proficiency of student on the ability scale (higher proficiency has a 
greater probability of responding correctly) 



97 
 

�� item discriminating power (slope parameter of item �) w�  item difficulty (location parameter of item �)  h�  item chance, the lower asymptote of the item characteristic curve (ICC) that 
raises the probability of very low proficiency selecting a correct response 
(e.g. probability of being correct by chance in multiple choice items)  

D  an arbitrary scaling constant typically set to 1.7 to approximate results from 
the normal ogive model. 
 (Foy, Galia and Li, 2008: 226) 

 
All models have an item difficulty parameter (w�), which is the point of inflection on 

the ability scale (Figure 3.2-3: ICC graph).  This determines the location of the parameter for 

any item, with the point of inflection for easy items positioned to the left of centre on the 

standardised proficiency scale (when w� | �) and to the right for harder items (w� R �). 

 

Figure 3.2-3: ICC derived by varying parameter }~ in 3PL model (Harris, 1989: 159) 

 
The 2PL curves for dichotomously coded constructed response can discriminate 

among students as shown in Figure 3.2-4 where the slopes of the curve vary. The inclusion 

of the �� parameter allows the slopes of the curves to vary, indicating how discriminating the 

item is; the steeper the slope of the curve at the point of inflection, the more discerning the 

item.  
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Figure 3.2-4: ICC derived by varying parameter �~ in 3PL model (Harris, 1989: 159) 

A 3PL model is utilised where multiple response items, each scored as correct or 

incorrect, are used to condition the proficiency scores generated through the model. The 

basic structure of the 3PL model takes account of a correct response by chance, including the 

h� parameter  to quantify the probability of correctly guessing from the multiple options.  The 

2PL and Rasch models assume no guessing or element of chance in the constructed response, 

with h� 	 �  in the general model provided above.  As shown in Figure 3.2-5, as h� increases 

to 0.25 (C=.25) the lower asymptote rises so that even those students with a low proficiency 

score are modelled to have an increased probability of success on the item.  

Figure 3.2-5: ICC derived by varying parameter �~ in 3PL model (Harris, 1989: 159) 
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A third type of IRT model is used for polytomous response tasks where extended 

responses are scored with partial credit of 0, 1 or 2.  Foy, Galia and Li (2008) present a 

generalised partial credit model that gives the probability a student with proficiency �t will 

have a response M� for the ��&� item, scored in the  d&� of c� ordered categories – in this case 

three ordered categories where the scoring is 0, 1 or 2.   

v%M� 	 d'�t� ��� w�� ,��
� 
 � ,��$o<
�( 	 yzE��V {� ��� %�t Y�w� x ,���(���1V yzE%V {� ��� %�t Y�w� x ,���(���1 ($o<
��1  

Where  

c�  is the number of response categories for item � (here c� 	 u categories) M�  is the response to item �	, ranging from 0 to c� Y � (in this case 0 to 2)  �t is the proficiency of student on the ability scale (higher proficiency has a 
greater probability of responding correctly) �� item discriminating power (slope parameter of item �) w�  item difficulty (location parameter of item �)  ,���  is the category � threshold parameter (d 	 ��
�c� Y �) 

D  an arbitrary scaling constant typically set to 1.7 to approximate results from 
the normal ogive model as above. 
 

IRT modelling is based solely on the conditional parameters, i.e. the student’s 

proficiency score and the parameters of the item. Item response probabilities are unaffected 

by other items present in the test or any other student characteristics or data collection 

conditions – this assumption of ‘conditional independence’ underpins IRT modelling.   

The imputations for like students – students with similar response patterns and 

background characteristics	in the sampled population – are drawn from the IRT scaling 

distributions that describe the population.  This approach is known as 
��������	������ 

methodology (Foy, Galia and Li, 2008; Mislevy, 1992b) where each imputation is a 


�������� score for that student, based on their cognitive responses and background 

characteristics. 

Plausible values through multiple imputation 

The emphasis throughout this study is on generating consistent estimates of major 

population characteristics directly from item responses (Dempster ��	��� 1977; Mislevy, 

1984, 1985).  Mislevy (1992a: 135) highlights the significant turning point for designing and 

analysing large-scale educational assessments, where upon population characteristics could 

be estimated accurately without first securing accurate estimates for individual students 

(Lord,1962; Sirotnik and Wellington, 1977).  This approach is used in TIMSS2007, where 

plausible values methodology provides a proficiency score in mathematics, science and each 

of the sub-scales described earlier. These proficiency scores can be used for the purposes of 
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secondary data analysis and to provide practitioners, policymakers, and the general public 

with meaningful measures of student achievement and progress.  The accuracy with which 

any one plausible value can summarise an individual’s score is clearly restricted by the 

model, given the imputed score is based on limited information and will almost certainly 

include an error.  To minimise these errors a multiple imputation strategy is adopted, 

drawing on the work of Rubin (1987) using five plausible values instead of one for each 

metric summarised.  Rubin (1987) shows that the relative efficiency of an estimate does not 

improve significantly by increasing the number of imputations used to calculate population 

statistics (as outlined in section 3.1.6, Appendix 3.2, and Appendix 3.3).  Indeed, if the rate 

of missing information was as high as 50%, Schafer (1999: 7) shows that an estimate based 

on five imputations has a standard deviation that is only 5% wider than one based on an 

infinite number of imputations; there is therefore limited benefit in working with any more 

than five plausible values3.   

Following Rubin’s guidelines on multiple imputations, to minimise the error 

attributed to imputation, every student record in TIMSS2007 database has five plausible values 

for each reporting scale in the survey.  To allow analysts to incorporate imputation error into 

analyses of the achievement data, the recommendation is for each analysis to be replicated 

five times, using a different plausible value on each occasion.  The results should then be 

combined using Rubin’s rules (Rubin, 1987) to summarise the statistics into a single point 

estimate and standard error that incorporates both sampling and imputation errors.  The 

sampling error is calculated by IEA using Jackknife estimations on the available data to get 

the ���������
�����
� variance; and the imputation error is as calculated by Rubin’s ��������

��
�����
� variance.  Details on Jackknife estimations follows, with an expansion on 

Rubin’s between imputation variance as presented in Appendix 3.2. 

Jackknife estimations 

Classical statistical methods rely on basic assumptions concerning knowledge of an 

underlying distribution and acceptance that observed data come from simple random samples 

with data points independent of each other and identically distributed (���).  When these 

assumptions are not met fully, or the parametric assumptions are difficult to justify, then 

analysts can make use of �����
����	����
�� that preserve whatever underlying distribution 

is present in the data and allow for estimation of error in the desired statistic.  The Jackknife 

method is one of a number of commonly used approaches that use replication procedures to 

                                                      
3 In most situations only a small number of imputations are required.  A fuller justification 

for using five imputations (plausible values) is provided in Appendix 3.3 
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estimate parameters where the assumption of ��� is violated.  The Jackknife method allows 

estimation of parameters and inference on a wide range of statistics, particularly when 

confronted with complex survey designs.   

The basic principles of the method rely on repeatedly drawing representative 

samples of the population and computing the desired statistic on each.  Each replicate sample 

provides an estimate of the parameter of interest, and the variability among those estimates 

gives a measure of the sampling variability.  Instead of working with one sample, the 

technique splits the single sample into multiple, randomly generated sub-samples that are 

independent and identically distributed in the sample space; the analyst can then deploy 

traditional methods of analysis on this distribution of parameters.   

The general process is optimised when a large number of sub-samples are drawn, 

generating each sub-sample by removing one unit from the full sample and computing 

desired statistic – the ‘drop one’ resampling strategy.  For example, let �/� be an estimator of 

� based on �  i.i.d. random vectors��
� 
 � ��, i.e. �/� 	 ����
� 
�� ���.  Let �/�<� 	��<
��
� 
�� ��<
� ��K
� 
 � ��� be the corresponding statistic based on all bar the �th 

observation.  If the statistic of interest is the achievement score, then an estimate of the 

variability within those sub-samples can be derived from the resulting ‘simple replicated 

sample’.  Each replicate sample provides an estimate of the mean, and the variability among 

the replicate samples gives a measure of variance from the overall sample mean, the simple 

average of the � replicate estimators (Rust, 1985: 383).  This approach is computationally 

demanding when � is large and there is potential loss of precision when samples are drawn 

from a complex design, such as the stratified multistage cluster-sampling technique used to 

select samples of students in TIMSS2007.  To accommodate those design concerns, Rust 

(1985) outlines a commonly used variant on the simple replicated sampling method – a 

‘random groups method’.  The original sample is divided into a number of groups so that 

each reflects the design of the full sample.  An estimate of the population parameter (mean) 

is formed from each replicate group, and the variability among those estimates is used to get 

an estimate of the variance of the mean from the full sample, much as outlined above in the 

‘drop one’ resampling strategy.  This Jackknife Repeated Replication (JRR) technique is 

used in TIMSS2007 with the samples of schools paired and assigned to a ‘sampling zone’.  If 

there is an odd number of schools, once all possible pairs of schools have been identified 

using known strata and the survey design, students in the remaining school are divided up to 

make two ‘quasi’ schools for the purposes of calculating the Jackknife error (standard error 

of the mean).  In the Scottish G4 data there are 70 sampling zones identified; with 65 

sampling zones in the comparable G8 data.   
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In computing the variance, both schools in each sampling zone were randomly 

assigned an indicator (0 or 1), which determined whether samples of students from those 

schools were dropped or included when it came to creating the replicate samples.  Those that 

were included had a double weighting assigned to them, i.e. double the original sampling 

weight for student � (X ��1�); and those students excluded at each wave of replications had 

their original sampling weight (�1�) recoded to zero.  Foy ��	��� (2008) note that in the 

analyses of TIMSS2007, 75 replicate weights were computed for each country regardless of 

whether or not this exceeded the number of sampling zones in the country.  Having a fixed 

number of replications meant standard errors for several countries could be computed at the 

same time with no detrimental effect on the magnitude of the error variance; any additional 

replicate weights, beyond the number of sampling zones in the country, were recoded to the 

overall sampling weight so that those cases did not add to the variance calculation.    To 

summarise, using the JRR algorithm used in TIMSS2007, any statistic � from the sample of a 

country can be computed using the formula for the sampling variance estimate of the statistic 

�	is: 

��]����O� 	 r�O���� Y O������
��


 

where  	is the total number of sampling zones; taken to be 75 in this survey (as 

justified above). The term O��� is the statistic as computed for the whole sample with overall 

sample weights applied.  The term O���� denotes the same statistic using the �th jackknife 

replicate sample and its corresponding sampling weights, which are identical to the overall 

sampling weights except for the students in sampling zone �. 	Students from one of the 

schools in the �th sampling zone are randomly allocated a zero weighting, with students in 

the other school being allocated a double weighting; all as outlined above.  Any calculation 

in the summation for schools beyond the total number of sampling zones will reduce to zero 

because C���� is set to be equal to the statistic as computed for the overall sample weight 

i.e.�C���� 	 C���.  
The jackknife estimation was invented by Quenouille in 1949 for the purpose of 

correcting possible bias in a distribution (small n). In 1958 Tukey noticed that the procedure 

could be used to construct reasonably reliable confidence intervals for a wide variety of 

estimators, and so might be viewed as being as useful to a statistician as a regular jackknife 

would be to an outdoorsman; giving the name to this resampling method (Jiang, 2010).  

Bootstrap methods were subsequently invented around 1979 by Efron; computationally more 

intensive (although easier to program) but these methods can give more accurate results in 

some cases. 
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Variance estimation can therefore be achieved without detailed knowledge of the 

sample distribution or involved analysis of the estimation method. We only need a sample 

and an estimation definition.  It cannot be over emphasized that plausible values are not test 

scores for individuals in the usual sense, and therefore cannot be used to provide feedback, 

make inferences or decisions about ���������� students.  The plausible values provided in 

TIMSS2007 serve only as a means to compute estimates of population characteristics, to 

permit estimation of population quantities (e.g. regression coefficients), and to provide 

accurate measures of trends from previous assessments.  By using multiple imputations 

(plausible values), Rubin (1987) and Schafer (1999) show population estimates and 

conclusions are based on robust data that can provide valid insights to and interpretations of 

students’ and teachers’ practices as linked to education achievement data.  

3.2.6. Rescaling ordinal polytomous variables 

Background data collected from students, teachers and schools is reported in a range 

of ways.  First there are biographical and factual data collected through dichotomous 

responses or categorical variables.  Second there are many background variables in the 

surveys that seek to measure attitudes or opinions that are based on Likert or ordinal scales.  

The data associated with those attitudes or opinions are collected as ordered categorical data 

or are derived from combining clusters into latent variables that have an ordered categorical 

structure.  Decisions have to be made regarding the most suitable metric for those ordinal 

polytomous explanatory variables, where simple categorical approaches fail to utilise the 

complete information in the data and there is scope to transform the data to strengthen 

methods of analysis.  Following some introductory remarks on the metric of variables an 

overview of a rescaling mechanism is provided, building on the work of Snell (1964) to 

transform the ordinal polytomous structure to follow an underlying continuous scale of 

measurement.  These background data explain variances across the population and are used 

as explanatory variables in the models of student achievement.  

Metric of variables 

There have been long-standing debates over the classification of data measurement 

and the suitability of statistical methods adopted by researchers (Gaito, 1980; Gardner, 1975; 

Jaeger, 2008; Michell, 1986; Stevens, 1946; Townsend and Ashby, 1984).  At the heart of 

these debates has been the ‘permissible statistics’ controversy, where the arguments have 

centred on whether or not the measurement scale and statistical procedures need to be in 

direct alignment with one another.  Stevens’ early work presented different types of 
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measurement scale (nominal, ordinal, interval, and ratio) and clearly associated each type of 

metric with acceptable statistical procedures (Stevens, 1946).  Subsequent debate focused on 

the ordinal/interval scales and their association with non-parametric/parametric dichotomy.  

The restriction on permissible statistics rested on the nature of the ordinal measure, where in 

the strictest sense the calculations associated with means and standard deviations are in error 

because successive intervals on the scale are unequal in size.  Two assumptions fundamental 

to analysis of variance methods are: 

a. The residual deviations are normally distributed, and 

b. The residual variances are homogeneous.   (Snell, 1964: 593) 

When working with data on an ordinal scale, the basic summary statistics of mean 

and standard deviation ought not to be used, but the distinction between ordinal and interval 

scales is not always so sharp.  Gardner (1975) refers to a ‘grey region’ lying between the 

black (scales that approximate well to the requirements of interval strength) and white (rating 

scales and ranks that are clearly ordinal but not interval) dichotomies of measurement.  A 

major constituent of this grey region are Likert-type scales that feature prominently in the 

social sciences for measuring attitudes and opinions.  Responses to such items reflect the 

subjective nature of measurement that is based on a respondent’s judgment on a scale 

consisting of several ordered categories.   

There are several ways in which Likert scales may be utilised in survey research.  

First, when a single item is used, Givon and Shapira (1984) suggest three issues need to be 

considered:  

(1) !������	���	���������	�����	���������	��	
��"�	����	��	��
��	�	�
�����
��	
�	
�	�	

�����
�����	�����.   

(2) !������	���	�����	�������	����������	
�	��	�
�����.   

(3) #��	�
������	����������
�	�����	���������	���	���$���"�	���

����.   

Subjects can find categorical ratings provide a natural and easy form of judgement, 

but an underlying continuous scale may represent their attitudes more accurately.  Cox’s 

review of over 80 years research on the optimal number of response alternatives for a scale 

(Cox, 1980) notes that the scale needs to be refined enough to be capable of transmitting 

most of the information available from subjects without being so refined that it simply 

encourages response error.  From the subjects’ perspective, error can be induced through 

being presented with too daunting a range of options or levels of precision.  However, it is 

not solely about maximising the amount of transmitted information because the researcher 

may not require such precision to address the question under scrutiny.  Indeed a crude 
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measure can be adequate for the researcher’s purposes, particularly where: ‘the information-

processing capacity of the researcher rather than that of respondents may dictate the optimal 

number of response alternatives’ (Cox, 1980: 409).  Cox concludes that there is no single 

number of response alternatives for a scale that is appropriate for all circumstances, but that 

scales with two or three response alternatives are generally inadequate and those using more 

than nine provide diminishing returns to the researcher.  An odd number of response 

alternatives are preferable to presenting an even number, permitting a neutral position where 

that is justifiable; the widely accepted number of seven plus or minus two is recommended to 

provide subjects with an adequate number of reasonable response alternatives whilst 

minimising any overuse of the neutral stance.  Regardless of the number of response 

alternatives provided, it is important to distinguish between stimuli where there is a 

judgement being made that relates to an underlying continuous scale as opposed to a 

discrete, dichotomous, categorical scale that is more limiting in terms of analysis.   

In terms of evaluating attitudes, respondents indicate their rating by placing a mark 

at an appropriate point on a scale that runs from one extreme of the attribute to the other.  

This notion of an underlying continuous scale is emphasised when scales are presented 

through electronic media, with a ‘graphic scale’ or ‘slider control’ provided for the 

respondent to select a value on a scale that is bounded by the concept of ‘best’ and ‘worst’ 

(Page-Bucci, 2003).  Similarly when respondents are evaluating a likelihood of an outcome, 

the probability judgement will be bounded in the [0, 1] range.  That said there are advantages 

in having the scale conceptually unbounded in either direction to permit appropriate analyses 

and to correct for ‘end effects’ if the underlying distribution is itself unbounded, e.g. the 

widely used normal distribution (Cox, 1980:411). 

A second way survey research uses these measures is through summated Likert 

scales.  The desired measure may be a result of a subject’s response to several items, 

providing access to constructs that cannot be measured by a single rating scale, or where the 

researcher chooses to combine responses, by adding the values for each response; hence the 

name ‘summated scales’. This is sometimes referred to as ‘score building’ (Dittrich ��	���, 

2007) where several items are treated as belonging to the same numerical scale and are either 

summed over the items, or combined to form a latent variable with a single score produced 

to measure a common characteristic of that item-cluster for a respondent.   

There are several ways such survey data can be managed and organised for 

subsequent regression analyses.  First, the separate categorical responses can be analysed by 

recoding the categorical variable using traditional dummy coding (0/1) to identify 

dichotomous variables.  In general, a categorical variable with � levels will be transformed 
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into �-1 variables each with two levels; dichotomous variables can then be directly entered 

into the regression model.  When summated Likert scales or derived variables are in 

operation the number of categories will usually increase.  For instance in TIMSS2007 the IEA 

combine responses by reporting the ������� response score across the group of separate 

items to generate a derived variable for a particular construct; using the average results in 

non-integer scores e.g. combining four response scores 2,2,3,2 will give an average response 

score of 2.25.  These average values could be analysed using dummy coding as above, but 

given the number of categories will increase it may become too cumbersome to incorporate a 

large number of dummy variables, especially for large �.  An alternative approach, as 

adopted by IEA in an attempt to simplify the data for wider interpretation and international 

comparison, is to use an index that assigns respondents to one of three levels of response – 

high, medium, or low – based on their responses to the component parts.  A three-point index 

is calculated with suitable cut-points from the resultant scale and these three categories can 

then be analysed using traditional dummy coding to identify dichotomous variables.  This is 

the first method I consider for the explanatory variables in my model of achievement scores, 

using the same methodology as promoted by IEA for their analysis of TIMSS data.   

A second approach is to assume an underlying continuous metric for the construct, 

based on the extended categorical variable.  In this way the derived variable is entered in the 

regression model as a pseudo-continuous explanatory variable, using the full range of 

response scores derived from the averages.  Third and finally, I consider a rescaling of the 

original arbitrary scores assigned to the different categories to take account of the observed 

data and to base the scoring system on the empirical findings.  The rescaling mechanism I 

adopted is as outlined by Snell (1964) who provides a credible approach to rescaling ordered 

categorical data that is detailed below.  

Rescaling mechanism 

Arguments to support rescaling of data are presented by Labovitz (1967) where he 

contends that the advantages of being able to use parametric statistics and more powerful 

classical techniques outweigh concerns from violating any underpinning assumptions on 

measurement scales being exactly interval or ratio.  His supporting arguments for this 

position are:   

(1) the insensitivity of ordinal and other nonparametric techniques, e.g., the waste of 
information by not considering the distance between ranks, (2) the small error that 
results from assigning numbers to ordinal data and then treating those categories as if 
they conform to an interval scale, (3) tests of statistical robustness, which have 
shown that certain tests are interpretable, although selected assumptions are not met, 
and (4) the power-efficiency of tests.   (Labovitz, 1967: 159-160).  
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Even though the measurement scale of the original data are not exactly interval or 

ratio, and as such do not satisfy fully the underlying assumptions for parametric statistics, 

Labovitz argues for the use of parametric tests if the data are ��
�� to the required form.  

Labovitz regards it as ‘both legitimate and useful’ to call upon well-established and clearly 

interpretable statistical techniques. 

A rescaling mechanism can provide the basis of meeting the required assumptions of 

homoscedasticity and having normally distributed residual deviations. The aim of Snell’s 

paper was to present a scoring procedure that satisfies, as far as possible, these assumptions, 

so that after the rescaling process one can proceed with classical techniques of analysis of 

variance.  When working with ordered categorical data, traditional approaches use arbitrary 

scores of 0, 1, 2 … that are subsequently used and analysed on the assumption that necessary 

conditions for analysis of variance techniques are not violated (Independence, Normality, 

and Homoscedasticity).  These assumptions for ANOVA are broken when dealing with 

simple integer score responses that can be bunched towards one end of the rating scale, or 

where the data are otherwise very skew.  The theory of Snell’s rescaling rests on 

assumptions of the normal distribution but given the complexity of the mathematical 

expressions this generates, he suggests a reasonable simplification to base the scoring 

procedure on a logistic model.  The precise procedure requires an iterative solution but for 

most practical purposes, Snell (1964) contends an approximate solution as adequate, 

provided there are no obvious irregularities in the data and that estimates based on the 

weighted sums of the observed data are close to the correct values for the theoretical 

proportions.  Snell’s approximate solution, based on observed data, is set out below; I have 

used this approximate method in all rescaling exercises pursued in my analysis of TIMSS2007 

data.  

The rescaling model assumes there is an underlying continuous scale against which 

the scale categories represent intervals.  Many of the scales used in the survey questionnaires 

are of a subjective nature, requiring a response or judgment on a scale consisting of several 

ordered categories.  For example:  

Agree a lot – Agree a little – Disagree a little – Disagree a lot 

At least once a week – Once or twice a month – A few times a year – Never 

During most lessons – Most weeks – Once or twice each term – Once a year or less 

Very confident – Fairly confident – Not very confident – Not at all confident 

 

If a traditional scoring system was adopted, then the scale for four categories would 

be developed from the following process:   
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Figure 3.2-6: Intervals defining categories 

define points �$		($= 0, 1, 2, 3, 4) such that category �$	 corresponds to the interval �$�%	to �$	

	 �$		 &	 %	 '	 (	 )	

	 �$	 1 2 3 4 

 

To generalise the model there are assumed to be �	groups of observations, with the 

number of categories $	extended from 4 to �.  The underlying continuous distribution 

function is denoted��v��M��, and the probability of an observation of group �	being in category 

�$	equal to: 

v�%M�( Y v�%M�<
(� � 	 ��X� 
c� ��� 	 ��X� 
 �� 
Simplifying the model as suggested above, by basing the procedure on a logistic 

distribution, the logit of the proportion v�%M�( 	 ��� x w�M�  and the distribution function 

probability model is of the form:  

v�%M�( 	 eLoK"o��
� x eLoK"o�� 

v�%M�( 	 �� x eLoK"o��
eLoK"o�� �<


 

v�%M�( 	 �� x e<%LoK"o��(�<
� 
Each observation is characterised by two parameters:��� , representing the location of the 

observations, and�w� , their spread.  Wishing to satisfy the criterion of homogeneity of 

variance Snell (1964: 594) takes w� 	 �  for all �, giving: �
v�%M�( 	 �� x e<%LoK��(�<
 ������������� 

- a logistic distribution with mean Y�� and variance �� u�   .  

The estimates for parameters �$	and �� can be found through maximum likelihood 

methodology.  Writing v�%M�( as��v�� , the logarithm of the likelihood is: 

� 	 rF��di�3%v�� Y v���<
(�� � 	 �� X� 
c�� ��� 	 �� X� 
 �
��

 

Taking %v�� Y v���<
( term and expanding using (1): 

v�� �� Y v���<
v�� � 	 v��  � Y �
� x e<%LoK��¡q( � � x e<%LoK��(

� ¢ 
	 v��  � x e<%LoK��¡q( Y �� x e<%LoK��(�

� x e<%LoK��¡q( ¢ 
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	 v��   e<%LoK��¡q(
� x e<%LoK��¡q( � £� Y e<%LoK��(

e<%LoK��¡q(¤¢ 
	 v��¥���<
 �� Y e<%LoK��(K%LoK��¡q(� 	 v��¥���<
 �� Y e<���<��¡q(� 

Giving �
� 	 rF��di�3 ¦v��¥���<
�� Y e<���<��¡q(�§���X�

��
 

where��¥���<
 	 � Y v���<
.  The logistic distribution has similar properties to the 

normal curve, matching closely across most of its range and extending in both directions to 

infinity.  Given those end-values we take  M1 	 Y¨ and  Mt 	 x¨  giving the associated 

probabilities of�v�1 	 �� v�t 	 �.  The choice of origin is arbitrary, so I followed Snell’s lead 

by taking M
 	 � and then used maximum likelihood methodology by differentiating (2) and 

equating to zero to generate expressions for the remaining estimates M���� 	 X�
� Y �� and  

����� 	 ��
c�.  The three expressions used to calculate estimates of the parameters are: 

� 	 ���M� 	 [��e��©�<�©�¡q( Y �� Y
[�K
�e��©�ªq<�©�( Y �� x [� Yr%F�� x F���K
(v/���

$
��


 

  for � 	 �X� 
 � Y X   (3) 

� 	 ���M� 	 [t<
�e��©«¡q<�©«¡5� Y �� x [t<
 Yr�F��t<
 x F�t�v/��t<
�
$
��


 

   for ¬ 	 �­ Y �   (4) 

and  

� 	 ����� 	 rF�� Y
t<

��


r�F�� x F���K
�
t<

��


v/��� 
 for � 	 �� X� 
c (5) 

To get the approximate solutions, the theoretical proportions v/��� in (3) and (4) are 

replaced by the observed proportions  *�� .  The starting point is to generate a solution for  

�Mt<
 Y Mt<�� from (4) and then to use that value in solving (3) to get a sequence of similar 

expression down to �M� Y M
�� 
Having already defined  M
 	 � , all values of M���� 	 X�
 � Y �� can be found by 

working backwards through those equations.  

Once the class boundaries M� are estimated, mid-points are taken for the scores 

(Figure 3.2-6).  Class mid-points are easily calculated by averaging the cut-points; extreme 

categories are obtained using tail values of the distribution function (1).  The upper tail 

�M�Oi�¨� is equal to: 
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M Y �di�3v�®¥ 

where *	denotes the probability of a value less than �+ and�¥ 	 � Y v.  The mean 

value is at a distance Y�di�3v�®¥ beyond the point�Mt<
�	 Similarly for the average value in 

the lower tail, the mean value will be at a distance Y�di�3v�®¥ below the point M
 that has 

already been defined to be zero.  The necessary calculations are completed in an Excel 

spreadsheet that provides a template for rescaling ordered categorical data from a range of 

variables.  The final step of rescaling adjusts the new scale to centre the data, standardising 

the scale to have mean zero and unitary standard deviation.  This final transformation speeds 

up the execution of MCMC estimation methods, minimising the number of iterations by 

having all continuously distributed explanatory variables centred at their mean (Browne, 

2012).  Having rescaled the variable it is entered in the regression model as a pseudo-

continuous explanatory variable.   

In summary, there are therefore three ways of handling the ordinal polytomous 

variables I have encountered in the survey data: 

(i) The IEA-style of categorical variables and associated dummy variables based on 

an index that partitions the variance in the model;  

(ii) Considering the extended categorical variable as a continuous derived variable 

that reflects the conceptual framework and underlying distribution on which 

respondents base their answer; and finally 

(iii) A rescaled pseudo-continuous scale that better reflects the source data as it is 

based on a scoring system that takes account of the observed data (Snell, 1964). 

A number of scenarios are presented in full within Chapter 5: Primary Analysis; the 

empirical data appears to support use of the third method which is thereafter used to rescale 

ordinal polytomous variables that may be assumed to have an underlying continuous metric. 

3.3. Methodological issues related to analyses of 
survey data 

Methodological issues pertaining to the analysis of hierarchical clustered data focus 

on the choice of dependent variable and the unit of analysis in any model of students’ 

achievement that is developed.  An outline of the primary method of analysis adopted in this 

study is presented before providing an overview of three alternatives that are subsequently 

evaluated on empirical grounds.  The primary approach takes on a new multilevel plausible 

value method that exploits the hierarchical structure of the data sets by building a multilevel 

model of student’s achievement with ‘plausible value’ as the unit of analysis.  This extends 
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the structure of the hierarchical model to have four levels, with ‘plausible value’ nested 

within ‘student’, which in turn is nested within ‘teacher’ and ‘school’ levels.  Three 

alternative options discussed are first, to use an arithmetic average of the five plausible 

values as the dependent variable in models of student’s achievement; second, to use a single 

plausible value as the dependent variable in the analysis of student’s achievement; and third, 

to separately model all five plausible values before merging the resultant statistics as 

recommended by Rubin (1987) to combine imputed data.  The findings from the primary 

method of analysis, using a multilevel model with plausible value as the unit of analysis, can 

be compared with the findings from each of the three alternative methods to determine 

whether or not substantive conclusions differ; comparison with Rubin’s method is of primary 

interest.  Recommendations will be made over use of one approach in preference to others.   

Throughout the analysis, substantive conclusions are reported in terms of statistical 

significance of the contributing variable, as well as assessing the practical significance based 

on the raw difference identified through the regression coefficient. Assessing the relative size 

of effects is pursued through use of standardised estimates of effect size. An overview of 

these approaches to assessing the strength of association with achievement scores in the 

multilevel models will conclude this section.   

3.3.1. Multilevel analyses 

In order to confirm the data are suitable for a multilevel analysis, a basic model was 

developed on the basis of the hierarchical structure discussed in section 3.2.1.  First the data 

were transformed to create a long file with plausible value as the unit of analysis. A general 

model of student achievement was set up as an unconditional model, and then predictor 

variables as related to literature review and EDA were considered for inclusion, adding and 

retaining if providing a significant explanation of variance in the overall model of 

achievement.  This section outlines those steps in a general capacity with the resultant 

models reported within the primary analyses of Chapter 5. 

A number of simple models are used to discuss the principles and adopted practices 

of modelling the data with different levels of classification.  Clearly the simplest situation is 

the null model with one level of variance – describing the data in terms of an overall mean 

01  plus a student residual error (e�) that is itself normally distributed with�e�6[��� 2��).  

This gives a very basic model with all the variance attributed to the student (�); a fixed 

effects model: 
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This structure can readily lead to increasingly more sophisticated models of 

achievement where there are two nested levels, taking individual students within schools say, 

allowing the researcher to comment on differences between schools as well as differences 

within schools (between students).  The structure of the equation now takes the form: 

¯�°°¯±²¯��� 	 01 x j1� x�e�� 

 

As before, this represents an overall mean (01) but the equation now has two 

variance components, one for the differences between schools (j1�) and the other for 

differences within schools (e��) which represents the between student differences. The model 

of student achievement is calculated using MLwiN to give the random intercept model for 

school variation: 

 
Having included the school level of analysis, the model is a two-level variance 

components model with the overall mean of the dependent variable ASMMAT_AV defined 

by a fixed coefficient 01 plus two variance components that gives the model its name.  The 

original student variance has been split into a school variance and a reduced individual 

contribution as described above. 

The second level of the model allows the mean of the �&� school to be raised or 

lowered by j1� that is Normally distributed with a mean of 0, and an estimated variance of 

853.96.  Convention dictates that �	is used to	denote the ‘level 2’ residual, which in this case 

is the school effect on the model.  The variance partition coefficient (VPC) is calculated as: ³su�´µ�³su�´µ� x ¶··��¶µ´ ¸ ���sX 

This shows that 15% variation in the model is attributed to between schools. 

Suppose ¯�°°¯±²¯��� is the observed value for the �&� student within the �&� 
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school and that ¯�°°¯±²¯�¹ �� is the predicted value from the regression – in this case it 

will be the overall mean for ASMMAT_AV plus a variance component for the school.  

Typical values can be confirmed in the data view of the file in Figure 3.3-1: 

Figure 3.3-1: Predicted values from regression 

 
The ���	�������� for an individual is the difference between observed and predicted 

score (ASMMAT_AV) i.e.  ]�� 	 ���� Y ��©��, where the ���	�������� for the �&� school is 

written as��]K��, the mean of  ]�� for the students in that school.  The estimated level 2 

residual for the school is obtained by multiplying ]K� by a shrinkage factor, a transformation 

that gives a ��������	���������	The shrinkage factor � is   4º54º5K�4»5 ����  , where F� is the number 

of students in school $ , giving: 

j©1� 	 � 2¼1�
2¼1� x 2½� F�¾ �]K� 

The within-student distribution stays the same �23� is constant) but if more students 

are sampled (F�increases), then	23� F�� 	will get smaller and so � will get closer to 1.  In other 

words, there will be less shrinkage if more students are sampled.  The shrinkage factor takes 

account of the number of cases within that level and correspondingly the residuals are 

affected by the size of each group.  This means that, for level 2 units or higher, where the 

information is scarce, the estimate of the regression line for that unit is ‘shrunk’ towards the 

mean regression. For level 2 units with larger sample sizes, the estimates of the regression 

coefficients are more reliable and level 2 residuals are ‘less shrunk’ towards the mean. 

MLwiN calculates the residuals at each level, taking the necessary shrinkage factor 

into account, and provides options for a variety of graphical displays to inspect them.  To 

check the normality assumption, a normal probability plot of ranked residuals against a 

normal curve can be inspected.  If normality assumption is valid then the points should lie 
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approximately on a straight line.  Plotting the residual x Y¿ ��´µ�?k�by rank produces a 

caterpillar plot, as illustrated for this model in Figure 3.3-2.  If the plots do not overlap zero, 

as witnessed at either ends of the plot for the low and high ranks, those residuals represent 

school departures that are significantly different (at the 5% level) from the overall average 

predicted by the fixed parameter À1. 

To test the significance of the school effects a likelihood ratio test can be carried out.  

This test takes the difference between the �',�
�	�������

�	values for the two models and 

compares the result with a chi-squared distribution on 1 degree of freedom, given there is 

one additional parameter in the second model (2¼1� ).  The significance of the school effect is: 

�Á�Oe O 	 ¶¶·´·��u� Y ¶¶u³��´¶� 	 ¶�µ��´ 

A chi-squared distribution on 1 degree of freedom is 3.84 so there is clear evidence 

of school effects on achievement.   

Figure 3.3-2: Caterpillar Plot for Residuals (IDSCHOOL) 

 
 

For comparison purposes, when teacher (IDTEACH) is used as the second level of 

the hierarchical structure, the new parameters in the model are: 
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Direct comparison with the school effects model shows that a much greater variation 

is attributed to the teacher component (2¼1� ), but this needs to be interpreted carefully as the 

residuals will be affected by the size of each group – the residual estimates can vary greatly 

in their width because of small samples of students working with some teachers.  

The residual plot for IDTEACH (Figure 3.3-3) has similar characteristics to that for 

IDSCHOOL.  The discernible deviations from the mean at either end of the ranked scores 

can be seen to be significantly different given the 95% confidence intervals do not overlap 

with zero.   Carrying out a similar analysis as above the VPC for teacher-level of the model 

is:  �X··��s´�X··��s´ x ¶¶¶s�ss· ¸ ��XXu 

This shows that 22% variation in the model is attributed to difference between teachers.  

Figure 3.3-3: Caterpillar Plot for Residuals (IDTEACH) 

 
 



116 
 

As before, the significance of the teacher effects can be considered using the 

likelihood ratio test.  The significance of the teacher effect in the model is: 

�Á�Oe O 	 ¶¶·´·��u� Y ¶¶X³X�X�� 	 s�¶�´X 

This test statistic confirms there is overwhelming evidence of teacher effects on 

achievement.  The subsequent analyses will strive to identify some specific aspects of 

teacher and school effects that can offer explanation for those significant variances.  

3.3.2. Primary method of analysis 

The primary method of analysis draws upon Bayesian principles and techniques.  

The survey data are complex in structure and so too are the multilevel models of student 

achievement that attempt to describe the hierarchical data and to explain variances across a 

range of parameters.   A primary consideration in favouring Bayesian inference over 

frequentist inference rests on the fact the distributions of selected explanatory and control 

parameters are unknown, leaving estimates to be determined through observed data only:  

The Bayesian approach delivers the answer to the right questions in the sense that 
Bayesian inference provides answers conditional on the observed data and not based 
on the distribution of estimators or test statistics over imaginary samples not 
observed.  (Rossi ��	���+ 2005:4) 
 
Hall (2012) outlines a number of advantages of Bayesian inference over frequentist 

inference, many of which support the current problem that investigates relationships within 

hierarchical data.  One particular advantage he cites concerns comparison of models, where 

the goal is to identify an appropriate model of the achievement data.  Model comparison 

using Maximum Likelihood (ML) Iterative Generalised Least Squares (IGLS) methodology 

is fairly straightforward when comparing simple nested models.  Assessment of candidate 

models can be carried out as a sequence of comparisons between pairs of models.  Taking 

two such models denoted M1 and M2, with *
 and *� parameters respectively, the ML 

estimates under each model can be compared and tested for significant difference. The 

comparison is similar to a classical testing problem with the null hypothesis of ‘no 

difference’ between likelihoods, leading to the likelihood ratio test statistic 2[���/�� Y���/
�], which for large samples will follow a Â�distribution with *� Y *
 degrees of 

freedom.  The change of deviance as measured by the log-likelihood statistic is used as a 

measure of fit, with any significant reduction in deviance favouring model M2. 

Kuha (2004) challenges the appropriateness of standard tests for all models, 

particularly where: the models are not straightforward; analysis is extended over large 

sample sizes; or where comparisons are not restricted to nested models.  Significance tests on 

large samples are sensitive to small deviations from the null hypothesis, a feature that 
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renders all reasonably parsimonious models as having a statistically significant lack of fit 

and subsequent rejection from consideration.  Kuha also cites standard tests as mostly 

unsuitable for comparing non-nested models, and that they ‘provide little guidance for 

choosing between models that have not been rejected’ (Kuha, 2004: 188). These limitations 

led researchers to consider other approaches to model comparison and selection, with a range 

of 
�����-��	model selection criteria that take sample size and complexity of the model into 

consideration, trading these against the fit determined by the likelihood ratio test statistic.  

Two well-used members of this class of penalized models are the Akaike Information 

Criterion (AIC) and Bayesian Information Criterion (BIC).  These are defined as: 

¯ÃÄ 	 XJ�%�/�( Y �%�/
(P Y X�*� Y *
� 
and 

ÅÃÄ 	 XJ�%�/�( Y �%�/
(P Y ����F��*� Y *
� 
In each case the first term reflects the ‘fit’ of the two models to the observed data 

(i.e. the difference of the maximised log-likelihoods); a measure that favours larger models.  

The second term is the penalizing component, using the number of parameters as a measure 

of ‘complexity’ that reduces the information criterion by a differing factor for each of AIC 

and BIC (i.e. *� Y *
 is the increased complexity of M2 over M1).  The two terms pull in 

opposite directions, with a trade-off between ‘fit’ and ‘complexity’.  The comparison favours 

a parsimonious model unless the ‘fit’ achieved by a more complex model is sufficiently 

large.  The theoretical differences between AIC and BIC are discussed by Kuha (2004), 

Spiegelhalter ��	���	(2002) and Hall (2012), with an emphasis on the different assumptions 

and goals that underpin those statistics.  In summary, AIC and BIC have the same aim and 

common goal to identify a good model; the differences lie in their definition of a ‘good 

model’.  The motivation behind BIC is to identify a model with the highest probability of 

being the true model for the data, working on the assumption that one of the models under 

consideration is ‘true’.   On the other hand, the derivation of AIC explicitly denies the 

existence of any identifiable ‘true’ model, favouring instead to rely on predictive power of 

future data as a measure of adequacy for a model. 

Bayesian inference allows comparison of models using deviance statistics.  Alston ��	

���	(2005) suggest a natural approach to compare models is on the basis of their posterior 

probability distributions.  The choice between M1 and M2 can be made on the basis of the 

ratio: v�°����v�°
��� 	 v�°��v�°
� � v���°��v���°
� 
where larger values would support M2 over M1.  The second term in this expression, 
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the ratio of the marginal likelihoods, denoted�Å�
, is called the .����	����
� (Kass and 

Raftery, 1995). In words we have: 

  E9?CyB>9B�9kk?� 	 EB>9B�9kk? � ÆAÇy?�ÈAÉC9B� 
Unlike the likelihood ratio, instead of maximising, the terms of the .����	����
� are obtained 

by integrating over �, such that: 

v���°�� 	 Êv���°�� ���� v� ���°��,���������� 	 ��X 

Because a Bayes factor is often difficult to evaluate, a popular alternative is to adopt 

an approximation to the Bayes factor using one of a number of Information Criterion (IC) 

statistics. AIC and BIC have been outlined above; Spiegelhalter ��	���	(2002) introduce 

another variant on this statistic for model comparison, called the Deviance Information 

Criterion (DIC).  Their paper suggests Bayesian measures of complexity and fit can be 

combined to compare complex hierarchical models, building on the classical estimation of 

‘fit’ and ‘complexity’ as featured in AIC (and BIC).   DIC is analogous to AIC in that it is 

not based on any assumption of a 'true' model and is primarily concerned with short-term 

predictive ability.  The DIC comprises terms that are a function of the data alone and a 

measure of the complexity of the model. 

Spiegelhalter ��	���	(2002) propose a Bayesian model comparison based on: 

{ÃÄ 	��Ë�ii,Fe  i����OËxËhic*deM�O�Ë 
{ÃÄ 	 {��Ì� x X*{ 

Where �{��Ì� 	 YX �9: ��,�O����  and �EÍ 	 ÍÎ Y Í�ÏT�  i.e. the ‘posterior mean 

deviance’ minus ‘deviance calculated at the posterior mean of the parameters’.  This makes 

EÍ a measure of complexity that estimates the ‘effective number of parameters’.  Models 

with smaller DIC are better supported by the data. 

As shown in Spiegelhalter ��	��� (2002), the DIC is a generalisation of the well-

known AIC. Taking the definition of�¯ÃÄ 	 {%�/( x X*, where �/ is the maximum likelihood 

estimate of the parameter vector and 
	the number of parameters, the similarities can be 

highlighted.  For non-hierarchical models,�* Ð *{� �/ Ð �Ì and therefore�¯ÃÄ Ð {ÃÄ.   

Hall presents similar arguments against use of standard significance tests, claiming 

them as inappropriate for complex models, non-nested data or hierarchical data, stating: 

‘frequentist model fit statistics cannot compare different methods or hierarchical models’ 

(Hall, 2012:22).  This argument supports development and use of Bayesian techniques.    

Hall further argues in favour of Bayesian inference via MCMC, an approach that allows 

complicated models to be estimated, going well beyond anything that frequentist inference 

could accommodate.  If the chained run is long enough, there is a theoretic guarantee that the 
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Bayesian inference will converge, whereas frequentist approach has no guarantee of 

convergence. One downside of Bayesian inference is the long run-time required to reach a 

state of equilibrium that offers confidence and accuracy sought for the model of interest; in 

complex models with large samples as witnessed within TIMSS2007 data sets can take many 

minutes to converge given the high number of iterations required to satisfy the diagnostic 

analyses (~250,000+).   

Kuha (2004) warns against over-reliance on any one information criterion statistic, 

and recommends multiple analyses that draw on different IC statistics as well as other 

indices and models of fit before reaching any conclusions on model comparison.  When a 

range of criteria agree on an optimal model then that clearly further supports conclusions and 

offers robust assurance on decisions.  Where there is disagreement, analysts must take the 

underlying conditions, assumptions and purposes into account, for instance what is the 

nature of ‘true’ models in the field of study?  The three IC statistics outlined above can 

answer different prediction problems.  The BUGS (Bayesian inference Using Gibbs 

Sampling) project outlines a very comparable scenario to my data by way of explaining 

which IC is best suited to a problem.  Adapting their example to reflect the TIMSS data set, 

gives:  

Suppose the data are nested on three levels with ��������, nested within �������, within 
���

��.  Then  
(1) if we were interested in predicting results of future �������� in those actual classes, 
then DIC is appropriate (i.e. the random effect themselves are of interest);  
(2) if we were interested in predicting results of future ������� in that school, then 
marginal–likelihood methods such as AIC are appropriate (i.e. the population 
parameters are of interest); 
(3) if we were interested in predicting results for a new ���

�+ then BIC/ Bayes 
factors are appropriate (i.e. the ‘true’ underlying model is of interest). 
 

In practice, the EDA of survey items identified control and explanatory variables for 

consideration in models of student achievement.  These variables and derived variables are 

explored in multilevel analyses to confirm suitability for inclusion in subsequent models of 

mathematics and science achievement. A range of individual student-, teacher- and school-

level control variables are considered and retained as warranted, checking variance partition 

coefficients, significance of coefficients for parameters (significance determined on value of 

t-test statistic, where t-value>2.58 is significant at 1% level; t-value>1.96 is sig. at 5% level), 

and overall model comparisons assessed using DIC as dictated by Bayesian methodology 

and estimates generated through MCMC.  Each stage of development is based on initial 

estimates for predictor and control variables using full iterative generalised least squares 

(IGLS) methodology, followed by MCMC estimation using extended chains (250,000+ 

iterations) to satisfy accuracy statistics presented in MCMC diagnostic analyses.   
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3.3.3. Alternative methods of analyses (empirical 
perspective on theory) 

Three possible alternative analyses will be reviewed to determine whether they 

generate the same conclusions as drawn through the primary Bayesian approach.  The first 

alternative is to empirically check findings generated through using the average of the five 

plausible values as the dependent variable.   Such an approach has been criticised on 

theoretical arguments, where an explicit variance component associated with imputation is 

not included.  This study provides an opportunity to compare outcomes and weight of 

evidence on empirical grounds where the variance components are accounted for at each 

level of the hierarchical model, including variance within plausible values assigned to each 

student.  As a second alternative I will evaluate the more extreme case of developing 

multilevel models of achievement based on a single plausible value.  This will again provide 

empirical evidence of practice and will address the issues of whether any valid and 

significant conclusions can be drawn from using a narrow subset of the achievement data. 

Third and finally, I will compare earlier findings with the method recommended by IEA and 

other analysts who choose to follow Rubin’s recommendations for handling analyses based 

on multiple imputation and plausible value methodology; namely evaluating five separate 

models, one for each plausible value, and thereafter combining the results.  The direction and 

strength of effect as determined through Rubin’s method is compared with that generated 

through the other methods under consideration, inspecting observed changes in coefficient 

estimates, standard errors and effect sizes, noting instances where conclusions on substantive 

issues need to be revised in light of the evidence provided.   Recommendations on suggested 

practice will emerge, taking account of precision of findings and level of workload required 

to reach conclusions that satisfy substantive concerns.   

3.3.4. Effect size 

The use of effect sizes in reporting research has not as yet been universally accepted 

with much debate centred on the various forms, presentations and appropriateness of this 

statistic in published research (Coe, 2002; Lipsey ��	���+ 2012; Schagen and Elliot, 2004; 

Tymms ��	���, 1997).  A driving force behind increased use of effect size is to improve 

communication and interpretation of research findings, so that data and findings are 

presented in a useful and understandable format for policy and practice communities.  The 

American Psychological Association (APA) ‘encouraged’ effect size reporting in its 

*��������
�	������ (fourth edition, 2004). In the sixth edition (Fidler, 2010), the association 
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more forcibly spelled out the merits of reporting effect size with appropriate confidence 

intervals in an effort to move away from Null Hypothesis Significance Testing (NHST) that 

has dominated ‘over six decades [of] psychology and many other life and social sciences’ 

publications.  The emphasis on providing a measure of statistical uncertainty has also been 

made by Coe (2002) and several contributors to the volume titled ‘.��	����	�
��	��	����? 

#��	���	
�	������	��-��	��	�������
���	��������’ (Schagen and Elliot, 2004). 

A standardised mean difference effect size statistic is commonly referred to as the 

‘effect size’ in a model.  This statistic is a simple way of quantifying the difference between 

groups and as such can serve as a measure of the effectiveness of a factor in any of the 

multilevel models that I develop.  Following Coe (2002) the standardised effect size is 

basically the difference between mean values, divided by the pooled standard deviation.  The 

literature sets out this calculation in terms of experimental and control groups, but the 

equivalent in multilevel modelling will be a measure of difference in means between 

randomly assigned memberships of sub-groups.  If a full population is chosen and if there is 

a random assignment of say ‘working in groups’, then the effect size is calculated using the 

population standard deviation, or more strictly the pooled standard deviation of the randomly 

assigned sub-groups.  However if a particular sub-group was identified using background 

characteristics, and the same random assignment was analysed, then the pooled standard 

deviation for that restricted group would be used to calculate the effect size.  This would be a 

smaller standard deviation than used above for the full population leading to a 

correspondingly bigger effect size as a direct result of working with a restricted group.  In 

order to make sensible comparisons between models and to ground the effect size 

calculations for meta-analyses, it would make sense to use the variance from the null model 

rather than any model that includes control variables.  

The notion of reporting effect sizes is not new, but continued arguments centre on 

which type of index to use and whether variants on a pooled standard deviation are 

appropriate.  In relation to multilevel modelling as used in this study, following Sammons ��	

��. (2002) and Tymms (1997, 2004), the fixed part of the model is essentially the mean 

difference between two groups after controlling for all other factors.  With dichotomous and 

categorical (dummy) variables the effect size is therefore the regression coefficient divided 

by the pooled standard deviation.  Strictly this means the divisor should pool the raw 

standard deviation for the intervention and control samples, even when dealing with complex 

structures in multilevel models; the purpose being to get the best estimate of the respective 

population standard deviation by using all the data available.  However in multilevel 

modelling the variance for the population of students that is relevant for standardising the 
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effect is partitioned into between and within components: in this study I have between school 

variation, between teacher variation, and within teacher variation that is reported as between 

student variation. In my primary analysis I also have within student variation that accounts 

for variation between plausible values, but it is the population of students that is reported 

upon so our interest stops at that level.  This makes the between student variation the best 

estimate of the population variance and standard deviation.  For this reason the conventional 

effect size would standardise effects on the basis of the pooled student-level standard 

deviations, i.e. the square root of the within group variance in the null model (as argued 

above).  This is simply�23, making the effect size Ñ	 Òo4»  where 0� is the coefficient 

associated with the intervention (Tymms ��	���, 1997).     

When a continuous variable is considered in the model, the approach taken follows 

the principles presented by Glass ��	��� (1981), where they suggest: 

Ñ	 Xf]�n
Ó%� Y ]�n� ( 

Where:  � is the correlation between variables � and �;  

- is the unit normal deviate at the pth percentile. 

 

An effect size is found by considering it as though it was a dichotomous variable and 

deciding where to slice the continuous variable to form a discrete equivalent (‘discretise’ it). 

Fitz-Gibbon and Morris (1987) simplify the above by choosing the cut points to be one 

standard deviation above and below the mean, giving: 

Ñ	 X]Ô�� Y ]�� 
Tymms (2004: 62) provides a helpful graphic in support of this expression for the 

effect size (Figure 3.3-4).  The scatterplot is of two normally distributed variables each with 

a mean of 0 and SD of 1.  The slope of the line is equal to the correlation coefficient (�). 

Vertical lines have been drawn to indicate the points that are one SD above and below the 

mean of 0, tracking across to the values of Õ] given the gradient as �.   

Where the multilevel model has a continuous predictor and outcome that follow a 

normal distribution, or have been normalised (mean=0; SD=1), the coefficient is equivalent 

to �+ making the formula for effect size: 

Ñ	 X0�23  
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Figure 3.3-4: Graphical representation of effect size (Tymms, 2004) 

 
 

Tymms notes that if the predictor and criterion are not normalised the slope of the 

line is 0� and the vertical lines in Figure 3.3-4 will meet the horizontal axis at one 

�{��*]e,�hOi]�on either side of the mean.  The distance between the tracked lines that cut 

the vertical axis will now be�X0� � �{��*]e,�hOi]�, giving the more complex formula for 

effect size as: 

Ñ	 X0� � �{�*]e,�hOi]�23  

Any continuous predictors in my models have been normalised to avoid this 

additional complexity. 

When considering the margin for error in estimating effect sizes, Coe (2002:8) 

argues for a confidence interval since it keeps the emphasis on the effect size, rather than a 

p-value.  He goes on to cite a formula for calculating the confidence interval for an effect 

size �	 as given by Hedges and Olkin (1985: 86) as: 

2�,� 	 Ö[� x [×[� � [× x ,�
X�[� x [×� 

Where [��F,[× are the numbers in the experimental and control groups 

respectively.  The 95% CI for � would then be calculated from: 

, Y ��´µ � 2�,�  to  , x ��´µ � 2�,�. 
An alternative approach presented by Tymms (2004: 58) focuses on the ���
� of the 

effect size as calculated by combining the errors from both the coefficient and the SD.  If the 
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error in X is e]]� and � 	 ØÙ  (or�� 	 ¯ � Å) then in any error analysis: 

e]]�� 	 Öle]]¯¯ m� x le]]ÅÅ m� 

This can be computed quite readily from the multilevel output data to give errors of: 

e]]� 	 �� � Öle]]¯¯ m� x le]]ÅÅ m� 

This formula provides a suitable measure of uncertainty for the effect size and is the 

format used to report error bounds on computed effect sizes in my multilevel models of 

achievement.  Illustrative approaches for those calculations are presented in Appendix 3.6. 

The inclusion of effect sizes with accompanying measures of uncertainty do not 

replace other well-recognised statistics used in reporting findings but rather complement 

assessments of significance, publication of raw mean differences/ regression coefficients in 

multilevel models, and measures of percentage variance explained.  These statistics are 

included in outputs, noting the importance of providing effect size even where significance 

level has not been met.  The p-values on their own can be misleading, especially where there 

are large samples involved where almost any difference will be statistically significant. 

Using effect sizes to complement interpretation of findings is essential where comparing the 

relative contribution of coefficients from different variables that do not report on the same 

scales.  Having a normalised, unit-free measure satisfies the challenge of evaluating effect of 

different variables by making the outcomes directly comparable across the whole population, 

placing an emphasis on quantifying an effect rather than merely reporting statistical 

significance.   

Cohen (1969) sought to interpret such quantification within psychological research, 

by tabling bands of effect size as small, medium and large, with cut points of 0.2, 0.5 and 0.8 

respectively.  This was not intended as a rigid formulation of effect but in many quarters this 

classification has been accepted as a ‘standard’ interpretation.  Coe (2004) rightly criticises 

this stance as being overly simplistic and failing to take account of wider considerations such 

as cost benefits and practical feasibility in relation to other effects produced by comparable 

interventions. In the same volume, Goldstein (2004) urges users to consider mechanisms that 

support interpretation of effects, going beyond a single number summary by assuming 

responsibility for deciding how to make comparisons that take account of social utility and 

resource cost.  This will involve placing relative costs on competing effects – with analysts 

then making professional judgements over cost benefits in tandem with reported effect sizes.  

To assist with such judgements a range of related scales are suggested by Coe 



125 
 

(2004), linking effect size to known contexts including education grade equivalent (GCSE), 

educational performance in tests as typical for a year  of schooling, and others that relate to 

probabilities and percentiles as computed from a standard Normal distribution.  Effect sizes 

provide a direct measure of difference as measured in standard deviations. For instance an 

effect size of 0.35 means the score of the average person in the experimental group is 0.35 

standard deviations above the person in the control group. But effect size is equivalent to a z-

score of a standard Normal distribution so that same effect size of 0.35 means the average 

person in the experimental group will exceed 64% of those in the control group i.e. v�Ú |
��us� 	 ��µ¶.  It should be noted however that interpretation of effect size in terms of 

percentiles assumes normality and is very sensitive to violations of that assumption.  The 

diagnostic checks on variables within the TIMSS2007 data support normality, so as a means of 

interpreting effect sizes I will offer that parallel interpretation of the percentage of control 

group who would be below the average person in experimental group. 
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4. Exploratory Data Analysis of TIMSS2007 Questionnaires  

In addition to the achievement data on Mathematics and Science topics reported in the 

TIMSS2007 survey, the participating students provide background data on their learning 

context as based on home and school experiences including background attitudinal data 

about their learning of mathematics and science and academic self-concept.  Teachers and 

schools submit similar data about their teaching of mathematics and science, addressing both 

curricular coverage and pedagogies.  School personnel provided information on school 

staffing and resources, as well as individual and institutional contextual data that include 

facts on teachers’ professional training and education and views on school ethos and culture. 

Those data are gathered through questionnaires completed by students, their teachers (G4 

general and G8 specialist) and their schools (through administrator or Head Teacher 

response).  The latter data from teachers and schools are collected and reported as a ‘student 

attribute’, directly linked to the student’s response.  Although school-level analyses where 

the schools are the units of analysis can be performed, the IEA recommend analyses of 

school-level variables as attributes of students.  For example analyses with teacher 

background data seek to make statements ��
��	��������	��
��	��������	����	�	�����	

��������������, rather than about teachers with a given characteristic. E.g. investigating the 

percentage of eighth-grade students according to the age of their mathematics teachers: 

Table 4.1-1: Percentage of Students by Teacher Characteristics (S.E.) 

Gender Age 
      
Female Male 29 Years 

or Under 
30–39 
Years 

40–49 
Years 

50 Years or 
Older 

58 (3.1) 42 (3.1) 16 (2.1) 25 (3.0) 25 (2.9) 33 (3.6) 

 

The background data provide a rich source of information for the analysis of learners’ 

experiences in relation to TIMSS2007 achievement scores and recent / current policy 

initiatives within mathematics and science education.  

Exploratory analyses of the data, to ascertain distributions within responses for each 

variable as well as investigating any association with achievement data are summarised in 

this chapter with supporting data presented in Appendix 4.  First the student responses to the 

background questionnaire are explored.  These data reflect a mix of fact and opinion related 

to personal circumstances at home and outside school, and their experiences of mathematics 

and science in school.  Second the data collected from teachers of mathematics and science 

who teach the sampled students are described and analysed. Information pertaining to 
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teachers’ personal and professional background is considered in addition to the teachers’ 

responses to themes on instructional practices and attitudes toward teaching mathematics and 

science.  Given those data are gathered as another ‘student attribute’, it is permissible to 

investigate relationships with student level data and to consider associations with student 

achievement.  Third and finally for this exploratory data analysis (EDA), information about 

the student’s school is considered.  As above, those data are reported as ‘student attributes’ 

and will be analysed on that basis, with the responses from their school principal providing 

both factual information and professional opinion on school characteristics and the national 

education system experienced by the student. The EDA on school characteristics and 

students’ experiences in those settings will flag up potential associations with student 

achievement that can be considered further in later analyses.  Such analyses will be 

indicative of associations in the data, offering insights to which features will be worthy of 

closer inspection and more accurate scrutiny through  subsequent modelling of the data that 

will take full account of the clustered data structure.  An arithmetic average of the five 

plausible values for mathematics, science or their relevant sub-scales is used as a measure of 

location for student achievement when investigating association between achievement scores 

and the background variables of interest.   

The following sections will also illustrate details of methods used to compute 

derived variables, reduce data dimension through Principal Components Analysis (PCA), 

and rescale data using Snell’s scaling procedure for ordered categorical data (Snell, 1964; 

outlined in Chapter 3.2.6). These processes will be outlined and illustrated in full on the first 

opportunity that arises, thereafter presenting finalised format without a detailed breakdown 

of intermediate steps for every variable or situation.     
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4.1. Student Questionnaire (G4) 

Descriptive statistics are presented using weighted data, with total student weights 

(TOTWGT) being applied before computing analyses or drawing graphs of relationships 

between variables.   The rationale behind weighting of survey data is discussed more fully in 

Chapter 3.  Data presented in tabular format have been rounded to 2 effective digits 

(Chapman, 1996; Ehrenberg, 1986); a feature that makes it easier to read the demonstration 

tables but one that may result in components not adding to totals because they have been 

rounded independently.   The broad themes of relevance and interest to analysis of Scottish 

data and its comparator nations are presented under headings of biographical data (gender, 

home environment, resources and support for students), out-of-school interests, classroom 

experiences, ICT experiences, and school culture as perceived by the student cohort. 

4.1.1. Gender  

An even gender balance is reported with girls making up 50.6% of the weighted 

sample, but the associated mathematics achievement scores highlight a gender imbalance 

with boys scoring significantly higher than girls in the G4 cohort.  The analysis of variance 

revealed significant difference with mean mathematics achievement score for boys being 

higher than that reported for girls, Û���su³�s� 	 �·s�´� E | ����. The boys’ mathematics 

scores reflect a wide range of achievement with both the lowest and highest achievement 

scores of the sample located in the boys’ data set.  In contrast, the mean science achievement 

scores for G4 boys and girls are not significantly different at the 1% level, Û���su³u�� 	
s�¶s´� E 	 ����´.  The spread of achievement scores is again smaller for girls than boys, 

with girls having more clustered responses as shown in Table 4.1-1. This finding concurs 

with that reported by Powney (1996) who notes that males were more variable than females 

in test performance when dealing with aspects such as quantitative reasoning and spatial 

visualisation. 

Table 4.1-1: AVERAGE achievement by GENDER 

GENDER  

 Mathematics Science 

N Mean Std. Deviation Mean Std. Deviation 
BOY 26,600 499.0 79.1 501.0 75.5 
GIRL 27,200 490.4 70.9 499.6 67.2 

Total 53,800 494.7 75.2 500.3 71.4 
Figures have been rounded so columns may not equal total 

 
In order to summarise distributions of achievement, the IEA identify five benchmark 
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cut points of 400, 475, 550, and 625 that are applied to the data to categorise achievement 

scores into bands of achievement from ‘below 400’ to ‘at or above 625’.  An analysis of 

gender broken down by ‘band of achievement’ shows the major discrepancies between girls’ 

and boys’ mathematics achievement scores occur in the upper tail of the achievement 

distribution as highlighted in Figure 4.1-2.  Deary ��	��� (2003) report males in higher 

proportions at either extreme of the IQ distributions in their re-analysis of the Moray House 

Test, the main test used in the Scottish Mental Survey of 1932 (SMS1932).  In SMS1932 there 

was no gender difference in mean IQ scores but there was a more marked excess of boys at 

the extremes, with approximately 1.4 boys to every girl in the IQ 50 to < 60 and 130 to < 140 

bands (Deary ��	���, 2003: 538).  

The current data shows a difference in achievement between boys and girls at both 

ends of the scale (Table 4.1-2: Gender distribution within achievement bands).  At the lower 

and upper levels of achievement it is clear that boys feature more prominently, extending to 

1.9 boys to every girl in the highest achievement band (n=1,908).  There are also 

proportionally more boys (54%) in the second highest achievement band (n=11,032) as 

illustrated in Figure 4.1-1. 

A similar profile is evidenced in the G4 Science data.  Difference in achievement 

between boys and girls is concentrated at the extremes of the distribution, with 1.2 boys to 

every girl in the lowest achievement band (n=4,826) and over 1.8 boys to every girl in the 

highest achievement band (n=1,588), as illustrated in Figure 4.1-2. 

Figure 4.1-1: Gender proportions within Mathematics Achievement bands 
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Figure 4.1-2: Gender proportions within Science Achievement bands 

 

The major gender differences in the science data are confined to those extreme bands, 

with only smaller differences reported in the mid-range bands where achievement scores 

ranged from 400-625.   These findings prompt the inclusion of ‘gender’ in subsequent 

analyses when considering associations between students’ experiences and achievement 

scores.  

Table 4.1-2: Gender distribution within achievement bands 

Mathematics Science 
AVERAGE IBM_BANDS BOY GIRL Total BOY GIRL Total 
BELOW 400 3,200 2,800 6,100 2,600 2,200 4,800 

AT OR ABOVE 400 BUT 
BELOW 475 

6,500 8,100 14,600 6,500 6,800 13,300 

AT OR ABOVE 475 BUT 
BELOW 550 

9,700 10,500 20,200 10,500 11,900 22,300 

AT OR ABOVE 550 BUT 
BELOW 625 

5,900 5,100 11,000 5,900 5,800 11,800 

AT OR ABOVE 625 1,300 700 1,900 1,000 600 1,600 

Total 26,600 27,200 53,800 26,600 27,200 53,800 

Figures have been rounded so columns may not equal total 

Recent surveys in Scotland (SSA, 2008; SSLN, 2012) suggest boys tend to have 

better mathematics attainment than girls across most stages and levels in Primary and lower 

Secondary years.  Notably boys’ attainment was better at the highest levels tested at each 

stage, while at the lowest levels tested at each stage girls tended to have higher attainment; 

this concurs in part with present data for G4 students.  Although the age and stage of samples 

differ in SSLN2011, there is evidence of P4 and P7 boys outperforming girls, with about a five 

percentage point difference in the proportion of pupils performing ‘well’ or ‘very well’ 
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(SSLN, 2012). There was insufficient evidence of a difference in S2.  For both boys and 

girls, there was an underlying pattern of decreasing attainment relevant to the expected level, 

with the largest drop noted between P7 and S2.   

When considering science attainment of boys and girls separately, the underlying 

pattern of decreasing attainment, relative to expected levels, could be seen for both groups.  

In SSA2007, attainment levels in science ��
������	���	������������� showed a consistent 

gender difference in favour of the girls at Level A in P3, switching to a consistent difference 

in favour of boys at Level C and above in P5, P7 and S2; P5 and S2 being equivalent to G4 

and G8 in current data.  However, a similar analysis on science �������� items presents no 

consistent differences in achievement between girls and boys across stages and levels and in 

most cases the size of difference is small. At P7 the SSA reports relatively large differences 

with proportionally more girls than boys showing well-established or better skills at Levels C 

and D; where level D is the expected level of study for that stage.   

Although Tinklin ��	��� (2001) note that in the past, when it comes to analysis of 

older students’ performance in SQA examinations, males tended to out-perform females in 

certain subject areas such as mathematics and physics.  However data from 1999 onwards 

show that female candidates at Standard Grade were more likely than males to gain awards 

at Credit level or at General/Credit level in almost every subject they entered, including 

mathematics but with the exception of general science. Similarly for performance in Higher 

grade there is a gender difference in favour of girls.  Gender differences are well-

documented at the secondary school stage, with the largest differences in performance found 

at the highest levels of attainment:  more girls than boys gain five or more awards at 1-2 

(Credit level) and 1-4 (General and Credit level), with a similar pattern found at Higher 

Grade (Tinklin ��	���, 2001).  In their review of literature on gender differences, Tinklin ��	��� 

(2001) outline a range of social, environmental and cultural factors that potentially influence 

gender differences between students’ achievement, attitude, expectation, and confidence 

levels. Figure 4.1-3 displays the range of factors that emerged in that review, including the 

suggestion that a variety of different teaching strategies can be influential in maximising 

potential to engage with as many young people as possible.  An emphasis in their research 

was to move away from any gender stereotyping, or viewing of boys and girls as 

homogeneous groups, to focus attention on improving classroom practice for all pupils. 
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Figure 4.1-3: Factors influencing gender differences (Tinklin et al., 2001: 7) 

 

Geist and King (2008) contend it is important for teachers to consider actions that 

will support mathematics development in both boys and girls.  They acknowledge there are 

differences in the way boys and girls learn, but argue due consideration is given to the 

impact of particular teaching practices on each gender and whether selected practices are of 

equal benefit to boys and girls.  Some of the factors identified by Tinklin ��	��� (2001), in 

particular teaching styles, classroom interactions, and teacher-pupil relationships, are 

evidenced in the TIMSS2007 survey data and provide an opportunity to evaluate the empirical 

data to ascertain whether associations between achievement and gender that can be attributed 

in part to the suggested factors.  The title of Geist and King’s article: ‘Different, Not Better: 

Gender Differences in Mathematics Learning and Achievement’ highlights the fact that 

various factors interact with gender but are not consistently directional; some factors 

associated with higher achievement for girls and others associated with lower achievement – 

differences in evidence, but not consistently favouring one gender.   

4.1.2. Home background 

A range of ‘home’ factors are now presented, taking account of each variable’s 

distribution and association with achievement.  A first cluster of variables takes account of 

parental background and language spoken at home, and a second cluster serves as a proxy 

for social and economic status of the household.  For the first aspect, a new variable is 
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computed to combine data on students’ place of birth and where they spent their early 

formative years.  This variable provides data on whether or not a student was born in UK, 

and if not, whether they came to UK before school age (�5 years).  This is aggregated to a 

single dichotomous variable that summarises where they spent their early formative years.  

The standard naming convention for self-derived variables is: ‘A’ – G4, ‘S’ – Student, ‘D’ – 

Derived, with final letters used as a descriptor.   In this particular case the derived variable is 

named ASDBFORM, a derived G4 student-variable with the last five letters used as a 

descriptor for: Born or spent early FORMative years in the country (BFORM)     

Table 4.1-3: Formative years in UK (ASDBFORM) 

BORN OR LIVED IN UK 
FOR FORMATIVE 
YEARS (�5YRS) Frequency Percent 
EARLY FORMATIVE 
YEARS SPENT IN UK 

50,600 95.2 

ARRIVED IN UK 
OLDER THAN 5  

2,500 4.8 

Total 53,200 100.0 
 54,000  

 

Around 5% of respondents arrived in UK older than five years. The data in Table 

4.1-4 show the feature of ‘not having spent early formative years in the native country’ has a 

pronounced association with mathematics achievement score; science achievement is 

similarly associated with this student variable but the overall achievement in science is 

higher, with more closely grouped data than witnessed within the mathematics scores.   

Table 4.1-4: AVERAGE of achievement by Early Formative Years (ASDBFORM) 

  Mathematics Science 

BORN OR LIVED IN UK FOR 
FORMATIVE YEARS (<5YRS) N Mean 

Std. 
Deviation Mean 

Std. 
Deviation 

FORMATIVE YEARS SPENT IN UK 50,600 499.1 72.9 504.8 68.9 

ARRIVED IN UK OLDER THAN 5 2,500 422.1 74.3 428.0 70.8 

Total 53,200 495.4 74.8 501.1 71.0 

Figures have been rounded so columns may not equal total 

 

Another home-based variable concerns spoken language used at home, a measure of 

native language use at home with scope to provide potential indicator of bi-lingual status by 

reporting frequency of language skills in English being reinforced at home.  The National 

Research Coordinator (NRC) decided on the ‘native language’ (multiple languages as 

necessary in some nations) to ensure test items were presented in the language used in 
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school.  Students who could not read or speak the language of the test, and so could not 

overcome the language barrier of testing, were designated as non-native language speakers 

and could be withdrawn from the assessment; typically this excluded students who had less 

than one year of instruction in the language of the test (IEA, 2003). Students reported on 

frequency of using native language at home, picking the answer they ‘think is best’ from the 

options provided. 

Fewer than 10% of students report either ‘never’ or only ‘sometimes’ speaking 

English at home, but the mean achievement scores for students in those categories is 

considerably lower than that reported by others.  Some 13% of respondents report ‘almost 

always’ speaking English at home.  Given the options open to the students, ‘almost always’ 

being selected instead of ‘always’ implies the student is in command of more than one 

language, which could be interpreted as an indication of bi-lingual status.  Table 4.1-5 shows 

the students who identified themselves with the ‘almost always’ category show an 

association with high mean mathematics and science achievement scores and a narrow 

spread of achievement compared with those students who ‘always’ speak English at home. 

There also appears to be a sharp drop in achievement scores associated with the other 

categories of ‘sometimes’ or ‘never’, where English is not the dominant language used at 

home.  

Table 4.1-5: AVERAGE of achievement by Own Language at Home (English) 

   Mathematics Science 

OWN LANGUAGE AT HOME N Percent Mean s.d. Mean s.d. 

ALWAYS 42,100 78.4 495.3 74.9 501.5 71.3 

ALMOST ALWAYS 7,000 13.0 517.0 71.9 520.0 67.6 

SOMETIMES 3,200 6.0 466.2 65.6 468.5 59.9 

NEVER 1,400 2.6 438.2 62.8 446.1 64.2 

Total 53,800 100.0 494.7 75.2 500.3 71.4 

 

A second cluster of ‘home’ variables draws on the availability of resources in the 

home environment.  Home environments have been shown to be a major factor that 

influences overall child development, including early interactions with family members and 

quality of resources for learning that can impact on development (Iltus, 2006).  Gottfried 

(1985) reviews broad measures of SES based on Duncan’s �
��
��
�
���	�����, Siegal’s 


�������	����� and Hollingshead’s �
��	����
�	�����, concluding that Hollingshead’s four 

factor index is a strong candidate for informing child development research.  This four factor 

index takes account of parental occupation, education, marital status and gender; 
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unfortunately these can be difficult measures to collect in large-scale surveys.  It is not easy 

to produce sound measurements of the social and economic background of children, indeed 

it requires a substantial investment in data collection, coding, and data management (Hauser, 

1994). For that reason, proxy measures for home influence on child development are used in 

the absence of better measures for parental background, such as parental income, parental 

education and parental occupation that are recognised as three main indicators of SES (Sirin, 

2005; Mueller and Parcel, 1981).   

The first environmental measure considered here is the ‘number of books in the 

home’, a proxy for parental interest and potential to engage in reading with the student as 

well as modelling study techniques and personal reading at home.  Parental support can be 

through directly reading to their child or more implicitly by being active readers themselves, 

providing an interest in education through cultivating a learning environment at home where 

children are positively encouraged by observing their parents read: ‘Parents who read 

frequently to their children are also likely to read more themselves, have more books 

(including children's books) in the home, take their young children to the library, and so on.’ 

(Bus ��	���, 1995).  A number of studies have used this measure as a proxy for parental 

engagement and impact on students’ educational attainment, including Byrne and Smyth 

(2010) who acknowledge: ‘A large body of research in Ireland, as elsewhere, indicates 

significant differences in academic outcomes by aspects of parental background, including 

parental education, social class, number of books in the home and so on’ (Byrne and Smyth, 

2010: 13). The OECD includes this measure in their Programme for International Student 

Assessment (PISA) that reports on students aged around 15 years.  Kirsch et al. (2002) 

attempt to quantify the impact of various measures on student development as captured in 

PISA2000, reporting regression coefficients for a range of factors in relation to reading scores.  

These background factors, including ‘number of books at home’, explain variances within 

the data.  Table 4.1-6 shows regression coefficients at the within-school level for cultural 

communication with parents, educational resources in the home and the number of books in 

the home.  
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Table 4.1-6: Multilevel regression coefficients for model of reading proficiency 
(extracted from Table 7.5 in Kirsch et al, 2002: 242) 

� Cultural�
communication�

Home�Educational�
Resources�

Number�of�Books

� Regression�
coefficient�

S.E. Regression�
coefficient�

S.E. Regression�
coefficient�

S.E.

Denmark� 10.9 1.6 0.7 1.4 6.5� 1.2
Finland 5.2� 1.3 0.3 1.3 4.1� 0.9
Ireland 1.7� 1.4 4.8 1.5 6.7� 1.1
New�Zealand� �1.4 1.6 9.6 1.8 7.9� 1.2
Norway 7.2� 1.7 10.3 1.7 5.1� 1.3
Sweden 6.9� 1.4 1.3 1.2 5.5� 1.1
United�Kingdom� 3.3� �1.3 3.6 1.3 5.6� 1.0

 

The cultural communication between a student and his or her parents – discussing 

political or social issues; discussing books, films or television programmes; listening to 

classical music together – is associated with better reading performance in some countries, 

most markedly Denmark (10.9).  In half of the countries, however, the regression coefficient 

for cultural communication is not significantly different from zero.  The regression 

coefficients and standard errors in the final columns of Table 4.1-6, for the number of books 

in the home, show a fairly consistent and significant impact in the countries listed.  The 

overall range in PISA2000 runs from 0.6 in Brazil to 9.3 in the United States, and the 

regression coefficients are statistically different from zero in all except three countries: 

Brazil, Italy and Poland (Kirsch ��	���,2002).  Similarly, on the availability of educational 

resources in the home, such as text books, a desk, and a quiet place to study, a substantial 

impact is noted in some countries, including Norway (10.3) and New Zealand (9.6), but 

availability of educational resources appears to have no impact in a number of other 

countries such as Finland (0.3).  A factor on ‘home resources’ will be discussed and 

developed for later inclusion in my models of TIMSS data. 

Socio-economic status, insofar as value is placed on education and the number of 

possessions in the home related to education, is observed to provide an advantage to students 

where home support is high.  Students were asked to estimate the number of books in their 

home using a guide of shelves or bookcases to help quantify the number of books, reported 

as shown in the frequency distribution below.  Their responses were coded into five 

categories: 0 to 10 books; 11 to 25 books; 26 to 100 books; 101 to 200 books, and more than 

200 books. 

Just under one third of G4 students report having 25 or fewer books at home, a 

feature that is associated with low mean achievement scores as illustrated in Table 4.1-7 for 

science achievement data.  Having ‘none or very few’ books appears to be associated with 
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lower mathematics achievement and lower science achievement.   

Table 4.1-7: Average of mathematics and science achievement by number of books  

NUMBER�OF�BOOKS�AT�
HOME�(AS4BOOKS)�

� � Mathematics Science
N� Percent Mean s.d. Mean s.d.

0�TO�10�BOOKS� 6,500� 12.1 439.3 72.0 445.5 66.7�
11�TO�25�BOOKS� 10,500� 19.7 474.3 68.4 480.2 63.5�
26�TO�100�BOOKS� 17,500� 32.8 503.3 67.2 504.5 63.7�
101�TO�200�BOOKS� 9,900� 18.6 519.0 67.6 528.1 62.7�
OVER�200�BOOKS� 9,000� 16.8 517.9 79.0 527.6 74.8�

Total� 53,400� 100.0 495.2 74.9 500.3 71.4�

 

All three of the derived variables for ‘own language’, ‘early formative years’ and 

‘number of books’, show a strong measure of association with mean mathematics and 

science achievement, each demonstrating a significant association at the 0.01 level (2-tailed) 

on Spearman’s rho.  The ‘number of books at home’ appears to be a particularly strong 

indicator variable given the strength of association with mathematics achievement (Ü 	
��uX� and science achievement (Ü 	 ��u¶� reported in this analysis; much as expected on the 

basis of findings reported by Kirsch (2002).  

4.1.3. Home resources 

A second measure of home support to be considered for analysis is a combination of 

responses on the availability of resources and facilities at home.  This measure also serves as 

a proxy for parental support as discussed above. A Principal Component Analysis (PCA) 

was undertaken on the responses to the eight home resources identified in the student 

questionnaire – possession of calculator, computer, study desk, dictionary, internet 

connection, own bedroom, mobile phone and encyclopaedia.  This analysis used Kaiser’s 

Eigenvalue-one criterion and Catell’s Scree graph to guide the selection of variables as 

recommended in Tinsley and Tinsley (1987).  Responses to the 8-item section of the 

questionnaire were subjected to a PCA using ones as prior communality estimates. The 

principal axis method was used to extract the components, and this was followed by a 

varimax (orthogonal) rotation, to generate uncorrelated components.  This rotation method 

retains orthogonal axes (perpendicular) but transforms the axes to maximise the variance 

explained by the derived components.  The resultant components are clearer to interpret than 

in the un-rotated component matrix format, in that there will be high loadings on some 

variables and low loadings on others.   The varimax rotation method maximises the 

dispersion of loadings across components, as it tries to load a smaller number of items onto 
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each component, resulting in more interpretable clusters of components (Field, 2000).  

Using an oblique rotation method, such as Oblimin in SPSS, would result in a 

transformation of axes where they are no longer restricted to be perpendicular.  If the 

components interact with one another then the axes will no longer be orthogonal, a condition 

that is problematic and limiting in terms of how those components can be used in subsequent 

analyses. Given the resultant components are ultimately going to be used in regression 

models to explain variance in achievement scores, they should as far as possible be 

uncorrelated; hence my use of varimax rotation to finalise factor loadings for the derived 

principal components.  

In interpreting the rotated factor pattern, an item was taken to load on a given 

component if the factor loading was 0.4 or greater for that component, and was less than 0.4 

for the other components.  If an item appears to contribute to more than one component it is 

removed from the analysis since it will not be possible to assign uniquely to any one 

component, i.e. if it shows a loading of more than 0.4 on two or more components it cannot 

be claimed to make a unique contribution to one component.  Using these criteria, the 

variable on possessing a ‘study desk’ was dropped from the analysis as it loaded on more 

than one component and also because it accounted for a low proportion of common variance 

(0.33) as documented in the extracted communalities following an initial exercise in 

dimension reduction. 

Table 4.1-8: Total Variance Explained 

Comp�

Initial�Eigenvalues�
Extraction�Sums�of�
Squared�Loadings�

Rotation�Sums�of�Squared�
Loadings�

Total�
%�of�
Variance�

Cumulative�
%� Total�

Cumulative�
%� � Total�

%�of�
Variance�

Cumulative�
%�

1� 1.85� 26.5� 26.5� 1.85 26.5 1.50 21.5� 21.5�
2� 1.16� 16.6� 43.1� 1.16 43.1 1.48 21.1� 42.6�
3� 1.04� 14.9� 58.0� 1.04 58.0 1.08 15.4� 58.0�
4� 0.93� 13.3� 71.2� 0.93 71.2 1.00 14.3� 71.2�
5� 0.82� 11.6� 82.9� � � � � � �
6� 0.69� 9.8� 92.7� � � � � � �
7� 0.51� 7.3� 100.0 � � � � � �
Extraction Method: Principal Component Analysis. 
 

In this particular analysis I extended the number of components by relaxing the 

eigenvalue-one criterion because of the low percentage of total variance explained, leading 

to identification of four components as documented in Table 4.1-8.  Three items were found 

to load on the first component, which was subsequently labelled ‘study tools’ (calculator, 

dictionary and encyclopaedia). Two items loaded on the second component, which was 
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labelled the ‘ICT’ component (computer and internet connection).  The resultant analysis 

reduced the data to four components that suitably summarised the responses under headings 

of: home possession of ‘study tools’ and ‘ICT’ facilities, and retaining ‘mobile phone’ and 

‘own bedroom’ as stand-alone resources that reflect on SES and having a personal (study) 

space.  The four components as identified as above are justified in Table 4.1-8: Total 

Variance Explained and Table 4.1-9: Rotated Component Matrixa (Home Resources).   

Table 4.1-9: Rotated Component Matrixa (Home Resources) 

� Component 
1 2 3 4 

POSSESS\CALCULATOR 0.70    
POSSESS\COMPUTER  0.87   
POSSESS\DICTIONARY 0.75    
POSSESS\INTERNET CONNECTION  0.84   
POSSESS\OWN BEDROOM    1.00 
POSSESS\MOBILE PHONE   0.99  
POSSESS\ENCYCLOPAEDIA 0.65    

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
Factor loadings of less than 0.4 are not shown 
a. Rotation converged in 4 iterations. 

Components 3 and 4 are loaded on single items and so possession of ‘own bedroom’ 

and possession of ‘mobile phone’ are retained as separate variables. For components 1 and 2, 

I used factor-based scores rather than newly created variables based on the PCA factor 

scores (Cadima & Jolliffe, 1995).  This resulted in derived variables for ‘study tools’ 

(component 1) and ‘ICT’ (component 2) based on mean responses to contributing items.  

This approach reduces the amount of data used, with approximate factor scores being 

calculated i.e. factor scores based on only a few variables that have the highest factor 

loadings (Gorsuch, 1983). Information is lost in this process because the approximate factor-

based score strategy allows each item to contribute to only one component and equally 

weights all items assigned to a factor, whereas factor scores would take into account each 

variable's contribution to the component, however small.  This approximation means the 

components will not be strictly uncorrelated, but it does make for a straightforward 

interpretation and subsequent re-calculation within other data sets. 

Fewer than ten per cent of students had none or one of the study tools, whereas 

nearly seventy per cent had all three of calculator, dictionary and encyclopaedia at their 

disposal for home study.  There is a fairly linear association between the number of study 

tools and mean achievement scores, with higher mean scores associated with having all three 

study tools at home as documented in Table 4.1-10. 
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Table 4.1-10: AVERAGE of achievement by Study Tools (calculator, dictionary, and encyclopaedia) 

POSSESS\STUDY�TOOLS�
(CALC,�DICT,�ENCYCL)�

� Mathematics Science�
N Percent Mean s.d. Mean� s.d.�

NO�STUDY�TOOLS� 1,200 2.3 420.9 79.6 427.6� 80.4
ONE�OF�CALC,�DICT,�
ENCYCLOPAEDIA�

3,900 7.4 454.9 75.6 463.3� 71.1

TWO�OF�CALC,�DICT,�
ENCYCLOPAEDIA�

12,100 23.0 482.3 74.1 487.6� 69.5

ALL�THREE�OF�CALC,�DICT,�
ENCYCLOPAEDIA�

35,500 67.4 507.7 70.3 512.9� 67.2

Total� 52,800 100.0 496.0 74.5 501.5� 70.9

The majority of students (95%) report having a home computer.  Within that group 

only 10% do not have an internet connection.  A very small proportion of respondents have 

an internet connection but no home computer; presumably making use of the internet 

connection in association with a smart phone or equivalent handheld device, but we do not 

know from the data gathered.  Computer ownership is clearly very high, noting responses 

excluded games packages such as ‘PlayStation, GameCube, Xbox, or other TV/video game 

computers’ (TIMSS2007: G4 questionnaire).  However, we do not know how these computers 

are used, whether in support of study skills or solely for recreational internet surfing or 

equivalent.    We cannot say how the technology may or may not have a direct influence of 

their academic studies but the potential is there to be exploited; this measure also serves as 

an indicator of home support along the lines of ‘number of books’. The empirical data shows 

possession of these home ICT resources is associated with mean mathematics and science 

achievement; the association of data on ‘ICT capabilities at home’ with achievement is 

illustrated in Table 4.1-11. 

Table 4.1-11: AVERAGE of achievement by ICT (COMPUTER/INTERNET) 

POSSESS\ICT�
(COMPUTER+/�INT)�

� Mathematics Science�
N� Percent Mean s.d. Mean� s.d.�

NO�HOME�COMPUTER�OR�
INTERNET�

2,500 4.8 449.8 80.3 449.8� 76.2�

INTERNET�WITHOUT�
COMPUTER�

�500 0.9 431.3 90.0 445.5� 87.2�

COMPUTER�WITHOUT�
INTERNET�

�5,100 9.5 457.0 76.8 462.5� 73.6�

HOME�COMPUTER�AND�
INTERNET�

44,900 84.8 503.5 70.9 509.3� 67.1�

Total� 53,000 100.0 495.9 74.4 501.5� 70.9�

 

There appears to be a marked difference in achievement scores when considering 

associations with ICT, in particular whether or not the student has an internet connection as 
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well as a home computer; possessing  a home computer without internet functionality is 

associated with low achievement scores in both the mathematics and science cognitive items.  

Those divisions of possessing a computer with or without an internet connection will be 

explored in later analyses.  

Possession of a mobile phone within the G4 student cohort is high, with over 85% 

reporting ownership.  It is worth noting however that association with mathematics 

achievement is reversed, with significantly higher mean achievement scores associated with 

those who �
	�
� possess a mobile phone, as illustrated in Table 4.1-12.  A high proportion 

of Primary 5 students report possession of a mobile phone, but unlike possession of other 

technologies, ownership does not appear to be associated with higher achievement in either 

mathematics or science.  

Table 4.1-12: AVERAGE of mathematics achievement by Mobile Phone (AS4GTH07) 

POSSESS�
MOBILE�PHONE�

� � Mathematics Science
N� Percent Mean s.d. Mean s.d.

YES� 46,000� 85.8� 492.1 74.6 497.3 70.5
NO� 7,600� 14.2� 511.3 75.1 519.6 73.3
Total� 53,600� 100.0� 494.8 75.0 500.4 71.3

The final variable in this cluster of home-based features addresses whether students 

have their ‘own bedroom’ or not.  Just over three-quarters of the students report having their 

own bedroom (77%), a feature that has the potential to be associated with having a study 

space at home.  Less than one fifth of those students who have their own bedroom indicate 

they do not have a ‘study desk’; and two thirds of those without a ‘study desk’ have their 

own bedroom. Taking those proportions from Table 4.1-13 together, there are only around 

6% of students who have neither a study desk nor their own bedroom.  

Table 4.1-13: Cross-Tabulation of Own Bedroom & Study Desk 

COUNT� POSSESS�STUDY�DESK Total
YES NO

POSSESS�OWN�
BEDROOM�

YES� 33,800 7,300 41,000
NO� 9,000 3,300 12,300

Total� � 42,800 10,600 53,400

 

Responses to this question on possessing own bedroom, presents a proxy for having 

a study space at home; noting the earlier scratching of ‘possessing a study desk’ from the 

PCA because of the double loading with this component and ‘study tools’. This variable on 

‘possessing own bedroom’ could also serve as an indicator of SES.  The empirical data 
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shows an association between having one’s own bedroom and achievement scores in 

mathematics and science, where not having a personal space is associated with lower 

achievement scores.  

Table 4.1-14: Average of achievement by Own Bedroom (AS4GTH06) 

POSSESS�
OWN�BEDROOM�

� Mathematics Science�

N� Percent� Mean� s.d.� Mean� s.d.�
YES� 41,200 76.7 499.0 73.6 505.2� 70.0�
NO� 12,500 23.3 481.8 77.9 485.6� 73.1�

Total� 53,600 100.0 495.0 74.9 500.6� 71.2�

All of these home-variables show a strong measure of association with mean 

mathematics achievement.  The strongest associations with mathematics achievement are 

with ‘study tools’ and ‘computer +internet’ as shown in Table 4.1-15; all four of the derived 

variables demonstrate a significant association with achievement at the 0.01 level (2-tailed) 

on Spearman’s rho. 

Table 4.1-15: Correlations (Home) 

Spearman's rho� AVERAGE OF MATHEMATICS 
ACHIEVEMENT PVS (N=53,900)

 GEN\HOME POSSESS\ICT 
COMPUTER+INTERNET 

Correlation Coefficient 0.22** 
Sig. (2-tailed) 0.00 
N=52,900 

GEN\HOME POSSESS\STUDY 
TOOLS (CALC, DICT, ENCYCL) 

Correlation Coefficient 0.23** 
Sig. (2-tailed) 0.00 
N=52,700 

 
GEN\HOME POSSESS\MOBILE 
PHONE 

Correlation Coefficient 0.10** 
Sig. (2-tailed) 0.00 
N=53,500 

GEN\HOME POSSESS\OWN 
BEDROOM 

Correlation Coefficient -0.10** 
Sig. (2-tailed) 0.00 
N=53,500 

** Correlation is significant at the 0.01 level (2-tailed). 
 

4.1.4. Out-of-school interests and experiences

The eight out-of-school interests and experiences that students reported on were: 

watching TV or videos; playing computer games; playing or talking with friends; doing jobs 

at home; playing sports; reading books for enjoyment; using the internet; and doing 

homework.  The response to how much time students spend on out-of-school activities was 

on a five point ordinal scale going from ‘no time’ through ‘less than 1 hour’, ‘1-2 hours’, 

‘more than 2 hours but less than 4 hours’ to ‘4 or more hours’ in any normal school day.   
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Responses to the 8 items were subjected to a principal component analysis using ones as 

prior communality estimates. The principal axis method was used to extract the components, 

and this was followed by a varimax (orthogonal) rotation as discussed for Home Resources.    

Table 4.1-16: Total Variance Explained (Outside School) 

Comp.�

Initial�Eigenvalues�
Rotation�Sums�of�Squared�
Loadings�

Total�
%�of�
Variance�

Cumulative�
%� Total�

%�of�
Variance�

Cumulative�
%�

1� 2.24� 27.9� 27.9 1.72 21.8 21.8
2� 1.35� 16.8� 44.8 1.51 18.8 40.6
3� 1.02� 12.7� 57.5 1.35 16.9 57.5
4� 0.81� 10.1� 67.6
5� 0.72� 9.0� 76.6
6� 0.71� 8.8� 85.4
7� 0.65� 8.1� 93.6
8� 0.52� 6.4� 100.0
Extraction Method: Principal Component Analysis. 
 
Figure 4.1-4: Scree Plot for Outside School 

 

The first three components displayed eigenvalues greater than 1, generating the 

values presented in Table 4.1-16: Total Variance Explained (Outside School), and confirmed 

as appropriate through the Scree plot shown in Figure 4.1-4 where the elbow is used to 

signify selection cut off point.  Combined, components 1, 2 and 3 accounted for 58% of the 

total variance. 

Extra-curricular activities and out-of-school interests and experiences have been 

reduced to three components, structured around the headings: Individual (IND), Personal 

Development (PDEV), and Social (SOC).  These groupings are supported by PCA as 

detailed in Table 4.1-17: Rotated Component Matrixa (Outside School), where the 

questionnaire items and corresponding factor loadings are presented.   
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Table 4.1-17: Rotated Component Matrixa (Outside School) 

Things�you�do�outside�school,�spend�time�…� Component
1�(IND) 2�(PDEV) 3�(SOC)�

WATCH�TV�OR�VIDEOS� 0.77 0.07 �0.01�
PLAY�COMPUTER�GAMES� 0.82 �0.01 0.13�
PLAY�TALK�WITH�FRIENDS� 0.16 0.09 0.76�
DO�JOBS�AT�HOME� �0.01 0.72 0.17�
I�PLAY�SPORTS� 0.08 0.09 0.82�
READ�BOOK�FOR�ENJOYMENT� 0.03 0.74 �0.07�
USE�INTERNET� 0.65 0.12 0.22�
DO�HOMEWORK 0.14 0.65 0.12�

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 4 iterations. 
 

As discussed above when extracting components within analysis of Home 

Resources, basing the components on approximate factor scores doesn’t take full account of 

the data. Two alternatives are now considered in arriving at suitable components for 

inclusion in subsequent analyses of achievement data.  First the components will be derived 

using Anderson-Rubin factor scores and second a rescaling mechanism is illustrated, picking 

up on the method as outlined in section 3.2.4 for the rescaling of ordinal polytomous 

variables. 

 As a primary method on this occasion, the components from Table 4.1-17 are 

generated using the Anderson-Rubin factor scores produced by PCA on SPSS, making the 

resultant components uncorrelated and therefore suitable for inclusion as independent 

explanatory factors in later regression models. These factor scores can be meaningfully 

interpreted given the minimal loadings contributed by items that are more firmly aligned 

with another component.  For instance surfing the internet is primarily a solitary activity as it 

is hard to share a screen or co-browse.  The end-user will usually be on their own, operating 

independently, even although part of this type of computer activity may involve using social 

networks.   This first component is regarded as an ‘individual’ component (IND), highly 

loaded by ‘watching TV’, ‘playing computer games’ and ‘using the internet’, as shown in 

Table 4.1-17.  Playing computer games and browsing the internet are therefore the dominant 

elements for the derived variable on individual activity (IND) accepting there may be a small 

social element (SOC) where those games are played with friends (loading of 0.16), or when a 

piece of collaborative homework (PDEV) is pursued on the internet (loading of 0.14).   

The second component is about furthering personal development (PDEV), primarily 

though doing jobs at home, reading or doing homework, but this strand also has a small 

contribution from using the internet (loading of 0.12), a contribution that rests quite 



148 
 

comfortably within the overall experience and interpretation of furthering personal 

development.  The dominant features of the third component are those of active and sociable 

activities (SOC), but this will also include spending time with friends on either a computer 

game, doing jobs at home, internet browsing or doing homework (loadings of 0.13, 0.17, 

0.22 and 0.12 respectively).   

These three derived variables are strongly statistically significant, but offer a 

substantively weak correlation with achievement scores as illustrated in Table 4.1-18.   

Table 4.1-18: Correlations of Anderson-Rubin factors with mean Maths Achievement Score 

 A-R  factor 
score IND  

A-R  factor 
score PDEV  

A-R  factor 
score  SOC  

AVERAGE OF 
MATHEMATICS 
ACHIEVEMENT PVS 

Pearson Correlation -0.043** -0.077** -0.013** 

Sig. (2-tailed) 0.000 0.000 0.006 

N 47,900 47,900 47,900 

**. Correlation is significant at the 0.01 level (2-tailed). 

They appear to have a weak non-linear association with achievement, with low and 

high levels of participation associated with lower achievement scores, as illustrated most 

noticeably with the ‘Individual’ and ‘Personal Development’ components presented in Table 

4.1-19 and Figure 4.1-5. 

 

  

 

 

 

 

 

 

 

Using the Anderson-Rubin factor scores was an alternative to a factor-based scores 

method, as pursued with the Home Resources cluster outlined earlier.  That approach will 

reduce the dimensionality of the data whilst retaining a meaningful construct that can be 

interpreted easily.  For example, here the three derived variables would be generated on the 

basis of the average response recorded across the contributing items.  The IEA use such a 

Figure 4.1-5: Association between Anderson-Rubin factors and Mathematics Achievement 
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technique within the published data, generating derived variables using the ‘combination of 

responses method’ to construct indices.  Index scores are determined by classifying the cases 

into a high, medium, or low level of an index depending upon the combination of responses 

provided to the original items. For example:  

In the index of Good School and Class Attendance, cases were classified into the 
high index level if the three source items (arriving late at school, absenteeism, and 
skipping classes) were reported to be not a problem. Cases went to the low index 
level when two or more behaviors were reported to be a serious problem or two 
behaviors were reported to be a minor problem and the third a serious problem. The 
medium level included all other combinations of responses. In addition to 
constructing indices, the combination of responses method also was used to 
construct some specific derived variables.  (TIMSS Technical Report, 2003:315)  

 

Three ways of handling ordinal polytomous variables such as these are outlined and 

discussed in the methods chapter (3.2.6).  The first option is to consider an IEA-style ‘index’ 

to partition the variance in the model; second option is to retain an extended categorical 

response for the variable, taking each value from the average of combined scores; and third 

option involves a rescaling of the derived metric to take account of the observed data, 

following Snell’s scaling procedure for ordered categorical data (Snell, 1964). 

 By way of illustration, using the factor-based scores for Individual, Personal 

Development, and Social components from Table 4.1-17, the IEA-style indices can be 

computed as follows.  Given the five point ordinal scale going from ‘no time’ through ‘less 

than 1 hour’, ‘1-2 hours’, ‘more than 2 hours but less than 4 hours’ to ‘4 or more hours’ in 

any normal school day, indices based on the IEA-style of classification are generated with 

LOW as an average of less than or equal to 2 (less than 1 hour ); HIGH for 4 or more (more 

than 2 hours); and MEDIUM (MED) being those spending an average of between 1 and 2 

hours on activities within the component.  The distribution of Individual activities and 

associated achievement scores are presented in Table 4.1-19. 

Similar patterns of association with achievement scores are in evidence across both 

disciplines, with highest achievement associated with MID-index of time on ‘individual’ 

activities and lower achievements associated with LOW and HIGH indices.  The distinction 

between LOW and MID index is less pronounced when considering associations within 

science achievement data, whereas the HIGH index is clearly associated with low 

achievement scores in both disciplines. 
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Table 4.1-19: Index for Individual activity (ASDIND) - distribution and associated achievement 
scores (s.d.) 

�
Frequency Percent 

Valid 
Percent

Cumulative 
Percent 

Mean 
Mathematics 
Achievement  

Mean  
Science 
Achievement 

Valid LOW 17,700 32.8 33.0 33.0 490.5 (75.5) 501.6 (73.4) 
MID 30,300 56.1 56.5 89.4 502.5 (72.8) 504.8 (68.2) 
HIGH 5,700 10.5 10.6 100.0 467.5 (78.3) 474.0 (75.3) 

Total 53,600 99.4 100.0  494.8 (75.1) 500.5 (71.3) 
Missing System 300 0.6 �    
Total 54,000 100.0 �    
 

Comparable analyses of associations between achievement scores in mathematics 

and science and the other derived indices on out-of-school activities and experiences 

(‘Social’ and ‘Personal Development’), are presented in Appendix 4.  Similar patterns of 

association as noted above are in evidence, with highest achievement scores associated with 

mid-index engagement with the out-of-school-activities.  Low levels of social activity are 

associated with low achievement scores, with a more pronounced association noted with 

mathematics achievement as opposed to science achievement.   

In contrast to the Individual and Social variables, it is primarily only ‘high’ levels of 

reported engagement with Personal Development activities that are associated with low 

achievement scores.   The core contributing elements to this derived variable are ‘doing jobs 

at home’, ‘reading’ or ‘doing homework’, activities that might be argued as supportive of 

learning.  However, when these are in excess, with students spending an average of more 

than 2 hours per night on each of those aspects, there appears to be a negative association 

with achievement.  This observation may reflect on the learners’ ���� to do a lot of out-of-

school study to keep up with, or to catch up on, work they have struggled with; it is worth 

noting however that only a small proportion of students align themselves in this category, 

with only 3.5 per cent of the G4 cohort reporting a HIGH index on the Personal 

Development derived variable.   

Although these ‘absolute’ indicative measures of time spent on various out-of-school 

activities provide the analyst with relevant data, interpretation is not immediately transparent 

where the total amount of time that students self-report for those out-of-school activities will 

vary.  For instance if each activity is reported as anything from no time to more than 4 hours, 

then on average across three activities a student attributed with a HIGH index (more than 2 

hours on each activity), spends the equivalent of at least 6 hours per day on that cluster of 

activities. 
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An alternative representation is to consider a ‘relative’ measure, such as the 

proportion of time that students indicate for each of the clusters within their total out-of-

school commitments.  Students have their own ‘total’ based on the total allocation to 

activities outside school; technically scoring anything from 8 upwards (scores that equate to 

no time through to their total hours of out-of-school activity).  What is of interest in the 

analysis is the way the students choose to use their time outside school, the relative time 

devoted to each cluster as a proportion of the total.   Such an analysis will determine whether 

there are any associations between the proportion of time spent on different types of activity 

and the achievement scores recorded in mathematics and science. The proportion of time that 

students spend on each component is computed to give the variables with a PROP-prefix; 

with distributions as indicated in Table 4.1-20 

Table 4.1-20: Proportion of time spent on each component of out-of-school activities (%) 

� N� Minimum Maximum Mean Std.�Deviation�
PROPIND� 47,900 11 68 37.3 8.1�
PROPSOC� 47,900 8 56 30.7 7.3�
PROPPDEV� 47,900 11 69 32.0 7.7�

 

By way of confirming the associations with achievement scores identified above, an 

index of these proportional distributions is derived.  An equal division of time across these 

clusters would afford uu 
Ý per cent to each, so cut points based on 25 and 40 per cent are 

used to reflect ‘low’ and ‘high’ relative proportions – with an average of less than or equal to 

25 per cent of their out-of-school activity taken as a ‘low’ proportion; 40 per cent or more 

taken as a ‘high’ proportion; and ‘mid’ being assigned to those spending an average of 

between 25 and 40 per cent of their total out-of-school time on the cluster of activities within 

that component.   

Table 4.1-21: Average of mathematics/science achievement by index for proportion individual 

MATHEMATICS� SCIENCE�
INDEX�FOR�PROPIND� N� Mean� S.D.� Mean� S.D.�
LOW�(�25%)� 3,200� 486.5� 77.6� 500.6� 78.0�
MID� 26,900� 500.2� 73.4� 506.1� 70.5�
HIGH�(�40%)� 17,800� 498.2� 73.9� 501.1� 68.6�

Total� 47,900� 498.5� 73.9� 503.9� 70.4�
 

Comparing the data presented in Table 4.1-21 with those presented in Table 4.1-19 , 

it is apparent that highest achievement scores continue to be associated with mid values in 

the index.  However, the high index on the proportional variable (relative to other out-of-
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school activities) shows a weaker association than that reported earlier on the absolute scale 

for a high take up of activities classified as ‘individual’.  Relatively low levels of 

engagement with ‘individual’ activities are associated with low achievement scores; a more 

noticeable association in mathematics than science.   

A similar comparison with achievement data on both the ‘social’ and ‘personal 

development’ indices highlights an association of high achievement with mid values on the 

proportional index.  Low achievement scores are associated with both low and high 

frequency of engagement with Social activities (Table 4.1-22) but a slightly different pattern 

emerges when considering responses concerning time spent on Personal Development (Table 

4.1-21).   

Table 4.1-22: Average of mathematics/science achievement by index for proportion social 

MATHEMATICS� SCIENCE�
INDEX�FOR�PROSOC� N� Mean� S.D.� Mean� S.D.�
LOW�(�25%)� 11,300� 488.6� 83.0� 496.1� 78.3�
MID� 31,000� 502.6� 71.1� 507.8� 68.7�
HIGH�(�40%)� 5,600� 495.9� 67.6� 498.2� 60.4�
Total� 47,900� 498.5� 73.9� 503.9� 70.4�

Table 4.1-23: Average of mathematics/science achievement by index for proportion personal development 

MATHEMATICS� SCIENCE�

INDEX�FOR�PROPPDEV� N� Mean� S.D.� Mean� S.D.�

LOW�(�25%)� 9,700� 494.4� 66.8� 494.3� 60.2�

MID� 31,100� 502.6� 74.5� 507.9� 70.7�

HIGH�(�40%)� 7,100� 486.3� 78.7� 499.5� 79.7�

Total� 47,900� 498.5� 73.9� 503.9� 70.4�
 

In contrast to the data in Table 4.1-22, a relatively low proportion of time spent on 

personal development is associated with low achievement scores (much as before) but the 

relatively high measure of engagement with ‘doing jobs at home’, ‘reading’ or ‘doing 

homework’ highlights a difference between disciplines in how those activities are associated 

with achievement (Figure 4.1-6).  Students who report spending 40 per cent or more of their 

out-of-school activities on ‘personal development’ (high index) show an association with 

lower mathematics than science achievement scores.   

Using the proportional measure takes account of the alternative options that students 

choose to engage with in out-of-school activities.  The same broad picture is painted, with 

moderate levels of engagement associated with high levels of achievement and with Low and 

High levels of engagement more generally associated with low levels of achievement.   
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Using the IEA-style ‘index’ to partition the variance in the model simplifies the structure but 

in so doing ignores a lot of variance and potential explanation of association between these 

derived variables and the dependent variable on achievement. 

 

 

 

 

 

 

 

 

 

The second approach set out in Chapter 3.2.6 for handling ordinal polytomous 

variables is to retain an extended categorical response for the variable, taking each value 

from the average of combined scores.  For example, in the social component (ASDSOC) that 

combines ‘play or talk with friends’ (PLFD) and ‘play sports’ (PLSP), the original 5-point 

response with scores of 1 through 5 for ‘no time’ to ‘4 or more hours’, extends to a 9-point 

scale when computing the average of the contributing scores (as shown in Table 4.1-24).  For 

other components, where there are more contributing variables, the number of scale points 

will increase further.  Taking this extended categorical scale as an ordinal measure for 

SOCIAL, there is no evidence to support a linear association of this derived variable with 

mean mathematics achievement; Spearman’s Rho, of -0.004 does not support a linear 

association with mean mathematics achievement.    

However, considering such an extended categorical scale as following an underlying 

continuous metric, a curvilinear relationship can be explored and analysed to determine 

whether this interval scale is associated with mathematics achievement.   

 

 

 

Figure 4.1-6: Mean achievement scores by index of proportion personal development 
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Table 4.1-24: Derived scale for SOCIAL 

ASDSOC� Frequency� Percent� Cumulative�%
1.00� 1,400� 2.7� 2.7
1.50� 2,800� 5.2� 7.9
2.00� 5,800� 10.9� 18.8
2.50� 7,100� 13.2� 32.0
3.00� 9,600� 17.9� 50.0
3.50� 8,700� 16.3� 66.3
4.00� 7,700� 14.3� 80.6
4.50� 4,100� 7.6� 88.2
5.00� 6,400� 11.8� 100.0

Total� 53,600� 100.0� �

 
Figure 4.1-7 suggests the curvilinear association, which is supported by the Pearson 

correlation coefficients reported in Table 4.1-25 where the squared social variable 

(ASDSOCSQR) is highly correlated with mathematics achievement, showing significance at 

the 0.01 level (2-tailed). 

Figure 4.1-7: Average of mathematics achievement – mean score (95% CI) and spread by SOCIAL 

  

 

 

 

 

 

 

 

Table 4.1-25: Correlation with Mean Mathematics Achievement 

�
AVERAGE�OF�
MATHEMATICS�
ACHIEVEMENT��

SOCIAL�
OUTSIDE�
SCHOOL� SQUARED�SOCIAL�

AVERAGE�OF�
MATHEMATICS�
ACHIEVEMENT�PVS�

Pearson�Correlation 1� �0.003� �0.033**�

Sig.�(2�tailed)� � 0.498� 0.000�

N� 53,960� 53,610� 53,610�

**�Correlation�is�significant�at�the�0.01�level�(2�tailed).�
 

A final development of scale involves a rescaling of the derived metric to take 

account of the observed data, following Snell’s scaling procedure for ordered categorical 

data outlined in Chapter 3.2.6 (Snell, 1964).  This is illustrated below, using the approximate 
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solution described in that chapter, and as applied to the SOCIAL variable considered above.  

First, the empirical proportions in each category are used to replace the theoretical 

proportions v/���in equations (3) and (4) replicated below.  

� 	 ���M� 	 [��e��©�<�©�¡q( Y �� Y
[�K
�e��©�ªq<�©�( Y �� x [� Yr%F�� x F���K
(v/���

$
��


 

  for � 	 �X� 
 � Y X    (3) 

� 	 ���M� 	 [t<
�e��©«¡q<�©«¡5� Y �� x [t<
 Yr�F��t<
 x F�t�v/��t<
�
$
��


 

   for � 	 �� Y �   (4) 

In this case, the scale has 5 categories (� 	 �s) and the distribution of responses for 

the contributing variables is as presented in Table 4.1-26.  The corresponding data of 

observed proportions (*��) and cumulative proportions are provided in Table 4.1-27 and 

Table 4.1-28 

Table 4.1-26: Distribution of responses SOCIAL 

SOC� 1� 2 3 4 5 TOTAL�
PLFD� 4,309� 12,788 12,112 9,569 13,897� 52,675�
PLSP� 5,075� 10,684 15,642 8,891 11,988� 52,280�
TOTAL(N) 9,384� 23,472 27,754 18,460 25,885� 104,955�

 

Table 4.1-27: Observed proportions (Þ~ß)
SOC� 1� 2 3 4 5�
PLFD� 0.082� 0.243 0.230 0.182 0.264�
PLSP� 0.097� 0.204 0.299 0.170 0.229�
TOTAL(N)� 0.089� 0.224 0.265 0.176 0.247�
 

Table 4.1-28: Observed Cumulative Proportions (Þ~ß)
SOC� 1� 2 3 4 5�
PLFD� 0.082� 0.325 0.555 0.736 1.000�
PLSP� 0.097� 0.301 0.601 0.771 1.000�
TOTAL(N)� 0.089� 0.313 0.578 0.753 1.000�
 

The final set of data required to evaluate equations (3) and (4) are the values of 

n(i,j)+n(i,j+1) as presented in Table 4.1-29 

Table 4.1-29: VALUES OF n(i,j)+n(i,j+1) 

i\j� 1� 2� 3� 4� 5�
1� 17,097� 24,900� 21,681� 23,466�
2� 15,759� 26,326� 24,533� 20,879�
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Starting with equation (4), where � 	 s�à�� 	 ¶,  the known values are substituted 

to give: �
[á�e��â<�ã� Y �� 	 r%F
�á x F
�ä(*
�á�

�
��


Y [á�
[áV %F
�á x F
�ä(*
�á����
 Y [á 	 e��â<�ã� Y ��

�³¶µ�X�µ³� � ��·uµ x X¶suu � ��··� Y �³¶µ� x � 	 e��â<�ã��
 

Resulting in: e��â<�ã� 	 X��Xs 
 

Following the same approach, substituting known values into equation (3) another 

two equations are formed:�
y�åã<å5� 	 X�s�´ 

and � e��5<�q� 	 s�µ�� 
 

Taking the natural logarithms of both sides and working from the basis of  M
 	 �, 

the values of M� can be deduced to be: M� 	 ��·Xu� MÝ 	 X�µ¶·�à�Má 	 u�¶��. 

 
The final step is to evaluate the rescaled interval values.  In a traditional scoring 

system the scale for five categories is developed from cut-points �$		($= 0, 1, 2, 3, 4, 5) such 

that category �$	 corresponds to the interval �$�%	to �$		

	

	

	 �$		 &	 %	 '	 (	 )	 /	

	 �$	 1 2 3 4 5 

   

As discussed in Chapter 3.2.6 the upper tail mean value is at a distance Y�di�3v�®¥ 

beyond the point Má, i.e. Y æç�1��áè�
<1��áè 	 ��³s³ beyond 3.400�	 Similarly for the average value 

in the lower tail, the mean value will be at a distance Y�di�3v�®¥ below the point M
 that 

has already been defined to be zero, i.e. Y æç�1�1éê�
<1�1éê 	 X�µs� below zero.  The mean values of 

the other boundaries are calculated to give the intermediate intervals for s.  Those values and 

their Normalised equivalents (taking  MÌ 	 ��·us��F,�2 	 X�µ�´ ) are presented in Table 

4.1-30. 

Figure 4.1-8: Intervals defining categories
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Table 4.1-30: Rescaled values for SOCIAL variables 

j� 1� 2� 3� 4� 5�
s� �2.65� 0.86 2.19 3.02 5.26�
Normalised� �1.68� �0.33 0.17 0.49 1.35�

 

The G4 data is recoded by applying those values to the separate variables that 

contribute to SOCIAL, replacing the original scoring system of 1 to 5.  The resultant 

responses are combined and averaged to give the distribution for a new derived variable for 

scaled social (SCLSOC) as presented in Table 4.1-31.   

Table 4.1-31: Rescaled values for weighted SOCIAL (SCLSOC)  

SCLSOC� Frequency� Percent Cumulative�
Percent�

�1.68 1,500� 2.7 2.7
�1.00 2,800� 5.2 7.9
�0.76 1,700� 3.2 11.2
�0.60 900� 1.6 12.8
�0.33 4,100� 7.6 20.4
�0.16 1,300� 2.5 22.9
�0.08 6,200� 11.6 34.5
0.08 3,100� 5.8 40.3
0.17 5,200� 9.7 50.0
0.33 5,200� 9.7 59.6
0.49 2,800� 5.2 64.8
0.51 3,600� 6.6 71.5
0.76 4,900� 9.1 80.6
0.92 4,100� 7.6 88.2
1.35 6,400� 11.8 100.0

Total 53,600� 100.0
 

The association of the rescaled social variable (SCLSOC) with mean mathematics 

achievement is illustrated in Figure 4.1-9 .  There is a significant association at the 0.05 level 

(2-tailed) between this scaled social variable and mathematics achievement scores; 

Spearman’s rho correlation coefficient of -0.009.  The squared variable is also strongly 

associated with mathematics achievement, significant at the 0.01 level (2-tailed); Spearman’s 

rho correlation coefficient of -0.140, indicating a curvilinear association.   

 
 
 
 
 
 
 
 



158 
 

 

 

 

 

 

 

 

 

 

Although there is a lot of variability within responses a non-linear relationship can 

be seen with lower scores associated with the extreme values in the variable.  As with the 

earlier extended categorical scale, this derived variable can be considered to follow an 

underlying continuous metric, which strengthens analysis as supported by Pearson’s 

correlations shown in Table 4.1-32 

Table 4.1-32:  Correlations (Rescaled Social – linear and squared terms for scaled social 
variable) 

�
AVERAGE�OF�
MATHEMATICS/�
SCIENCE�
ACHIEVEMENT�PVS SCLSOC� SCLSOCSQD�

AVERAGE�OF�
MATHEMATICS�
ACHIEVEMENT�PVS�

Pearson�Correlation 1.000 �0.009* �0.140**�

Sig.�(2�tailed)� 0.037 0.000�

N 53,862 53,507 53,507�

AVERAGE�OF�SCIENCE�
ACHIEVEMENT�PVS�

Pearson�Correlation 1 �0.036** �0.182**�

Sig.�(2�tailed)� 0.000 0.000�

N 53,975 53,625 53,625�

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

  

Repeating the above for the other components derived from out-of-school activities 

gives rescaling values for ‘individual’ activities and those associated with ‘personal 

development’ as shown in Table 4.1-33.  

 

Figure 4.1-9: Average of achievement – mean score (95% CI) and distributional spread by scaled social 
(SCLSOC) 
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Table 4.1-33:  Rescaled values for INDIVIDUAL (IND) and PERSONAL DEVELOPMENT 
(PDEV)  

	 j 1 2 3 4 5 
IND Normalised -1.56 -0.26 0.02 0.23 1.57 

PDEV Normalised -1.44 -0.27 -0.05 0.08 1.68 

 

A greater number of scale points are generated for those components, given the 

derived variables are based on three contributing elements.  This illustrates the movement 

towards a continuous metric, an assumption that is made when rescaling the ordered 

categorical data using Snell’s methods.  Although there is wide variation within each 

category there appears to be a curvilinear association with achievement scores for both 

distributions, as illustrated in Figure 4.1-10: Distribution of achievement by scaled 

Individual and scaled Personal Development.  The distribution of each derived variable is 

virtually identical for both disciplines, so only one is shown for illustration.  This curvilinear 

association is supported as above by tabulating the Pearson correlation coefficients for 

association between mathematics (and science) achievement scores and the derived variables 

for the rescaled ‘individual’ activities (SCLIND & SCLINDSQD) as presented in Table 

4.1-34.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1-10: Distribution of achievement by scaled Individual and scaled Personal Development 
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Table 4.1-34: Correlations (Rescaled Individual) 

�
AVERAGE�OF�
MATHEMATICS/�
SCIENCE�
ACHIEVEMENT��

SCALED�
INDIVIDUAL��
(SCLIND)�

SCALED�
INDIVIDUAL��
(SCLINDSQD)�

AVERAGE�OF�
MATHEMATICS�
ACHIEVEMENT�PVS�

Pearson�Correlation 1 �0.051** �0.213**�
Sig.�(2�tailed)� 0.000 0.000�
N� 53,960 53,649 53,649�

AVERAGE�OF�
SCIENCE�
ACHIEVEMENT�PVS�

Pearson�Correlation 1 �0.080** �0.194**�
Sig.�(2�tailed)� 0.000 0.000�
N� 53,975 53,664 53,664�

**. Correlation is significant at the 0.01 level (2-tailed) 

 

Similar results are shown for ‘personal development’ (SCLPDEV & 

SCLPDEVSQD) where support for a curvilinear association with achievement scores is 

confirmed though Pearson correlations presented in Table 4.1-35.   

 

Table 4.1-35: Correlations (Personal Development) 

�
AVERAGE�OF�
MATHEMATICS/�
SCIENCE�
ACHIEVEMENT��

SCALED�
PERSONAL�
DEVELOPMENT��
(SCLPDEV)�

SCALED�
PERSONAL�
DEVELOPMENT��
(SCLPDEVSQD)�

AVERAGE�OF�
MATHEMATICS�
ACHIEVEMENT�PVS�

Pearson�Correlation 1 �0.039** �0.216**�
Sig.�(2�tailed)� 0.000 0.000�
N� 53,960 53,637 53,637�

AVERAGE�OF�
SCIENCE�
ACHIEVEMENT�PVS�

Pearson�Correlation 1 �0.015** �0.245**�
Sig.�(2�tailed)� 0.000 0.000�
N� 53,975 53,652 53,652�

**. Correlation is significant at the 0.01 level (2-tailed) 

 

The process of rescaling ordered categorical data using Snell’s approximate method 

is shown to benefit analytical opportunities by increasing the power of resultant models. The 

observed association with achievement data is strengthened by basing the scoring system on 

the empirical findings, rescaling the metric in line with Snell (1964) and considering the 

derived variable to follow an underlying continuous measure.  This makes the resultant 

derived variables more finely tuned to the data and will highlight potential associations with 

dependent variable.  Where appropriate, this third development of rescaling ordered 

categorical measures will be used to investigate associations with achievement data in later 

multilevel regression models.  
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4.1.5. Classroom experiences (G4 mathematics) 

Data considered in this section include learning experiences that reside within either 

the ‘traditional’ or ‘reform’ categories of practice discussed in the review of substantive 

issues.  The reform movement calls for an increase in experiences that are claimed to 

enhance learning with a corresponding reduction in experiences that are of a traditional style 

and deemed to restrict students’ understanding of content and achievement in mathematics 

and science.   The experiences that come under the ‘reform’ category seek to provide a more 

effective education, boosting students’ achievements and improving school effectiveness.  

Analyses of students’ experiences and achievements will provide empirical evidence of the 

level of uptake within the disciplines in Grades 4 and 8, and insight to the relative 

effectiveness of those learning experiences and their association with achievements in 

mathematics and science.  The empirical data will also address whether the ‘reform’ agenda 

is showing evidence of the claims made in the literature.   

Respondents were asked to indicate the frequency of exposure to specified 

experiences or styles of learning, using a 4-point scale that runs from ‘every or almost every 

lesson’ through ‘about half the lessons’ and ‘some lessons’, down to ‘never’.  To ease final 

interpretation of these variables, responses on the scale were ‘reversed’ to present higher 

scores in line with the claimed benefit in learning and understanding, i.e. features that should 

be associated with high achievement scores.  An exploratory data analysis of frequency of 

exposure was completed along with analyses of the mean mathematics and science 

achievement scores for each variable to confirm suitability for inclusion in subsequent 

multilevel models; analyses of experiences in science are presented separately from those in 

mathematics because the range of experiences is not replicated across disciplines or stages.  

The selection of learning experiences identified in the literature review that are 

reported for students in G4 mathematics classes are: 

0��
��������	
�������	���	1�������
�	

1. Explaining answers 

2. Memorising formulae, processes and how to work out problems 

2�����	3�������	4	*��������	2���������	

3. Measuring things in the classroom, taking a practical hands-on approach 

4. Making tables charts or graphs, using data collected and having ownership 

of development and presentation of data 
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3�������	5����
�����	

5. I work by myself to answer questions 

6. Working with other students in small groups 

�
������	

7. Relating what is learned in mathematics to their daily life   

 

The EDA confirms the suitability of including the majority of these variables.  The 

distribution of responses and direction of association highlights where explanation of 

variance can be investigated through the multilevel models.  In some instances, such as 

response on use of �
������, where there is minimal difference in achievement scores across 

response categories, the variable is unlikely to provide significant explanation of variance in 

the full model; this will be confirmed in subsequent analyses.  

4.1.6. Classroom experiences (G4 science) 

As with the classroom experiences in mathematics, the data under consideration 

includes learning experiences that reside within either the ‘traditional’ or ‘reform’ categories 

of practice discussed in science education.  Respondents were asked to indicate the 

frequency of exposure to the experience or style of learning, using a 4-point scale that runs 

from ‘at least once a week’ through ‘once or twice a month’ and ‘a few times a year’, down 

to ‘never’.  The categories are much broader than those used for mathematics, presumably 

because science teaching in G4 is not necessarily explicitly pursued with the same regularity 

witnessed in mathematics education.  As with the mathematics scales, to ease final 

interpretation of these variables, responses were ‘reversed’ to present higher scores in line 

with the claimed benefit in learning and understanding that should be associated with high 

achievement scores.  An exploratory data analysis for each variable was undertaken to 

confirm suitability for inclusion in subsequent multilevel models; analyses of experiences in 

science are also presented in Appendix 4.  

The selections of learning experiences identified in the literature review for students 

in G4 science classes are reported under the same broad headings: 

 

0��
��������	
�������	���	1�������
�	

1. Write or give an explanation for something I am studying in science 

2. Memorizing science facts 
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2�����	3�������	4	*��������	5�
��������	

3. Watch the teacher do a science experiment 

4. Design or plan a science experiment or investigation 

5. Do a science experiment or investigation 

3�������	5����
�����	

6. Work by myself to answer questions 

7. Work with other students in small group on a science experiment or 

investigation 

�
������	

8. Relate what is learned in science to their daily life   

 

The EDA again confirms the suitability of including the majority of these variables.  

The distribution of responses and direction of association highlights where explanation of 

variance can be investigated through the multilevel models.  As noted in the mathematics 

data, instances where there is minimal difference in achievement scores across response 

categories will provide limited explanation of variance; the effect of those variables will be 

confirmed in subsequent analyses.  

In the reform movement there is a call for a reduction in ‘memorising things’ and 

passive learning, in favour of an increase in active learning and ownership of learning 

experiences.  Data on students’ engagement with practical aspects of science and 

opportunities for them to experience the scientific method will prove useful in evaluating 

levels of ownership and active learning that come through the cluster of variables 3 to 5 

above, reporting on opportunities to watch, plan and do experiments or investigations.  A 

distinction is drawn between opportunities to ‘watch the teacher doing the activity’ and 

students actively ‘planning’ the experiment or ‘doing the experiment or investigation’ 

themselves. 

In all three situations a common finding was an association between low science 

achievement scores and students ‘never’ having opportunities to engage with science 

experiments or investigations.   There are strong correlations between the three variables, as 

documented in Table 4.1-36, reflecting the possibility that the same students are affected in 

the majority of cases.  
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Table 4.1-36: Correlations (WATCH/PLAN/DO science experiments & investigations) 

�
WATCH�
TEACHER�DO�
SCI�EXP�

PLAN�SCI�EXP�
OR�INVEST�

DO�SCI�EXP�
OR�INVEST�

WATCH�TEACHER�DO�
SCIENCE�EXPERIMENT�

Pearson�Correlation� � 0.385**� 0.447**�
Sig.�(2�tailed)� 0.000 0.000
N=53,200� 52,200 52,300�

PLAN�SCI�EXPERIMENT�
OR�INVESTIGATION�

Pearson�Correlation� 0.385**� � 0.531**�
Sig.�(2�tailed)� 0.000 0.000
N=52,600� 52,200 51,800�

DO�SCI�EXPERIMENT�����
OR�INVESTIGATION�

Pearson�Correlation� 0.447**� 0.531**� �
Sig.�(2�tailed)� 0.000 0.000
N=52,700� 52,300 51,800

**.�Correlation�is�significant�at�the�0.01�level�(2�tailed).
�

 

However, cross tabulations indicate otherwise.  Focusing on the ‘never’ category, 

the response that is associated with low achievement scores, the partial breakdown of 

watching and planning science experiments for those who never do science experiments or 

investigations is presented in Table 4.1-37.  A high proportion of over one fifth of students 

report never doing science experiments or investigations, a response that appears to be 

associated with low science achievement scores.   If doing practical experiments or 

investigations is valued as suggested by the reform movement then this analysis provides 

data on whether there are opportunities for watching or planning when students never do 

experiments themselves. 

Table 4.1-37: Analysis of 'never' DO experiments by PLAN and WATCH science experiment 

NEVER DO SCI EXP 
OR INVEST  AT LEAST ONCE 

A WEEK 
ONCE OR TWICE 
A MONTH 

A FEW TIMES 
A YEAR NEVER Total 

PLAN SCIENCE 
EXPERIMENT OR 
INVESTIGATION 

500    
(4%) 

500    
(4%) 

2,000 
(18%) 

8,400 
(74%) 11,400 

WATCH TEACHER DO 
SCI EXPERIMENT 

2,000 
(18%) 

1,700 
(15%) 

2,900 
(26%) 

4,800 
(42%) 11,400 

 

This breakdown shows that just fewer than three quarters of students who never do 

experiments report never planning investigations, but that nearly 60 per cent of those 

students watch a teacher doing experiments at least a few times a year.  The combination of 

doing, watching and planning will be explored in the multilevel analyses, noting that 

opportunities for doing and planning are more closely aligned with a reform agenda, but that 

watching teachers do experiments may be the minimum expectation for engagement with 

practical activities and scientific method.   
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4.1.7. ICT experiences 

ICT experiences in school, at home and in public spaces is reported to give a profile 

of availability and access.  This wider information, given its direct focus on supporting 

schoolwork, complements that reported under ‘home resources’. The distribution of response 

and associated achievement scores are presented in Table 4.1-38.  A significant majority of 

students make use of computers at both home and school, a feature that is associated with 

high achievement in both disciplines.  There is a small amount of variation in achievement 

scores dependent on whether students make use of computers in ‘one’ of home, school or 

other (such as a public library).  Although less than one per cent of students do not use a 

computer at all, this lack of opportunity of experience is associated with a low mathematics 

achievement score and an even lower science achievement score in contrast to other response 

categories in science.   

 

Table 4.1-38: Average of G4 mathematics/science achievement by computer use (home, school, 
other)

COMPUTER�USE�
Mathematics� Science�

N� Percent� Mean� S.D.� Mean� S.D.�
PC�BOTH�AT�HOME�AND�AT�SCHOOL 42,500 79.4 501.7 72.9� 506.1� 69.4

PC�AT�HOME�BUT�NOT�AT�SCHOOL� 6,600� 12.4� 474.1� 78.2� 487.7� 74.6�
PC�AT�SCHOOL�BUT�NOT�AT�HOME 3,500 6.6 462.4 73.7� 467.5� 71.2
PC�ONLY�AT�PLACES�OTHER�THAN�
HOME�AND�SCHOOL�

400 0.8 471.8 62.4� 480.4� 48.4

DO�NOT�USE�PC�AT�ALL� 400� 0.8� 475.3� 91.7� 463.0� 85.9�

Total� 53,500 100.0 495.2 74.8� 500.8� 71.1

 

A distinction between calculator and computer use is made within mathematics 

education.  The reported frequencies and associated achievement scores are presented in 

Appendix 4.  Around one third of students report ‘never’ using a calculator in their 

mathematics lessons, a feature that is associated with lower achievement scores than those 

associated with using a calculator in ‘some lessons’.  A high proportion of students report 

‘never’ using a computer in mathematics classes – nearly 50 per cent of the cohort – with 

just over a further third using a computer in some of their lessons.  More than half the cohort 

never uses a computer in science lessons with just over a fifth using a computer in some 

lessons.  As with the mathematics data there is no obvious association between frequency of 

experience and science achievement scores, other than noting that the achievement scores 

dip with very frequent use of computers in lessons.   
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Student’s use of computers in support of schoolwork, in and out of school, highlights 

highest achievement scores are associated with fairly infrequent use, and that high use of 

computers does not appear to offer any advantages in terms of achievement score.  Those 

who ‘never’ use computers for their mathematics schoolwork, in or out of school, have a 

higher than average achievement score.  The data indicates home computers are not used 

extensively to directly support school work whether internet connected or not.  

4.1.8. School culture and ethos 

Measures of school culture and ethos are derived from the two clusters of variables 

that relate first to students’ perception of (i) peers’ attitudes to study and (ii) teachers’ 

expectation of students, and second how welcoming and ‘safe’ they find the school 

environment.   

The climate of learning is reported through two variables that seek response on the 

extent to which: ‘I think that children at my school try to do their best’; and ‘I think that 

teachers at my school want children to do their best’.  Responses for both items range from 

‘disagree a lot’ through to ‘agree a lot’.   The climate of learning is taken to be the 

combination of these two variables, but given the skewed nature of the separate distributions 

a dichotomous derived variable is generated to reflect agreement with both variables (‘a 

little’ or ‘a lot’) or disagreement in one. This measure provides very limited evidence of 

variance across response categories.    

The second measure of school ethos reflects how ‘safe’ students feel at school, 

taking into account their responses to five features of school life.  An IEA derived variable 

produced an index of High, Medium and Low perception of being safe, based on the 

students’ responses to the following set of questions:  

In school, did any of these things happen during the last month? 

1. Something of mine was stolen (AS4GSTOL); 
2. I was hit or hurt by other student(s) (e.g., shoving, hitting, kicking) (AS4GHURT);  
3. I was made to do things that I didn't want to do by other students (AS4GMADE);  
4. I was made fun of or called names (AS4GMFUN);  
5. I was left out of activities by other students (AS4GLEFT). 

A high perception of safety was assigned on the basis of responding ‘no’ to all five 

statements; a low perception of safety assigned if there were three or more responses of 

‘yes’; with all other combinations falling into the medium category for perception of safety;  

the index was coded as missing if there were 2 or more source questions with invalid data.  

The data show an association between feeling safe in school and achievement, with lower 

achievement scores when students report a low perception of safety.  



167 
 

4.2. Student Questionnaire (G8) 

A comparable exploration of the data from students in G8 was carried out.  In the 

following sections any similarities and differences in response from G4 are highlighted.  

Where appropriate, further explanation or comment is provided but in the main, the bulk of 

findings documented in Appendix 4 lead to similar conclusions and justification for using 

these variables in subsequent analyses.   

4.2.1. Biographical data 

An even gender balance is reported in G8 but the associated mathematics and science 

achievement scores highlight a gender imbalance with boys scoring significantly higher than 

girls in the same stage.  This finding concurs with research evidenced discussed in 4.1.1 

(Powney, 1996 and SSLN, 2012).  

The G8 variable that takes account of parental background is an extension of that 

presented within G4 analyses with an additional category to cater for those students who 

came to UK when older than 10 years.  The three categories provide data on whether or not a 

student was born in UK, and if not, whether they came to UK before school age (�5 years), 

during their primary education phase (aged 5 to 10 years), or when older than 10 years.  The 

standard naming convention for G8 variables (as deployed by IEA) is to have the prefix ‘B’ 

– in this particular case the derived variable is BSDBFORM, a G8 student-variable derived 

from other registered variables, with the same naming convention as described earlier.    

The data in Table 4.2-1 show the feature of ‘not having spent early formative years 

in the native country’ has a strong association with mathematics and science achievement 

score.  As with earlier tabulated data, figures have been rounded so columns may not equal 

totals.  A clear pattern of lower achievement scores appears to be associated with students 

who arrived in the UK in their later years, with those arriving after age 10 being associated 

with the lowest achievement scores in mathematics and science.   

Table 4.2-1: AVERAGE of achievement by Early Formative Years (BSDBFORM) 

� Mathematics Science�
BORN�OR�LIVED�IN�UK�FOR�
FORMATIVE�YEARS�(<5YRS)� N� Mean�

Std.�
Deviation� Mean�

Std.�
Deviation�

FORMATIVE�YEARS�SPENT�IN�UK� 55,900 490.5 75.5 498.7� 75.9�
ARRIVED�IN�UK�AGED�5�TO�10�YEARS 700 452.3 90.3 459.6� 93.9�
ARRIVED�IN�UK�OLDER�THAN�10�
YEARS�

1,200 436.1 94.3 439.2� 92.5�

Total� 57,800 488.9 76.6 497.1� 77.1�
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The home-based variable concerning spoken language used at home (BS4OLANG) 

is reported with associated mean achievement scores in G8 mathematics and science.  Unlike 

the data from the G4 students, there is no enhancement within the ‘almost always’ category, 

but rather a pattern of declining achievement associated with reducing levels of English 

spoken at home.  

The other home-based variables, or environmental measures to be considered for 

inclusion are the same as in G4 with the ‘number of books in the home’, and ‘home 

resources’ available to students in support of their studies. The latter was broken down into 

four components following a PCA analysis of the data as detailed in Appendix 4, resulting in 

‘study tools’ (calculator, dictionary, and encyclopaedia), ICT resources (computer and 

internet), possession of ‘mobile phone’, and ‘own bedroom’.  As with the G4 data, 

possessing a ‘study desk’ was dropped from the analysis because it was loaded on more than 

one component, following the same line of argument set out in 4.1.3.  There is a linear 

association between the number of study tools and mean achievement scores in G8, with 

higher mean scores associated with having all three study tools at home. 

A significant majority of the G8 students (97.5%) report having a home computer.  

Within that group only 6% do not have an internet connection.  This measure is taken as an 

indicator of home support along the lines of ‘number of books’. The empirical data shows 

possession of a computer ���� internet connection is positively associated with mean 

mathematics and science achievement.  As with the other home resources, the effect of 

increased support in the form of ICT has a stronger association with science achievement 

scores.  

A substantial majority of the G8 students report having their own bedroom (85%), a 

feature that has the potential to be associated with having a study space at home.   The 

empirical data shows an association between having one’s own bedroom and both 

mathematics and science achievement scores; a stronger association appears to be present 

within the science achievement data.

Possession of a mobile phone within the G4 student cohort was high, with over 85% 

reporting ownership.  This rises to 97% of G8 students, a feature that appears to be 

associated with a small but significant 

������	effect on student achievement (F=9.7; 

p=0.002).  
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4.2.2. Out-of-school interests and experiences (G8)

A similar analysis of the out-of-school interests and experiences for students in G8 

produced a different pattern of relationship.  Responses to the nine items were subjected to a 

principal component analysis much as outlined in 4.1.4, using ones as prior communality 

estimates. The principal axis method was used to extract the components, and this was 

followed by a varimax (orthogonal) rotation as discussed earlier. 

The resultant components are slightly different to those reported for G4 students, but 

still reflect on out-of-school activities as primarily:  of an ‘individual’ nature (IND); as a 

reflection on ‘personal development’ (PDEV); and as a measure of ‘social’ engagement with 

other students (SOC); plus two standalone components that loaded on a single variable, i.e. 

Play Sport (PLSP) and Paid Work (WKPJ) 

The ‘social’ dimension with this age group identified two variables as contributors 

for the component: play and talk with friends; and using the internet.  This represents a shift 

in loading from that reported for G4 students, where ‘using the internet’ was aligned with 

solitary activities and grouped within the ‘individual’ component.  For the older students the 

data shows a higher loading on the ‘social’ component, with likely links to social media on 

the internet (such as Facebook); I note in Table 4.2-2 that there remains a small loading on 

the ‘individual’ component (0.28) but that this loading is not included in subsequent analyses 

(dropped from consideration on ground of loading being less than 0.4).  

Table 4.2-2: Rotated Component Matrixa (G8 Outside School) 

Things�you�do�outside�school�
Component

1�(IND) 2�(PDEV) 3�(SOC)�

GEN\SPEND�TIME\WATCH�TV�OR�VIDEOS 0.80 �

GEN\SPEND�TIME\PLAY�COMPUTER�GAMES 0.85 �

GEN\SPEND�TIME\PLAY�TALK�WITH�FRIENDS 0.86�

GEN\SPEND�TIME\DO�JOBS�AT�HOME 0.66 �

GEN\SPEND�TIME\READ�BOOK�FOR�ENJOYMENT 0.73 �

GEN\SPEND�TIME\USE�INTERNET (0.28) 0.71�

GEN\SPEND�TIME\DO�HOMEWORK 0.76 �

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
Factor loadings of less than 0.4 are not shown 
b. Rotation converged in 4 iterations. 
 
These three components for ‘individual’, ‘personal development’ and ‘social’ 

aspects of out-of-school activities are re-scaled in line with arguments presented earlier 
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(Snell, 1964).  Table 4.2-3 presents the re-scaling factors for the score values contributing to 

each component. 

Table 4.2-3:  Re-scale factors for INDIVIDUAL (IND), PERSONAL DEVELOPMENT 
(PDEV) and SOCIAL (SOC) components 

	 j 1 2 3 4 5 
IND Normalised -1.53 -0.47 0.04 0.46 1.50 

PDEV Normalised -1.41 -0.56 -0.01 0.37 1.61 

SOC Normalised -1.69 -0.34 0.17 0.54 1.31 

 

The resultant associations with mathematics and science achievement scores support 

a curvilinear association with achievement scores for both distributions.  When these 

variables are entered into the multilevel models the best fitting polynomial will be selected to 

maximise potential association with the dependent variable. 

The two stand-alone components for ‘playing sport’ and having a ‘paid job’ were 

reported on the basis of time spent each school day, ranging from no time through to 4 or 

more hours.  Just under a third of respondents indicate less than an hour or no time playing 

sport, with almost a fifth engaged in sporting activities for 4 or more hours each day.  There 

is a distinct difference in uptake across genders (percentage of male /female participation 

rates are included in Table 4.2-4) but there are comparable numbers of boys and girls in the 

response categories that appear to offer the greatest association with enhanced achievement 

scores i.e. 1 to 2 hours and the neighbouring category of more than 2 but less than 4 hours.  

The empirical data supports the argument for an active schools agenda, encouraging 

participation in a broad definition of sport such as that offered by Council of Europe (2001): 

Sport means all forms of physical activity which, through casual and organised 
participation, aim at expressing or improving physical fitness and mental well-being, 
forming social relationships or obtaining results in competition at all levels. 
 

Coulter (2005) notes there is no definitive evidence of a positive, causal relationship 

between physical activity/sport and academic achievement and although there are some 

studies where correlations have been found (Thomas ��	��� , 1994; Etnier ��	���, 1997), the 

explanation for the nature and direction of association remains speculative.  Coulter 

concludes that although the evidence is inconclusive on improved academic performance, 

there are indications that it does not have a negative effect and sporting activity does offer 

physical and emotional benefits.  The empirical data here is less supportive of that final 

claim if high levels of participation are witnessed, where a negative association is 

documented when playing sport for 4 or more hours per day.  However, participation in 

sporting activities for anything from 1 to 4 hours appears to be associated with higher levels 
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of achievement as set out in Table 4.2-4. 

 

Table 4.2-4: Average of achievement by ‘playing sport’  

SPEND TIME\I PLAY 
SPORTS 

  Gender Mathematics Science 

N Percent M(%) F(%) Mean s.d. Mean s.d.

NO TIME  7,900 13.7 7.7 19.5 472.0 80.5 483.6 83.0 

LESS THAN I HOUR  10,900 19.0 13.0 24.8 487.5 75.5 494.7 77.3 

1 TO 2 HOURS 16,600 28.8 25.9 31.6 503.2 75.5 510.3 75.9 

MORE THAN 2 BUT 
LESS THAN 4 HOURS 

10,700 18.6 23.1 14.3 501.4 73.1 511.4 73.1 

4 OR MORE HOURS 11,400 19.8 30.3 9.8 470.1 72.2 477.7 70.5 

Total 57,400 100.0 100.0 100.0 489.0 76.4 497.4 76.9 

 

Over three-quarters of the students do not work in a paid capacity.  Of those that do, 

there appears to be a negative association with achievement scores in both mathematics and 

science as the level of paid work increases.   

4.2.3. Classroom experiences (G8 mathematics) 

Respondents were asked to indicate the frequency of exposure to the experience or 

style of learning, using a 4-point scale that runs from ‘every or almost every lesson’ through 

‘about half the lessons’ and ‘some lessons’, down to ‘never’.  Responses on the scale were 

‘reversed’ to present higher scores in line with the claimed benefit in learning and 

understanding.  The selection of learning experiences identified in the literature review that 

G8 mathematics students report on, are: 

 

0��
��������	
�������	���	d�������
�	

1. Explaining answers 

2. Memorising formulae and procedures 

2�����	l�������	and	p��������	a���������	

3. Deciding on own procedures for solving complex problems 

4. Interpreting data in tables, charts or graphs 
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3�������	e����
�����	

5. Work problems on our own 

6. Working together in small groups 

7. Listen to the teacher give a lecture-style presentation 

�
������	

8. Relating what is learned in mathematics to their daily life   

#����
�
��	

9. We use calculators 

10. We use computers 

11. Use a computer for mathematics schoolwork (in and out of school) 

2���������	���	f�������	

12. Review our homework 

13. Have a quiz or test 

An exploratory analysis of exposure is presented in Appendix 4 for each experience 

in turn, confirming suitability for inclusion in later multilevel models.  The mean 

mathematics achievement scores for each variable are presented separately from experiences 

in science because the range of experiences is not replicated across disciplines.   

Some notable findings that can be followed through in the multilevel analyses 

include: 

7
�����	�
�
���	
�
�����	 

The association between levels of ownership of procedures for solving complex 

problems with achievement scores shows a marked reduction in achievement as the 

frequency of opportunity increases.  This empirical finding is at odds with claims on the 

benefits of autonomy and ownership of strategies used within problem solving, where 

students who frequently decide on their own procedures for solving complex problems are 

associated with lower achievement scores.   

1����	����	

Just under one fifth of students never experience relating what they learn in 

mathematics to their daily life, but this does not seem to adversely affect their learning, in 

that the ‘never’ category is associated with a higher than average achievement score. The 

absolute difference in achievement scores is not as extreme as witnessed with some of the 

other variables, but the differences between groups are still statistically significant (63, 57912 = 

418.1, 
 < 0.001). 
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3������������	
���������
�	

A high proportion of G8 students report listening to the teacher giving a lecture-style 

presentation on ‘every or nearly every lesson’. This experience is associated with a high 

achievement score, whereas the lowest mathematics achievement score is associated with the 

‘never’ category.  Again there is a highly significant variance across categories where 

decreasing achievement scores are associated with the lower frequencies of a lecture-style of 

presentation (63, 58203 = 1113.5, 
 < 0.001).  

4.2.4. Classroom experiences (G8 science) 

As with the classroom experiences in mathematics, the G8 data considered here 

relate to the predictor variables identified in Chapter 2.  Respondents were asked to indicate 

the frequency of exposure to the experience or style of learning using the categories of 

‘every or almost every lesson’ through ‘about half the lessons’ and ‘some lessons’, down to 

‘never’; the broader categories (‘a few times a year’, ‘once or twice a month’ etc. ) reported 

in G4 science are less applicable for the secondary school experience where science will be 

taught in dedicated timetable slots in the same way as mathematics.   As with the previous 

sections, to ease final interpretation of the scales and variables, responses were ‘reversed’ to 

present higher scores in line with the claimed direction of association with high achievement 

scores.  For each variable an analysis of frequency of exposure is examined alongside the 

mean science achievement score. The selections of learning experiences identified through 

the literature review are clustered under the following headings with associated exploratory 

data analyses reported in Appendix 4: 

0��
��������	
�������	���	1�������
�	

1. Give an explanation about what has been studied 

2. Memorizing science facts and principles 

2�����	3�������	4	*��������	5�
��������	

3. Watch the teacher demonstrate a science experiment or investigation 

4. Design or plan a science experiment or investigation 

5. Conduct an experiment or investigation 

3�������	5����
�����	

6. Work problems on our own 

7. Work in small groups on an experiment or investigation 

8. Listen to the teacher give a lecture-style presentation 
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�
������	

9. Relating what is learned in science to our daily lives 

#����
�
��	

10. We use calculators 

11. Use a computer for science schoolwork (in and out of school) 

2���������	���	6�������	

12. Review our homework 

13. Have a quiz or test 

 

In the reform movement there is a call for a reduction in ‘memorising things’ and 

passive learning, in favour of an increase in active learning, conducting practical 

experiments and investigations, and ownership of learning experiences.  The mean science 

achievement scores for each variable are analysed to investigate general trends within the 

data. Some notable findings that can be followed through in the multilevel analyses include: 

5�
�������	

Only a small proportion of G8 students ‘never’ have opportunities to give 

explanations about what they are studying.   Where there are opportunities for those 

interactions, the experience is associated with higher student achievement scores in science; 

highest scores occurring when witnessed ‘every or almost every lesson’.   This finding 

appears to support the claim that opportunities to discuss and explain understandings can be 

beneficial to learners, a feature that can be scrutinised in the multilevel model of science 

achievement scores.  This is a different picture to that reported earlier (G4 science) where 

memorising appeared to take precedence over explaining in its association with high 

achievement scores. 

5�
��������	���	�����������
��	

Increasing levels of practical work for students, whether watching their teacher, 

planning the experiment themselves, or conducting experiments, are associated with 

increasing science achievement scores where the experience occurs in about half the lessons 

or more.  Much as reported for G4 students on this aspect of classroom experience, there is a 

distinct disadvantage for students who never benefit from such opportunities to engage with 

scientific practical work; fortunately this only affects small proportions of the cohort but the 

differences across categories remain statistically significant with ‘conducting experiments’ 

providing the greatest explanation of variance: 
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Watch teacher demonstrate (63, 58236 = 388.2, 
 < 0.001).  

Plan a science experiment (63, 57683 = 270.9, 
 < 0.001). 

Conduct experiment or investigation (63, 57423 = 539.1, 
 < 0.001). 

!
�����	��	������8	!
�����	����	
�����	

Collaborative group work is a dominant classroom activity with over half the cohort 

reporting this as happening every, or almost every, lesson.  Over 80% of respondents are 

associated with a higher than average achievement score in science which is quite a contrast 

to that reported on this variable and its association with mathematics achievement where: (a) 

much smaller proportions (<25%) indicated engagement at those levels; and (b) the 

associated achievement scores were lower than in other categories, including the ‘never’ 

option that was reported by over a third of the students.    

Findings in relation to �������������	
���������
�	and �����	���� for science 

achievement scores match those presented above within the mathematics achievement data.  

0��������	�
���
��	

Evidence of reviewing homework in science appears to offer quiet different patterns 

and associations with science achievement scores compared to those reported in mathematics 

classes.  Nearly one quarter of the respondents report this experience as a regular feature of 

their classroom activity, happening on every or almost every lesson, but this is associated 

with the lowest mean achievement score, which calls into question the value of such 

experience, or the manner in which it is administered in the science classroom.  This is 

counter to initial observations in mathematics education where reviewing homework is 

associated with higher than average achievement scores. 
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4.2.5. ICT experiences (G8) 

ICT experiences in school, at home and in public spaces is reported to give a profile 

of availability and access.  Frequency of use specifically for schoolwork, and association 

with achievement is presented in Table 4.2-5.  The distribution of response and associated 

achievement scores are presented below. 

Table 4.2-5: Average of G8 mathematics/science achievement by computer use (home, school, 
other)

COMPUTER�USE�
Mathematics� Science�

N� Percent� Mean� S.D.� Mean� S.D.�
PC�BOTH�AT�HOME�AND�AT�SCHOOL� 41,300 70.7 497.9 76.2 506.5� 76.5�
PC�AT�HOME�BUT�NOT�AT�SCHOOL� 14,400 24.7 472.5 71.2 478.2� 72.7�
PC�AT�SCHOOL�BUT�NOT�AT�HOME� 1,600 2.8 441.6 71.2 458.0� 75.4�
PC�ONLY�AT�PLACES�OTHER�THAN�
HOME�AND�SCHOOL�

800 1.4 415.3 71.9 431.7� 64.8�

DO�NOT�USE�PC�AT�ALL� 200 0.4 434.6 63.5 436.7� 68.7�

Total� 58,400 100.0 488.6 76.6 496.8� 77.1�

 

As reported for G4 students a significant majority of students make use of computers 

at both home ��� school, with a further quarter claiming to use computers at home but not in 

school.  Those two categories, covering over 95% of students, are associated with high 

achievement scores in both disciplines.   

The reported frequencies and associated achievement scores in relation to using a 

calculator or computer are presented in Appendix 4.  Over 50 per cent of students report 

using a calculator in about half their mathematics lessons or more frequently, representing a 

major shift from that reported at G4 where there was fewer than 10 per cent using this type 

of technology.  Regular use of a calculator appears to be associated with higher mathematics 

achievement scores.  A high proportion of over two thirds of the cohort report ‘never’ using 

a computer in mathematics classes, with just over a further quarter using a computer in only 

some of their lessons.  The achievement scores in mathematics for those students who make 

more regular use of a computer are generally lower than average.  A similar pattern of 

achievement is reported in the science data, calling for inclusion of these �����
�
�� 

variables in the multilevel analyses to ascertain direction of associations with achievement as 

frequency of use changes.  

Extending this analysis to take account of student’s use of computers in support of 

schoolwork, in and out of school, goes beyond the data reported in Table 4.2-5 and relates 

patterns of usage across disciplines to achievement scores.  The highest achievement scores 
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in both disciplines are associated with low levels of computer use, from ‘a few times a year’ 

up to ‘once or twice a month’.   

4.2.6. School culture and ethos (G8) 

Measures of school culture and ethos are derived along the same lines as reported in 

4.1.8; the G8 responses are presented in Appendix 4.  Students’ views on their peers putting 

in their best effort do not appear to be strongly associated with their mathematics or science 

achievement scores.  There appears to be an association between achievement scores and 

perceived strength of feeling on a positive and supportive culture, where teachers show that 

they want the best for their learners.  Low achievements scores are associated with 

disagreement (a little, or a lot), although only a small proportion of respondents (~10%) do 

not feel their teacher wants their children to do their best.  

The second measure of school ethos reflects on how ‘safe’ students feel at school, an 

IEA-derived index-variable of High, Medium and Low perception of being safe as described 

in 4.1.8.  The comparable variables within the G8 data have the ‘B’ prefix.  A high 

perception of safety was assigned on the basis of responding ‘no’ to all five concerns; a low 

perception of safety assigned if there were three or more concerns over ‘safety’.  Sixty per 

cent of the G8 cohort reports no concerns on safety.  Where there are concerns, medium or 

low, those categories are associated with lower achievement scores, with a more notable 

association reported within mathematics discipline.  
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5. Primary Analyses 

Science and Mathematics achievement data will be modelled separately, taking 

subject specific classroom experiences discussed in Chapter 2 into account.  Identification of 

final models will provide insight to effective practices and pedagogies, with associated 

measures of effect as based on the empirical findings in the survey data.  Whilst there is not a 

direct match of TIMSS2007 variables to all of the themes and issues outlined in Chapter 2, 

there are derived variables and appropriate measures that can be used to evaluate learners’ 

experiences in developing models of students’ achievements in science and mathematics.   

The EDA of survey items in Chapter 4 identified potential control and explanatory 

variables for consideration in models of student achievement.  These survey and derived 

variables are explored in multi-level analyses to confirm suitability for inclusion.  Thorough 

diagnostic tests are deployed throughout to ensure the variables do not show threats to 

validity.  Each model of student achievement is developed in stages, starting with the 

partitioned unconditional model and then adding control and individual predictor variables of 

interest to ascertain effects on the dependent variable of student achievement.  The models 

are members of the variance components family, where the model splits the total variation 

into components of variation for each level in the model.  There is only one set of random 

effects (intercepts) for each level in the model; hence the name random intercepts model.  A 

range of con���
 variables are considered and retained as warranted, checking variance 

partition coefficients at each step, the significance of coefficients for parameter estimates, 

and confirming subsequent models are an improvement on previous by assessing model 

comparison using the deviance information criterion (DIC; Spiegelhalter, 2002).  As outlined 

in Chapter 3, the primary method adopted to develop models of achievement uses MCMC 

methodology; the default mechanism for MCMC method in MLwiN is to use Gibbs 

sampling for all parameters.  This approach permits robust diagnostic assessment of 

parameter estimates and standard errors, and also provides analyses of accuracy related to 

chain length.  Given the data is normally distributed,  estimation of parameters was 

subsequently computed using maximum likelihood approach to generate models on basis of 

Iterative Generalised Least Squares (IGLS).  The parameter estimates were comparable with 

those found through MCMC method but considerably more efficient to compute so IGLS 

was used to develop the final models of Mathematics and Science achievement at G4 and 

G8.  Those final multivariate models consider all the explanatory variables together as a way 

of arbitrating between competing concepts to draw conclusions from those analyses and 

measures of effect size.   
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5.1. Predictor variables 

The literature review of substantive issues in learning and teaching of mathematics 

and science laid claim to particular classroom experiences that were educationally more 

effective.  The survey data does not provide explicit variables for each and every aspect of 

the literature, but some underlying principles within the theories can be investigated.  Taking 

Watson’s delineation between ‘traditional’ and ‘reform’ oriented practice (Watson, 2008) as 

a starting point, the following variables are related to the conceptual framework and provide 

evidence of  support or otherwise for the claims on effective practice.    Traditionalists in the 

‘Math Wars’ (Schoenfeld, 2004) placed memorisation and practice as necessary and 

desirable activities in learning, expressing concern over a proposed shift to process skills at 

the expense of content coverage.   Given ‘traditional’ experiences have a tendency to be 

teacher-oriented, placing teacher exposition followed by students working on their own as a 

typical format, the G4 variables of note are related to ‘���
������’ and ‘�
�����	
�	��	


��’, and	9��������	���	�������’ where it comes to practical investigations, activities and 

experiments.  At G8 an additional variable on ‘�������������	
���������
�’ will be added to 

that dimension of the analysis.   

The ‘reform’ emphasis on project work, with opportunities for group learning 

activities that included peer-to-peer discussion and discussion between teacher and students, 

relates to the variables that report on ‘�
�����	��	�����	��
�
�’ and ‘��
�������’ concepts or 

processes.   A central argument within the reform movement rests on conceptual 

understanding, with the claim that active and collaborative learning can lead to that goal.  

Any associated discussion and explanation will add to students’ depth of knowledge and 

understanding as they develop connected schema and relational understanding over the less-

valued instrumental rote learning or memorisation without understanding.  When students 

explain their processes and what they are learning it reveals a lot about their understanding 

and can of itself enhance understanding, none more so than when pursued within practical 

experiences (White & Gunstone,1992).  Those sentiments link to the variables on ‘�
���’ or 

‘�
��������’ experiments or investigations in science or other practical activities such as 

‘���������’ or ‘������	������	������	
�	���
��’ in mathematics.   A further role of 

discussion and explaining falls within feedback on assessment.  The contributing variables 

on that dimension are those that report on frequency of having a ‘:��-	
�	����’, and how often 

students ‘������	�
���
��’ within their lessons. 

A further feature of active and collaborative learning that lies within constructivist 

theories of learning relates to the social and contextual nature of experience. Students’ ability 

to transfer their knowledge to new applications and contexts is dependent on their depth of 
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understanding.   Views are divided on this issue, over how best to pursue application of 

knowledge in new contexts, and whether it is of benefit to have a range of experiences ��	

�
��� to learning or to consolidate a robust technical understanding as a first step to gaining a 

genuine understanding (LMS, 1995).  This contextual nature of learning can be evaluated 

through the variable that reports on students relating their learning to ‘�����	����’.   

Use of ICT in learning and teaching is a final aspect for consideration, to evaluate 

the claimed benefits of technology in support of learning.  The predictor variables that 

support this aspect are sub-divided into ‘��������
�’ technology and ‘�
�
����’ use in 

lessons, and ‘�
�
�����	�
�	���

�	�
��’ where accessed beyond the classroom.  There is a 

further acknowledgment of ICT in support of learning as measured through the con���
 

variable on ICT at home.  

These ‘traditional’ and ‘reform’ practices and experiences can be evaluated through 

the empirical data to determine whether they provide explanation of variance within reported 

achievement scores.  The conceptual framework in Chapter 2 and exploratory data analysis 

in Chapter 4 supported key aspects of classroom experience that are  now considered in 

terms of explaining variance in learning and teaching.  In summary these are: 

Table 5.1-1: Variables considered as predictors 

How�often�do�you�do�these�things�in�your�…
mathematics�lessons�(G4)� science�lessons�(G4)

Reform�based�practice�and�Discussion�

Explain�my�answers�� Write�or�give�an�explanation�for�something�I�
am�studying�in�science�

Memorise�how�to�work�problems� Memorising�science�facts�and�procedures

Active�Learning�&�Practical�Activities�
Measure�things�in�the�classroom�and�
around�the�school�� Watch�the�teacher�do�a�science�experiment�

Make�tables,�charts�or�graphs�� Design�or�plan�a�science�experiment�or�
investigation�

� Do�a�science�experiment�or�investigation�

Learning�Environment�
Work�problems�on�my�own� Work�science�problems�on�my�own�
Work�with�other�students�in�small�groups
�

Work�with�other�students�in�a�small�group�
on�a�science�experiment�or�investigation�

Technology�
Use�a�calculator� Use�a�computer�in�science�lessons�
We�use�computers�
Use�a�computer�for�mathematics�
schoolwork�(in�and�out�of�school)�

Use�a�computer�for�science�schoolwork�(in�
and�out�of�school)�

�
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How�often�do�you�do�these�things�in�your�…
mathematics�lessons�(G8)� science�lessons�(G8)

Reform�based�practice�and�Discussion�

Explain�our�answers�� Give�explanations about�what�we�are�
studying��

Memorise�formulas�and�procedures�� Memorise science�facts�and�principles�

Active�Learning�&�Practical�Activities�

Interpret�data�in�tables,�charts�or�graphs� Watch�the�teacher�demonstrate�an�
experiment�or�investigation�

Decide�on�our�own�procedures�for�solving�
complex�problems�

Design�or�plan�an experiment�or�
investigation�

� Conduct�an experiment�or�investigation�

Learning�Environment�
Work�problems�on�our own� Work�problems�on�our own

Work�together�in�small�groups�� Work�in�small�groups on�an experiment�or�
investigation�

Listen�to�the�teacher�give�a�lecture�style�
presentation�

Listen�to�the�teacher�give�a�lecture�style�
presentation�

Contexts�(real�life)�
Relate�what�we�are�learning�in�mathematics�
to�our�daily�life�

Relate�what�is�learned�in�science�to�our�
daily�lives���

Technology�
We�use�calculators� We�use�computers
We�use�computers�
Use�a�computer�for�mathematics�
schoolwork�(in�and�out�of�school)�

Use�a�computer�for�science�schoolwork�(in�
and�out�of�school)�

Assessment�&�Feedback�
Review�our�homework Review�our�homework
Have�a�quiz�or�test�
�

Have�a�quiz�or�test
�

 

Models of science and mathematics achievement scores will be developed with each 

of those aspects in turn, building on the EDA and fitting the variables as predictors that can 

explain variance in the achievement scores.  Sets of con���
 variables are added as fixed 

factors to each of the models.  These control variables were studied separately and are 

known to explain variance within models of achievement.  The resultant models are 

developed separately and then reviewed collectively, grouped on the basis indicated above to 

arbitrate between competing concepts within a theme and to draw conclusions on which 

aspects of learning and teaching appear to explain variance within the hierarchical models of 

students’ achievement.   
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5.2. Science Education (G4) 

The general multilevel model which allows for school (�), teacher (�), and student ($) 

effects on achievement, takes ‘plausible value’ as the lowest level (�) in the model, where 

every student is assigned five plausible values for each dependent variable in the data set.  

The form of the general model of science achievement is written as: 

¯���ÄÃv���t� 	 01 x �1� x g1t� x j1�t�� x �e1��t� 
where G4 science achievement is the response variable and  01 is the overall mean 

score across all schools.  The error in student achievement is presented separately for each 

level of the model, with �1��being the error attributed to school �, g1t�� the error attributed to 

teacher �	(nested within school �), 	j1�t��	a measure of random error at student-level, 	and 

e��t� is a plausible value residual to complete the breakdown of error in the model as a 

whole.  Each of the errors is assumed to be drawn from a Normal distribution with mean 0 

and variance 2� as shown in the unconditional model for the G4 students in Table 5.2-1. 

Table 5.2-1: Unconditional Model of Science Achievement 

MCMC�Estimation�� Unconditional�
Model�A1��
(250,000�iterations)�

Unconditional��
Model�A2��
(350,000�iterations)�

Response:�ASSSCIPV� Coefficient s.e. Coefficient� s.e.�
Fixed�Part� �
CONSTANT� 01� 504.5 2.7 504.5 2.7�
Random�Part� �
Level�4:�IDSCHOOL��1�� 398.0 141.8 400.5 140.5�
Level�3:�IDTEACH��g1t��� 678.0 148.1 675.9 146.2�
Level�2:�IDSTUD� j1�t��� 3668.0 98.2 3668.3 98.0�
Level�1:�IDCASE� e1��t�� 880.2 10.7 880.2 10.7�

Total�Variance� 5624.2 5625.0 �

DIC:�� 164942.7 164943.0� �
pD:�� 3217.6 3217.7 �

Note:  N =16815 cases, 3363 students, with 245 teachers, in 137 schools;  

 

These estimates in Model A1 and Model A2 are based on the MCMC statistics 

following 250,000 and 350,000 iterations respectively.  The length of chain was guided by 

the MCMC diagnostics that detailed desirable number of iterations to secure particular levels 

of accuracy.  Expanded diagnostics for the  0� parameter are shown in Figure 5.2-1.  

The upper left-hand cell reproduces the whole trace for the stored values of the 

parameter; here it can be seen that the chain is well mixed with the sample space being 

utilised in full. The goal in any implementation of MCMC method is to take draws from the 
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joint posterior density once it has converged to stationary.  In other words after the ‘burn in’ 

period subsequent samples will be safely thought to come from the stationary distribution.  

The ideal scenario is to have draws from a posterior density that reflects a high degree of 

‘mixing in a simulation, which is the extent to which a simulated chain traverses the entire 

parameter space’ (Kass, 1998: 94).  The upper right-hand cell gives a kernel density estimate 

of the posterior distribution (equivalent to a smoothed histogram); in this example the 

density looks to approximately follow a Normal distribution.  

Figure 5.2-1: MCMC Diagnostics for ëì (based on 350,000 iterations in MLwiN) 

 
 

The second row of boxes plots the autocorrelation (ACF) and partial autocorrelation 

(PACF) functions. Autocorrelation is a potential problem in MCMC estimation, whereby 

consecutive values in the chain are not independently distributed, but are rather strongly 

influenced by preceding estimates.  This can be monitored by visual inspection of the trace 

but more systematically analysed via ACF; here the autocorrelation receded as the chain 

length increased, showing the parameter estimates as close to being IID data (autocorrelation 

= 0).  The PACF has a spike at lag 1 indicating that Gibbs sampling here behaves like a first 

order autoregressive time series with a small autocorrelation of less than 0.1.  

The third row consists of some accuracy diagnostics. The left-hand box plots the 

estimated Monte Carlo standard error (MCSE) of the posterior estimate of the mean against 

the number of iterations. The MCSE is an indication of the accuracy of the mean estimate, 

where °Ä�í 	 îïð�� and n is the number of iterations (350,000).  This graph allows the user 

to calculate how long to run the chain to achieve a mean estimate with a particular desired 

MCSE.  Note the horizontal axis is marked in millions, so the current estimate based on 

350,000 iterations, gives a MCSE of around 0.024.  The right hand box contains two 

contrasting accuracy diagnostics.  First the Raftery-Lewis analysis (Raftery and Lewis, 1992) 
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is a diagnostic based on a particular quantile of the distribution. The diagnostic Nhat is used 

to estimate the length of Markov chain required to estimate a particular quantile to a given 

accuracy. In MLwiN the default settings for this diagnostic are the 2.5% and 97.5% quantiles 

that will form a 95% central interval estimate. For this particular parameter the estimated 

chain length (Nhat) is 296,200 for the lower quantile and 336,040 for the upper quantile. 

This diagnostic influenced the choice of chain length to secure the accuracy of that central 

interval estimate.  Second there is the Brooks-Draper diagnostic.  This diagnostic is based on 

the mean of the distribution and is used to estimate the length of Markov chain required to 

produce a mean estimate to 4 significant figures in this case.  Here we can see that to quote 

our estimate as 504.5 (4 sig. fig.) it requires the chain to run for 318,953 iterations; so the 

diagnostic is satisfied for that parameter. If the settings are changed, to make � 	 u, the 

Brooks-Draper Nhat decreases to only 3,190 iterations for the same parameter.  In 

subsequent developments of the model it will be sufficient to work to 3 significant figures; 

doing otherwise would demand extremely long chains to secure any greater accuracy across 

a range of parameters.  The diagnostic settings (option box on screen shot) can be modified 

to suit the analysts’ needs across all of these diagnostic measures (Kernel density, ACF/ 

PACF, MCSE, Rafter-Lewis for quantiles, and Brooks-Draper for mean, such as changing 

the value of �	for number of significant figures). 

The bottom box contains numerical summaries of the data. As well as the posterior 

mean and its MCSE in parenthesis (confirming the Monte Carlo standard error of 0.024); this 

box also provides estimates of the mode and median of the posterior distribution. The 

quantile values of the distribution are given to estimate both 90% and 95% intervals; here the 

95% central interval (Bayesian credible interval whose accuracy has already been confirmed 

through Raftery-Lewis diagnostic) runs from 499.023 to 509.732, working with tolerance of 

0.005 as specified by ] in the diagnostic settings.  The last row of this box includes details of 

the run length of the Markov chain and an estimate of the effective (independent) sample 

size (Kass ��	��., 1998).  Here the number of stored iterations, every 10th of the 350,000 

actual iterations, is divided by a measure of the correlation of the chain to give the effective 

sample size of 1,873.  This big reduction from the actual iterations to the effective sample 

size reflects the level of autocorrelation and lack of independence in the full chain.  In other 

cases, where the actual iterations and effective sample size are closer in magnitude, the 

sample of iterations is regarded as equivalent to an independent sample of iterations.  The 

��������	process, where only every �th iteration is stored, is used to cut down on the 

computational memory required when monitoring long runs; in this example it is every 10th 

iteration but in many of the subsequent models I have used every 5th iteration to provide 
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fuller accuracy.  In terms of accuracy diagnostics, it is worth noting that the parameter mean 

and standard deviation use ��� the iterated values no matter what thinning factor is used; all 

other summary statistics and plots in MLwiN are based on the thinned chain only.  

The statistics of interest at this stage are the variance components.  Two assumptions 

fundamental to analysis of variance methods are: (a) The residual deviations are normally 

distributed, and (b) the residual variances are homogeneous.  As outlined in Chapter 3.3.1, 

the analysis of residuals within hierarchical data takes account of the structure and number of 

cases within each level.  Rather than working with the raw residual for an individual,  the 

difference between observed and predicted ( Bñò 	 � Çñò Y �Ç©ñò ), the estimated residual for any 

chosen level is obtained by multiplying the raw residual by its shrinkage factor, a 

transformation that gives a shrunken residual. The shrinkage factor k being��� óô5óô5K�óõ5 çö�� . 

MLwiN calculates the residuals at each level, taking the necessary shrinkage factor 

into account, and provides options for a variety of graphical displays to inspect them.  To 

check the normality assumption, a normal probability plot of ranked residuals against a 

normal curve can be inspected.  If normality assumption is valid then the points should lie 

approximately on a straight line.  The normal plots for Model A1 are shown in Figure 5.2-2. 

Each plot is of the standardised residuals at each level of the hierarchy by normal 

scores (nscore), where (i) displays plot of residuals at school-level (n=137); (ii) displays 

comparable plot of residuals at teacher-level (n=245); (iii) plots residuals at student-level 

(n=3363); and (iv) plots residuals of plausible value as unit-level (n=16815).    All four plots 

satisfy the assumption of normality with only minor deviations in the tails of the higher-level 

residual plots that are based on a smaller number of units.   

A closer inspection of these plots in tandem with the corresponding plot of 

standardised residuals against predicted values (fixed part prediction) provides a visual check 

on homoscedasticity within the model, checking the second assumption that variances are 

homogeneous.  Within those plots in Figure 5.2-3 to Figure 5.2-6, I have highlighted specific 

schools for discussion, with teachers and pupils in those schools retaining the same colour-

coding in their comparable plots. 
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Figure 5.2-2: Normal Probability plots for unconditional model of science achievement (G4) 

(i) School-level (ii) Teacher-level 

    
(iii) Student-level (iv) Unit-level (plausible values) 

  
 

The extreme values in Figure 5.2-3 have been highlighted to make fuller sense of the 

data and their residuals.  First, at the upper end of the plot school ID 147 (BLUE) is 

highlighted as the highest residual, and school ID 149 (GREEN) as the second highest.  At 

the other end of the ranking school ID 36 (CYAN) is highlighted as the smallest standardised 

residual and finally school ID 24 (RED) has been highlighted for reasons that will become 

more apparent when the teacher-level residuals are discussed.  The plot of residuals against 

predicted values in Figure 5.2-4 highlights extreme cases are not necessarily outliers in the 

model but merely cases that display a high level of variance in relation to others.  The school 

with the highest residual ID 147 (BLUE) happens to be an outlier with one of the average 

predicted scores in the model of science achievement incorporating response on explain 

science studied.  The main purpose of Figure 5.2-4 is to visually inspect the homogeneity of 

variances: there is no obvious fanning out of residuals across the range of predicted scores, 

thus allowing me to conclude that the variances are homoscedastic.  
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Figure 5.2-3: Normal probability plot of school-level residuals 

 

Figure 5.2-4: Standardised residuals (school-level) against predicted value (fixed) for science 
achievement model (explain science) 

 
 

The second pair of plots, in Figure 5.2-5 and Figure 5.2-6, provides scope for a 

similar interpretation.  The first comment relates to teachers from school ID 147 (BLUE).  

There are four teachers from this school, each with a higher than average residual and with 

two of them ranked 10th and 11th highest out of all teachers in the study.  The second 

comment concerns school ID 24 (RED).  One of the five teachers from that school is ranked 

with the highest variance, yet that does not come through on the school-level plot because 

the predictions from students taught by the other four teachers reduce the average residuals 

within that school.  The residuals from the other two schools can be interpreted on a similar 

basis.  The second highest ranked school-level residual (ID 149 GREEN) is based on the 
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residuals from two teachers, each of whom have higher than average residuals.  School ID 

149 happens to be a high attaining unit as shown in the standardised residual plot against 

predicted value for science achievement.   

Figure 5.2-5: Normal probability plot of teacher-level residuals for science achievement model 
(explain science) 

 

Figure 5.2-6: Standardised residuals (teacher-level) against predicted value (fixed) for science 
achievement model (explain science) 

 
 

Finally, school ID 36 (CYAN) has only one teacher with the higher-level average 

residuals based on the predictions from only 13 students.  The implication of this small 

number of contributing predictions and paucity of data is a high shrinkage factor, taking the 

prediction close to the mean regression value; the fact that this school has both the lowest 

school- and teacher-level residuals even after shrinkage suggests that its raw performance is 
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even more extreme.  As with the earlier plot, Figure 5.2-6 does not show any severe fanning 

or clustering of residuals across the range of predicted scores.  This visual check confirms 

that the variances at teacher-level similarly satisfy the assumption that residual variances are 

homogeneous. 

MLwiN provides a variety of graphical displays to inspect residuals.  One final 

display worthy of note plots the residual x Y¿ ��´µ�?k�by rank, producing a ‘caterpillar plot’ 

as illustrated in Figure 5.2-7.   

Figure 5.2-7: Caterpillar Plot of student-level residuals in Model A1 

 
If the plots do not overlap zero, as witnessed at either ends of the plot for the low 

and high ranks, those plots represent student departures that are significantly different (at the 

5% level) from the overall average predicted by the fixed parameter À1.  In this plot there are 

around 700 cases with significantly low residuals, and some 730 cases with significantly 

high residuals.  These are the cases that we want to know more about in that they display 

significantly different patterns of variance in the model. 

The proportion of variance at each level of the hierarchical structure gives an 

indication of where explanations may lie for differences in achievement scores.  For example 

the variance partition coefficient (VPC) at school-level, referring back to Table 5.2-1: 

Unconditional Model of Science Achievement, is:  Ýêé�1ä÷�á�� ¸ ���·.   In the unconditional 

model A1, the VPCs show 7% of the variation in student achievement is between schools, 

12% is between teachers, 65% between students and the remaining 16% is within-student 

variation, reflecting the spread in plausible values.  Around 19% of the total variance in 

achievement scores is attributed to differences between schools and teachers. 
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5.2.1. Explain science studied 

Taking each of the science classroom experiences in turn, I start with opportunities 

to ‘Write or give an explanation for something I am studying in science’ to evaluate whether 

frequency of opportunity explains variance in science achievement.  Following a run of 

250,000 iterations using MCMC method the resultant estimates are set out in Table 5.2-2.  

For comparison purposes the parameter estimate and partitioned variance from the 

unconditional model is entered in the same table; renamed as Model A to distinguish from 

earlier unconditional model as this is computed using a reduced number of cases as dictated 

by model B. 

Table 5.2-2: Comparison between Unconditional Model and opportunities to Explain Science 

MCMC�Estimation�(250,000�
iterations)�

Unconditional�
(Model�A)�

Explain�Science�
(Model�B)�

�

Response:�ASSSCIPV� Coefficient s.e. Coefficient s.e. Sig.�
Fixed�Part� �
CONSTANT� 01� 504.1 2.7 488.1 3.7� **�
EXPLAIN�SCIENCE�STUDIED�(NEVER) �
A�FEW�TIMES�A�YEAR� 0
� 19.9 3.4� **�
ONCE�OR�TWICE�A�MONTH�À�� 22.4 3.4� **�
AT�LEAST�ONCE�A�WEEK� ÀÝ� 11.0 3.6� **�
Random�Part�
Level�4:�IDSCHOOL��1�� 392.0 142.5 388.4 133.3� �
Level�3:�IDTEACH��g1t��� 673.4 152.5 637.7 140.2� �
Level�2:�IDSTUD j1�t��� 3687.7 95.9 3638.3 94.5� �
Level�1:�IDCASE e1��t�� 875.2 10.3 875.1 10.4� �

Total�Variance� 5628.3 5539.6 �

DIC:�� 175683.1 175681.9 �
pD:�� 3430.3 3428.6 �
Note:�� N=17920�cases,�3584�students,�with�251�teachers,�in�137�schools.
� **�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%�
 

Including the ‘explain science studied’ predictor variable has reduced the total 

variance in the model.  The percentage reduction in variance in Table 5.2-2 can be computed 

at each level of Model B.  Taking Level-3, the teacher-level variance by way of illustration, 

the percentage reduction is: ���÷èÝ�á<÷Ýè�è�÷èÝ�á ¸ ���su  

The reduction of 5% indicates that this proportion of variance is associated with the 

opportunities to ‘explain science’ predictor.  There is a further reduction in total variance at 

school-level (1%) and a similar reduction attributed to student-level (1%). Clearly there will 

be no change in the proportion of variance attributed to the plausible values as this will be 
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constant across all models.  The bulk of variance explained is attributed to teacher-level in 

the model, reflecting the decision to provide opportunities for students to write or explain 

aspects of their studies in science primarily rests with their teacher, who is operating within 

school policy. These variance values, alongside the individual parameter coefficients and 

standard errors for each response, indicate that opportunities to ‘explain science’ provide 

significant explanation of variance in student achievement scores.  The categorical variable 

takes ‘never’ as its reference category and reports the three separate parameters as providing 

a significant positive effect on achievement score; t-statistics of 5.8, 6.6 and 3.0 respectively.  

This analysis confirms the prediction outlined in EDA, with those students who expect to 

‘explain science’ once or twice a month gaining the most in relation to the reference category 

of ‘never’ explaining science.  

The MCMC diagnostics for these parameter estimates provide confirmation that the 

desired level of accuracy has been met.  The key statistics for accuracy of posterior mean 

value and Monte Carlo SE come from the Brooks-Draper diagnostic where Nhat = 173,403;  

the Raftery-Lewis (quantile) statistics have Nhat = (46,275 , 44,470), so this is also clearly 

satisfied given the chain length of 250,000 iterations.   That chain run of 250,000 permits 

accuracy to 3 sig. fig. making the estimate of 19.9 (3.4) correct within the 95% CI.   

The key diagnostics in support of the accuracy for parameter estimates��0
,�0�, and 

0Ý are: 

Parameter� Posterior�
mean�

MCSE� ESS Raftery�Lewis�(quantile)
Nhat�when�
q=(0.025,0.975)�

Brooks�Draper�
(mean)�
Nhat Sig.�Fig.�0
� 19.9� 0.021� 6,233 (46,275�� ,� 44,470) 173,403� 3�0�� 22.4� 0.021� 5,837 (47,400 ,� 47,785) 170,355� 3�0Ý� 11.0� 0.023� 5,820 (51,685 ,� 47,595) 199,918� 3�

 

The diagnostics for each response are inspected in turn and confirm the degree of 

accuracy is appropriate and valid for the parameter estimates cited in Table 5.2-2.  However, 

a number of control variables are known to have an effect on science achievement scores, so 

in order to draw substantive conclusions on the overall effect of ‘explain science’ within the 

model, those control variables should to be built into the model of science achievement to 

remove variance that can be attributed to background characteristics. 

Student level control variables 

There are a number of biographical features that can be included at the student level 

in the model as well as other derived variables that are intended to serve as proxies for prior 

attainment and SES.  These con���
 variables will be included to strengthen 
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interpretation of effect attributed to explanatory variables. 

The biographical data from the TIMSS2007 survey includes gender of student, 

whether they were born in UK, or came to the country during their early formative years, and 

a response on how often English is spoken at home.  The last of these variables is recorded 

as ‘own language’ so that comparisons with other countries can be made in terms of first 

language at home and also to identify the prevalence and impact of being bilingual where 

respondents indicated ‘almost always’ or ‘sometimes’ in response to the question: 

“How often do you speak English <language of test>at home?” 

There is not an explicit measure of prior attainment in the studies so although I refer 

to school- and teacher-effects on the dependent outcome of mathematics (or science) 

achievement, these terms cannot be used in the same way as cited in much of the literature 

on school effectiveness research.  The interpretation of residuals cannot be put down to the 

school or attributed to teacher-effects 
��	�� because the survey data does not take account of 

intake ability.  However, if matched data is made available a ‘value-added’ analysis can be 

undertaken, as reported by Sturman ��	��� (2008) in the national report on England’s 

achievement in TIMSS2007.  Sturman’s analysis in that publication included prior attainment 

data from the National Pupil Database and made the point that their report was a ‘value-

added’ analysis, stressing the point further by noting: 

This means that any reported association between an independent and dependent 
variable is acting ‘over and above’ the effect of prior attainment. (Sturman ��	��� 2008: 260) 

 

I certainly acknowledge that incorporating a measure of prior attainment would help 

to interpret the external effects on student attainment, by accounting for a well-recognised 

proportion of the observed variance, but nevertheless it would be difficult to lay claim to 

stronger associations on the basis of such prior measures.  The emphasis instead is on trends 

and associations within the observed data, taking account of survey data to explain variation 

in attainment between individual students, and between classes, schools and countries as 

appropriate.  

The control variables are entered in batches, with the first wave accounting for 

‘home’ characteristics and a second cluster more closely aligned with individual students and 

their interest.  Each entry was administered individually with usual checks for significance 

and retention carried out.  All subsequent models of G4 science achievement will utilise the 

same con���
 variables so before progressing I will expand on those control variables as 

used in this first model presented in Table 5.2-3.   

All con���
 variables provide significant explanation and effect on science 

achievement scores.  The first variable takes account of students’ place of birth and where 
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they spent their early formative years.  A dichotomous variable (ASDBFORM) takes 

students who were born in the UK or spent their early formative pre-school years in the UK 

(�5 years) as reference category.  The model reports a significant negative effect on science 

achievement for students who arrived in UK aged over 5 years (C Y ?CAC>?C>É� 	 Y³�³).  The 

second variable accounts for spoken language used at home, taking the reference category as 

‘always’ speaking English.  All three alternative responses to this categorical variable are 

significant contributors to the response variable, with a large negative effect where students 

report ‘never’ speaking English at home.  Students who self-identify themselves as bi-

lingual, reporting English as ‘almost always’ spoken at home, show a positive effect on 

science achievement.    

Responses on the third variable reflect a measure of home facilities and resources.  

There are four types of resource at home, taken under the headings of ‘study tools’ 

(calculator, dictionary, & encyclopaedia), ‘ICT’ (computer & internet connection), having 

one’s ‘own bedroom’, and possessing a ‘mobile phone’.  This first of those is a derived 

variable that considered the availability of those ‘study tools’, possessing ‘none’ through to 

‘all three’, with the model taking ‘none’ as the reference category.  The reference category 

for ICT was also ‘none’, i.e. no computer at home, with students reporting possession of a 

computer with or without internet connection.  For the control variables reporting on ‘own 

bedroom’ and ‘mobile’, the reference category of ‘yes’ is used for both dichotomous 

responses.   

The last ‘home’ characteristic to be used as a control variable accounts for the 

number of books the student has at home.  This is recognised as a proxy for parental support 

and for the value placed on education in the home.  Given the distribution of responses for 

this variable, the reference category is taken as the mid-range of ‘26 to 100 books’.  Where 

fewer books are reported the model indicates a significant negative association with science 

achievement; also where more than 100 books are reported there was a significant positive 

association with science achievement.  Possessing all three of the study tools is statistically 

significant at the 5%-level, whereas having a computer with internet, not having their own 

bedroom, not having a mobile phone, and all responses on the number of books at home 

below and above the reference group are all statistically significant at the 1%-level.   

The second wave of control variables entered in the model is more closely aligned to 

individuals.  There are three broad clusters covering student’s perception of safety in school, 

out-of-school interests and student’s gender.  The inclusion of gender as a control variable 

was delayed because there were no discernible differences in science achievement scores on 

gender alone, it is only after a range of other predictor and control variables have been 
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included that gender differences are noteworthy.   First, students’ perception of safety in 

school is entered as an index measure of high, medium and low; with a high level of safety 

taken as the reference category.  A high perception of safety was assigned on the basis that 

none of the five potential concerns affected an individual – i.e. concerns over having 

something stolen; being hit or hurt by another student; forced to do things they didn’t want to 

do by other students; made fun of or called names; or left out of activities by other students.  

This derived variable is tabled as a proxy for school culture and ethos.  A low perception of 

safety is assigned if the student reports three or more of those concerns. When a low 

perception of safety is reported, there is a significant negative association with science 

achievement (p <0.01)  

Table 5.2-3: Explain Science (Model B) compared with Model C that includes control variables  

MCMC�Estimation��
(250,000�iterations)�

Explain�Science�
(Model�B)�

Explain�Science�+Home��
+Student��(Model�C)�

Response:�ASSSCIPV� Coef. s.e. Coef. s.e. Sig.�
Fixed�Part� �
CONSTANT� 01� 488.6 3.7 480.2 8.7 **�
EXPLAIN�SCIENCE�STUDIED� �
A�FEW�TIMES�A�YEAR� 0
� 19.9 3.4 11.1 3.0 **�
ONCE�OR�TWICE�A�MONTH 22.4 3.3 13.4 2.9 **�
AT�LEAST�ONCE�A�WEEK� 0Ý� 11.0 3.6 8.7 3.2 **�
FORMATIVE�YEARS� �
ARRIVED�IN�UK�OLDER�THAN�5� �42.4 4.8 **�
SPEAKS�ENGLISH�AT�HOME� �
ALMOST�ALWAYS 12.6 2.8 **�
SOMETIMES� �18.8 4.1 **�
NEVER� �22.8 7.5 **�
STUDY�TOOLS:�CALC,�DICT,�ENC�(NONE) �
ONE�OF�CALC,�DICT,�ENCYCLOPAEDIA 4.8 7.7 ��
TWO�OF�CALC,�DICT,�ENCYCLOPAEDIA 10.2 7.1 ��
THREE�OF�CALC,�DICT,�ENCYCLOPAEDIA 17.5 7.2 *�
ICT�AT�HOME:�COMPUTER,�INTERNET(NONE) �
COMPUTER�WITHOUT�INTERNET� �0.9 5.5 ��
COMPUTER�WITH�INTERNET� 24.9 4.8 **�
POSSESS�OWN�BEDROOM�(YES)� �
NO� �8.2 2.3 **�
POSSESS�MOBILE�PHONE�(YES)� �
NO� 18.6 2.7 **�
BOOKS�AT�HOME�(26�TO�100� �
NONE�OR�VERY�FEW�(0�TO�10� �32.1 3.6 **�
ONE�SHELF�(11�TO�25�BOOKS)� �14.9 2.7 **�
TWO�BOOKCASES�(101�TO�200� 19.7 2.7 **�
THREE�+�BOOKCASES�(OVER�200�BOOKS) 23.3 2.8 **�
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MCMC�Estimation��
(250,000�iterations)�

Explain�Science�
(Model�B)�

Explain�Science�+Home�
+Student��(Model�C)�

Response:�ASSSCIPV� Coef.� s.e. Coef. s.e. Sig.
PERCEPTION�OF�SAFETY�IN�SCHOOL� � � � �
MEDIUM� � �1.8� 2.1� ��
LOW� � �17.2� 2.7� **�
OUT�OF�SCHOOL�INTERESTS�� � � � �
(SCLSOCIAL�gm)^1� � 1.1� 2.6� ��
(SCLSOCIAL�gm)^2� � �8.6� 1.9� **�
(SCLSOCIAL�gm)^3� � �4.9� 1.8� **�
OUT�OF�SCHOOL�INTERESTS���INDIVIDUAL� � � �
(SCLIND�gm)^1� � �1.9� 1.8� ��
(SCLIND�gm)^2� � �11.2� 1.8� **�
OUT�OF�SCHOOL�INTERESTS�– PERSONAL� � �
(SCLPDEV�gm)^1� � 1.5� 2.2� ��
(SCLPDEV�gm)^2� � �13.5� 2.1� **�
GENDER�(BOY)� � � � �
GIRL� � �12.3� 1.9� **�
�
Random�Part�

� Total�Proportion�
Reduction�

Level�4:�IDSCHOOL��1�� 388.4 133.3 56.7 63.1 0.85�
Level�3:�IDTEACH��g1t��� 637.7 140.2 438.8 89.9 0.32�
Level�2:�IDSTUD� j1�t��� 3638.3 94.5 2749.0 71.5 0.24�
Level�1:�IDCASE� e1��t�� 875.1 10.4 875.2 10.4 0.00�
Total�Variance� 5539.6 4119.8 0.26�

DIC:�� 175681.9 175632.0 (49.9)
pD:�� 3428.6 3380.2 (48.4)
Note:�� N=17920�cases,�3584�students,�with�251�teachers,�in�137�schools;�
� **�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%�

 

The out-of-school interests are sub-divided into social, individual and personal 

development groupings, and are modelled on a pseudo-continuous basis as described in 

Chapter 4.  Within the multi-level model it was possible to model on a non-linear basis, and 

to explore higher powers, retaining as necessary if a significant explanation is provided 

(based on t-statistic).  The social dimension, reflecting levels of social activity through 

playing or talking with friends and playing sports, is modelled as a cubic function, with the 

cubic and squared terms of the variable providing significant explanation of variance within 

the model.  The individual and personal development dimensions are modelled as quadratic 

functions, with the quadratic terms of the variable providing significant explanation of 

variance.  In order to visualise the effect of these standardised functions, a sketch of the 

combined terms is generated, using the range of values as boundaries for each function.  

These boundary values are set out in Table 5.2-4  with the sketches in Figure 5.2-8: Out-of-

school interests (Social, Individual & Personal Development).  These sketches of the 
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parameter estimates confirm the EDA analysis with extreme values on the scales being 

associated with lower achievement scores.   

Table 5.2-4: Minimum & Maximum of pseudo-continuous variables 

Variable Min Max Range
SCLSOCIAL�gm� �1.93 1.10 3.03
SCLIND�gm� �1.43 1.70 3.13
SCLPDEV�gm� �1.12 2.00 3.12

 

Figure 5.2-8: Out-of-school interests (Social, Individual & Personal Development) 

 

 

 
 

The associated reduction in achievement scores is more pronounced for high  
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responses, remembering the original reporting scale was linked to time spent on the activities 

ranging from ‘no time’ through to ‘4 or more hours’ in any normal school day.   Students 

who spend a moderate amount of time on these out-of-school interests appear to gain most, 

with the model indicating a significantly negative effect for those spending little or no time 

on individual interests (watching TV, playing computer games, using internet) or personal 

development activities (doing jobs at home, reading a book for enjoyment, doing 

homework).  High loadings on those individual and personal development dimensions are 

reported to be even more detrimental, with a large drop off in achievement scores modelled 

for personal development; possibly reflecting on individuals who ���� to spend a lot of time 

on homework and studying outwith their school day. 

In contrast, although moderate levels of time playing with friends or playing sport 

are associated with highest gains on science achievement scores, those students spending 

little or no time on ‘social’ activities are not as negatively affected when compared with the 

other dimensions of out-of-school interests.  High loadings on the ‘social’ variable replicate 

the large negative effect modelled for ‘individual’ and ‘personal development’ variables, 

although not on the same scale as witnessed on those other dimensions. 

The final control variable that has been included in the model of student 

achievement is a gender parameter, taking boys as the reference category.  This is noted as a 

significant variable in the model with a substantial negative effect reported for girls’ science 

achievement scores in the study.  The gender variable provided a significant contribution to 

the model variance only after other control variables were factored into the model; prior to 

that action the parameter estimate was not significant. 

The model variance is considerably reduced when these control variables are 

included.  The proportion reduction in variance (PVR) when assessing Model C against 

Model B is: an 85% reduction in school-level variance; a 32% reduction in teacher-level 

variance; and a 24% reduction in student-level variance.  Assessment of the model as a 

whole is again gauged through inspection of the Deviance Information Criterion (DIC).  The 

measure of fit is significantly improved as the model is developed from Model B to Model 

C, with a DIC reduction of 49.9 as well as having a further reduction of 48.4 in the model 

complexity (pD), making Model C a simpler and stronger model of science achievement.  

There is still unexplained variance in the model, but only 1% is attributed to school-level and 

11% remains unaccounted for at teacher-level.  The bulk of unexplained variance (67%) 

continues to be at student-level.  Model C has a lower overall variance as a result of taking 

the predictor and control variables into consideration, but the net effect of this is that the 

constant variance attributed to the plausible values now makes up a greater proportion of the 
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unexplained variance, accounting for over a fifth of remaining unexplained variance in the 

model (21%).   

The empirical data shows these control variables to be significant contributors to the 

variance in the model, a fact that highlights practices as worthy of monitoring, developing or 

moderating as necessary to strengthen achievement in science studies.  The pedagogical 

practice of getting students to write or give an explanation of topics or concepts studied in 

science is empirically supported as having a positive impact, with a small but significant 

effect when students report this practice happening once or twice a month; the effect appears 

to weaken when the frequency of  practice increases to at least once a week, but this still 

offers a significant benefit when compared with students never having opportunities to 

explain what they are studying in science. 

 

5.2.2. Combining predictor variables 

The analyses from univariate predictor models were computed and then associated 

statistics from multivariate models using a combination of predictors were analysed.  For 

example, a complex model that requires careful analysis and interpretation of effect is 

developed when combining ‘explain science studied’ and ‘memorise science facts’.  The 

model that includes both predictor variables and all the home- and student-control variables 

previously considered shows there is a change in the level of effect from that reported when 

considered as univariate models.  The findings shown in Table 5.2-5 highlight how the 

effects change when the explanatory variables are combined; as with each of the models the 

number of cases included in these analyses is determined by the ‘complete case’ structure, 

which in this case must satisfy multiple predictors.   

The reduction of effect is primarily restricted to the coefficients in the ‘explain’ 

predictor, but before proceeding to accept such a model I will provide some analysis of why 

those effects change in the way they do.   When these predictor variables were considered 

separately, students’ opportunity to memorise science facts had the greater effect and this 

continues to be the case when combined into a single model, with Ñø ��us for two of the 

three categories.  The same cannot be said for the coefficients associated with categories for 

explaining science studied:  in the combined model, two of those responses no longer offer a 

significant explanation, with one of them reversed in its direction of effect.   
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Table 5.2-5: Science combination of 'explain' and 'memorise' (computed coefficients include 
control variables) 

IGLS�Estimation�� Univariate�Models Multivariate�Model��
EXPLAIN�+�MEMORISE�(Model�H)�

Response:�ASSSCIPV� Coef.(s.e.) Sig. Coef.�(s.e.) Sig.�
Fixed�Part�
CONSTANT� 01� 479.5�(9.0) 469.0�(9.1)
EXPLAIN�SCIENCE�STUDIED�(NEVER) �
A�FEW�TIMES�A�YEAR� 0
� 11.0�(3.1) ** 7.1�(3.2) *�
ONCE�OR�TWICE�A�MONTH� À�� 12.2�(3.0) ** 4.2�(3.2) �

AT�LEAST�ONCE�A�WEEK� ÀÝ� 7.4�(3.3) * �2.7�(3.4) �
Random�Part� Total�Var.�Reduction� Total�Var.�Reduction��
Level�4:�IDSCHOOL��1�� 118.8�(64.21) 0.74 128.0�(65.0) 0.72�
Level�3:�IDTEACH��g1t��� 316.4�(72.19) 0.40 317.7�(71.8) 0.39�
Level�2:�IDSTUD� j1�t��� 27349.8�(73.75) 0.26 2673.3�(72.0) 0.28�
Level�1:�IDCASE� e1��t�� 875.8�(10.7) 0.0 875.8�(10.7) 0.0�

Fixed�Part�
CONSTANT� 01� 471.8�(9.0) 469.0�(9.1)
MEMORISE�SCIENCE�FACTS�(NEVER)
A�FEW�TIMES�A�YEAR� Àá� 10.1 (3.1) ** 8.7�(3.2) **�
ONCE�OR�TWICE�A�MONTH� Àä� 18.8 (3.0) ** 18.3�(3.2) **�

AT�LEAST�ONCE�A�WEEK� À÷� 24.7 (3.0) ** 25.4�(3.2) **�

Random�Part� Variance�Reduction� Variance�Reduction�
Level�4:�IDSCHOOL��1�� 128.2�(65.4) 0.72 128.0�(65.0) 0.72�
Level�3:�IDTEACH��g1t��� 320.7�(72.3) 0.39 317.7�(71.8) 0.39�
Level�2:�IDSTUD� j1�t��� 2684.5�(72.3) 0.27 2673.3�(72.0) 0.28�
Level�1:�IDCASE� e1��t�� 875.8�(10.7) 0.0 875.8�(10.7) 0.0�

Note:�� N=16825�cases,�3365�students,�with�250�teachers,�in�137�schools;�
� **�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%�

 

To ascertain whether there is a significant interaction between ‘memorise’ and 

‘explain’ a number of diagnostics were explored.  First examining a cross-tabulation of 

distributions and second, testing an assumption of the hierarchical model that the variables 

are independent. 

The cross-tabulation in Table 5.2-6  is an extension of the EDA carried out in Chapter 4.  This highlights a 

degree of overlap in responses with the largest proportions reported along the common 

elements on the diagonal.   
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Table 5.2-6: Cross-tabulation of Memorise and Explain - proportional distribution 

� � MEMORISE �
EXPLAIN� � N FTY OTM ALOW� TOTALS

NEVER�(N)�
n� 1205 710 405 395� 2715�
ROW�% 44.4 26.2 14.9 14.5� 100.0

A�FEW�TIMES�A�
YEAR�(FTY)�

n� 805 1525 1300 730� 4360�
ROW�% 18.5 35.0 29.8 16.7� 100.0

ONCE�OR�TWICE�A�
MONTH�(OTM)�

n� 460 1190 2180 1935� 5765�
ROW�% 8.0 20.6 37.8 33.6� 100.0

AT�LEAST�ONCE�A�
WEEK�(ALOW)�

n� 370 380 1265 1970� 3985�
ROW�% 9.3 9.5 31.7 49.4� 100.0

� TOTALS 2840 3805 5150 5030� 16825�
� ROW�% 16.9 22.6 30.6 29.9� 100.0

 

Independence can be checked by running the same model for each sub-category of 

response to determine whether the observed effect is consistent across all categories of the 

predictor variable.  A closer inspection of the distributions and model coefficients within 

each of the response categories for memorise- and explain-predictor variables is presented in 

Table 5.2-7 and Table 5.2-8.  The reported coefficients are based on the reference category 

of ‘never’ (N).  There is a broadly similar pattern of effect for each category of EXPLAIN 

within Table 5.2-7, a pattern that is in line with that shown in Model H that combines both 

predictor variables with all the home- and student-control variables.  There are three entries 

of note.  First, respondents who report a high level of memorising (ALOW) but never 

explain their science studied are associated with lower effect (21) than reported in combined 

model (25).  Second, students who report low levels of memorising (FTY) ��� low levels of 

explaining (FTY) appear to be associated with a higher effect (13) than reported in combined 

model (9).  Third, the highest effect in this breakdown is associated with high levels of both 

memorising and explaining (both ALOW), where the reported model coefficient is 29.  This 

value supports the argument for opportunities to explain their science studied as well as 

memorising science facts; memorising without such opportunities has a lesser effect in the 

model of student achievement.  

Table 5.2-7: Coefficients for ‘Memorise science facts’ within ‘Explain science studied’ 

� MEMORISE�SCIENCE�FACTS�

EXPLAIN�SCIENCE�STUDIED� FTY�(0
)� OTM�(0�)� ALOW�(0Ý)�
NEVER�(N)� 8 19 21�

A�FEW�TIMES�A�YEAR�(FTY) 13 16 24�
ONCE�OR�TWICE�A�MONTH�(OTM) 6 20 26�
AT�LEAST�ONCE�A�WEEK�(ALOW) 6 21 29�

Model�G��(MEMORISE�ONLY) 10 19 25�
Model�H�(MEMORISE�+�EXPLAIN) 9 18 25�
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The second analysis focuses on explaining science studied as reported in Table 

5.2-8.  The patterns are less clear in this breakdown, with quite variable effects, although 

none reported as significantly different from Model H coefficients.  An interaction effect was 

modelled but dropped as it did not add to the explanation afforded by Model H.   

Overall, as more explaining is experienced, increasing from a FTY to ALOW, the 

effect in the model is reduced across all categories of ‘memorising’ e.g. memorising few 

times a year (FTY) goes from 15 to 8 to 0.  At each level there is a reduced effect attributed 

to explaining science studied, with lowest impact reported as the level of explaining is at its 

maximum of ALOW (At Least Once a Week).   

Table 5.2-8:  Coefficients for ‘Explain science studied’ within ‘Memorise science facts’ 

� EXPLAIN�SCIENCE�STUDIED�

MEMORISE�SCIENCE�FACTS�� FTY�(0
)� OTM�(0�)� ALOW�(0Ý)�

NEVER�(N)� 9 6 �6�
A�FEW�TIMES�A�YEAR�(FTY)� 15 8 0�
ONCE�OR�TWICE�A�MONTH�(OTM)� 7 7 0�
AT�LEAST�ONCE�A�WEEK�(ALOW)� 12 11 5�

Model�D��(EXPLAIN�ONLY)� 11 12 7�
Model�H�(MEMORISE�+�EXPLAIN)� 7 4 �3�
 

Table 5.2-8 provides further support for the argument that memorising ��� 

explaining has a positive effect when both are witnessed at least once a week (ALOW); 

reversing the trend that is reported in Model H (0Ý 	 s��ùyB?ú?�ûu).  Explaining a few times a 

year (FTY) has highest effect when in tandem with memorising a FTY or more frequently. 

Finally, the effect attributed to explaining once or twice a month increases as the level of 

memorising increases.  Collectively these analyses justify the inclusion of both predictors as 

they provide separate explanation of variance in the model but clearly, in science education, 

memorising facts is a stronger predictor of science achievement than having opportunities to 

explain science studied.   

This approach of breaking down the analysis is beneficial where there appears to be 

an association between the predictors.  There is no justification for including an interaction 

term on this occasion, as it has a non-significant effect in the model, but it is important to be 

able to make sense of changes in the coefficient’s values and to be able to interpret the 

combined effect when building complex hierarchical models.   In summary, higher science 

achievement scores are associated with more frequent opportunity for memorising science 

facts regardless of the reported level of opportunity to explain science studied; but 

opportunities to explain, even on a few occasions, appear to further enhance science 

achievement scores. 
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5.2.3. Models of G4 Science Achievement 

The same processes as outlined in section 5.2.1 were carried out on the G4 science 

data for each of the previously identified predictor variables.  Only complete cases were 

analysed for each variable, dropping missing cases to maximise the number of respondents 

included for a complete-case data analysis of that predictor variable and all controls 

identified as relevant and able to explain variance in the data.  The key diagnostics in support 

of the accuracy of parameter estimates were confirmed at each step of the analysis, extending 

the MCMC chain to secure the desired level of accuracy to 1 decimal place for each of the 

predictor variable response coefficients and standard errors.  The Brooks-Draper diagnostic 

was the mainstay of those decisions, varying the number of significant figures accordingly, 

so that the resultant coefficients were accurate to 1 decimal place.   

For each of the parameter estimates reported in Table 5.2-9 the ‘effect sizes’ and 

error (95% CI) are presented for the univariate model and multivariate equivalent where 

variables are considered as a cluster. The effect size for categorical variables is taken 

as:�Ñ	 Ò4; and for the standardised pseudo-continuous variables in the model (mean 0 and 

standard deviation 1), the calculation for effect size is: Ñ	 ��Ò4   (Tymms, 2004).  To 

calculate the effect size for the estimate of�01, the difference between 0$!ü3� and 0�¼��  was 

first computed to quantify the effect before standardising that measure using  Ñ	 Ò4 .  For all 

effect size calculations, in line with discussion in Chapter 3.3.4, the variance at student-level 

of the unconditional model is used to evaluate Ñ i.e. taking 2 	 Ôj1�t� 
Table 5.2-9: Summary of Effect Sizes (Models of G4 Science Achievement) 

IGLS�Estimation�� Univariate�Model�Coefficients�&�
Significance��
(Multivariate�if�change)�

Univariate�Effect�size�
(Multivariate�if�change)�

Response:�ASSSCIPV� Coef. s.e. Sig. Ñ� +/� error

MODEL�D:�EXPLAIN�SCIENCE�STUDIED�(NEVER)�
�

A�FEW�TIMES�A�YEAR� 0
� 10.1 (6.3) 3.1 ** (*) 0.17�(0.10)� 0.05
ONCE�OR�TWICE�A�MONTH� 0�� 11.8 (3.8) 3.0 (3.1) ** (�) 0.20�(0.06)� 0.05
AT�LEAST�ONCE�A�WEEK� 0Ý� 7.1 (�3.1) 3.2 (3.3) * (�) 0.12�(�0.05)� 0.05 (0.06)

MODEL�G:�MEMORISE�SCIENCE�FACTS�(NEVER)� � �
A�FEW�TIMES�A�YEAR� 0
� 9.7 (8.4) 3.1 ** 0.16�(0.14)� 0.05
ONCE�OR�TWICE�A�MONTH� 0�� 19.2 (18.9) 3.0 (3.1) ** 0.32�(0.31)� 0.05
AT�LEAST�ONCE�A�WEEK� 0Ý� 24.9 (25.7) 3.0 (3.1) ** 0.41�(0.43)� 0.05
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MCMC�Estimation�� Univariate�Model�Coefficients�&�
Significance�(Multivariate)�

Univariate�Effect�size�
(Multivariate)�

Response:�ASSSCIPV� Coef. s.e. Sig. Ñ +/��error�

MODEL�I:WATCH�SCIENCE�EXPERIMENTS�(NEVER)�
�

A�FEW�TIMES�A�YEAR� 0
� 20.4�(14.5) 3.2 ** 0.34 (0.24) 0.05�
ONCE�OR�TWICE�A�MONTH� 0�� 12.0�(4.7) 3.2 (3.3) ** (�) 0.20 (0.08) 0.05�(0.06)�
AT�LEAST�ONCE�A�WEEK� 0Ý� �2.3�(�7.9) 3.3 (3.5) � (*) �0.04 (�0.13)� 0.05�(0.06)�

MODEL�J:�PLAN�SCIENCE�EXPERIMENTS�(NEVER)�
�

A�FEW�TIMES�A�YEAR� 0
� 14.9�(8.5) 2.5 (2.6) ** 0.24 (0.14) 0.04�
ONCE�OR�TWICE�A�MONTH� 0�� 8.7�(3.5) 2.7 (3.0) ** (�) 0.14 (0.06) 0.04�(0.05)�
AT�LEAST�ONCE�A�WEEK� 0Ý� 1.4�(1.2) 3.2 (3.6) � 0.02 0.05�(0.06)�

MODEL�K:�DO�SCIENCE�EXPERIMENTS�(NEVER)�
�

A�FEW�TIMES�A�YEAR� 0
� 19.3�(13.6) 2.8 (3.0) ** 0.32 (0.22) 0.05��
ONCE�OR�TWICE�A�MONTH� 0�� 20.1�(18.1) 2.9 (3.3) ** 0.33 (0.30) 0.05�
AT�LEAST�ONCE�A�WEEK� 0Ý� 8.6�(12.4) 3.2 (3.7) ** 0.14 (0.20) 0.05�(0.06)�

MODEL�N:�WORK�ON�OWN(NEVER)� �

A�FEW�TIMES�A�YEAR� 0
� 14.8�(12.9) 3.9 ** 0.24 (0.21) 0.06��
ONCE�OR�TWICE�A�MONTH� 0�� 17.7�(16.2) 3.6 ** 0.29 (0.27) 0.06�
AT�LEAST�ONCE�A�WEEK� 0Ý� 18.6�(18.2) 3.5 ** 0.31 (0.30) 0.06�

MODEL�O:�WORK�IN�GROUP�(NEVER)� �

A�FEW�TIMES�A�YEAR� 0
� 12.2�(11.6) 3.6 ** 0.20 (0.19) 0.06�
ONCE�OR�TWICE�A�MONTH� 0�� 11.5�(9.8) 3.5 (3.6) ** 0.19 (0.16) 0.06�
AT�LEAST�ONCE�A�WEEK� 0Ý� 1.7�(0.4) 3.6 (3.6) � 0.03 (0.01) 0.06�

MODEL�P:�COMPUTER�USE��(NEVER)� �

A�FEW�TIMES�A�YEAR� 0
� 5.0 2.5 * 0.08 0.04�
ONCE�OR�TWICE�A�MONTH� 0�� �4.0 2.8 � �0.07 0.05�
AT�LEAST�ONCE�A�WEEK� 0Ý� �19.9 3.6 ** �0.33 0.06�
**�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%

  

Reform-based practice and discussion 

Memorising facts in science offers the greatest explanation of variance in the 

multivariate models with effect size�Ñ	 ��¶u.  The z-score percentiles can be referenced to 

aid interpretation of the reported effect size, noting that the effect score gives the number of 

standard deviations above the average student in the control group.  For example ‘Memorise 

Science Facts (at least once a week)’ has an effect size of 0.43 that translates into 0.43 

standard deviations above the average student in the control group i.e. a z-score of 0.50 + 

0.43 = 0.93.  This gives the percentile value of v�Ú N ��´u� 	 ��µµ from the standard 



207 
 

Normal Distribution function; the predictor response exceeds the scores of 66% of the 

control group.  Memorising facts in science is very clearly a significant activity with all 

responses providing significant explanation and substantial effect as frequency of 

opportunity increases.  The joint exposure to memorising and explaining the science studied 

can have an increased effect in the model. For example explaining a ‘few times a year’ in 

conjunction with memorising appears to offer a larger overall effect in the model (Ñ	 ����).   

Active learning and practical activities 

Evaluating effects for the cluster of variables linked to science experiments or 

investigations (watch, do, and plan), it is evident that the most consistent impact comes 

through students doing science experiments.  Effect sizes range from  Ñ	 ��X� to Ñ	 ��u� 

for doing science experiments within the multivariate model.  Opportunities to watch their 

teacher demonstrate an activity a few times a year is associated with a strong effect in the 

multivariate model, where  Ñ	 ��X¶ is equivalent to having the predictor response exceed 

the scores of 59% of the reference group ( v�Ú N ��·¶� 	 ��s´).  However, as the frequency 

of opportunity to watch demonstrations increases, the strength of association with 

achievement reduces quite rapidly.  A similar pattern of association is noted for planning 

experiments and investigations; a positive and significant effect when some opportunities are 

afforded (Ñ	 ���¶) but diminishing benefit when witnessed as a regular feature of learning. 

Learning environment 

In terms of classroom organisation, all three student responses to ‘working on their 

own’ in a science setting provided significant explanation in the multivariate model with 

effect sizes in the range of��Ñ	 ��X��Oi���u�.  Opportunities for group work appear to offer 

less explanation but still provide a significant contribution when experienced up to  once or 

twice a month; beyond that frequency of exposure the effect is negligible (Ñ	 ����).  

Technology

The role of ICT (univariate model of computer use) in learning and teaching does 

not appear to have any positive association with achievement in G4 Science, with only a 

marginal effect when witnessed a few times a year and a significant negative association 

when computers are used regularly. The absolute value of the effect is one of the largest in 

any of the univariate models of science achievement, Ñ	 Y��uu equivalent to having 63% of 

the reference group (those who never use computers in class) outperforming students who 

claim to make use of computers at least once a week.  
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5.2.4. Relate science to real life 

The last variable for potential inclusion in a model of science achievement concerns 

the frequency of lessons that students’ teachers relate science lessons to daily life.  Taking 

‘some lessons’ as reference category the accuracy diagnostics for the two predictor 

parameters are presented in Table 5.2-10.  Clearly the chain length of 300,000 iterations falls 

well short of the Brooks-Draper (Nhat) requirement to report parameters correct to 2 

significant figures but the Raftery-Lewis boundaries are satisfied for the reported posterior 

mean value.  Note the low effective sample size (ESS) for both estimates highlights the auto-

correlation and poor mixing in the chain, calling for considerably longer runs should this 

variable be included in any model. 

  Table 5.2-10: MCMC Diagnostics for ‘REAL LIFE’  

Relate to real life (science) N=15,085 cases; 300,000 iterations 
Parameter Posterior 

mean 
MCSE ESS Raftery-Lewis (quantile) 

Nhat when q=(0.025,0.975) 
Brooks-Draper (mean) 
Nhat Sig. Fig. 0
 1.4 0.074 2,001 (115,695 , 121,655) 2,559,623 2 0� 5.5 0.084 1,775 (131,120 , 125,595) 3,225,648 2 

 

As noted in the EDA of Chapter 4 there is a very equitable distribution across the 

three categories with minimal variance in mean achievement scores. Including this variable 

in the model does not improve the DIC and the model complexity is marginally higher 

having added these two categorical variables.  The parameter estimates calculated through 

MCMC method are not significant and so this variable is dropped from consideration. 
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5.2.5. Modelling all predictor and control variables  
(G4 science) 

In order to evaluate competing themes within the data and to identify the principal 

associations with science achievement, all background con���
 variables and previously 

examined predictor variables are modelled together.  This is a natural extension of the 

clusters that were analysed as groups in 5.2.3, i.e. the multivariate models presented in Table 

5.2-9.   

The findings are presented in full in Appendix 5.1.  In summary, the findings from 

this model are presented in Table 5.2-11 where significantly positive and negative 

associations with science achievement are presented against predictor responses to highlight 

substantive features of learning and teaching experiences.   

Table 5.2-11: Summary of key findings in model of G4 science achievement data with all control 
and predictor variables included 

Response�
Effect�size�

Negative�association� Positive�association�
Memorise�science�facts(never)�
Once�or�twice�a�month�
At�least�once�a�week� �

0.22�
0.41�

Watch�science�experiments�(never)�
A�few�times�a�year�
At�least�once�a�week� �0.13�

0.24�
�

Plan�science�experiments�(never)�
A�few�times�a�year� � 0.10�
Do�science�experiments�(never)�
A�few�times�a�year�
Once�or�twice�a�month�
At�least�once�a�week� �

0.21�
0.26�
0.18�

Work�on�own�(never)�
A�few�times�a�year�
Once�or�twice�a�month�
At�least�once�a�week� �

0.15�
0.21�
0.25�

Computer�in�science�lesson�(never)�
About�half�the�lessons�
Every�or�almost�every�lesson�

�0.14�
�0.33� �

 

In primary science education it is apparent that the memorisation of science facts is 

strongly associated with achievement, with the reported effect being equivalent to exceeding 

the scores of between 59 and 66 per cent of the control group.  Over sixty per cent of G4 

students identified memorisation as a feature of learning at least once or twice a month i.e. 

within the two categories reported above.   
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Another feature of students’ experience that has retained significance when all 

predictors are combined, concerns the handling of practical experiments and investigations.  

Opportunities for students to do science experiments and investigations are strongly 

associated with achievement, offering the highest effect sizes within the cluster on practical 

activities; all three response categories are significant contributors to the model of science 

achievement.  Opportunities to watch their teacher demonstrate an activity a few times a year 

is also associated with a strong effect in the combined model, retaining the effect size of  

Ñ	 ��X¶  reported in section 6.2.3 for the multivariate cluster on active learning and practical 

activities.   However, when the frequency of ‘watching a teacher do experiments’ increases 

to at least once a week there is a negative association with science achievement; an 

experience that affects almost thirty per cent of the cohort.  

On learning environment, where students report frequency of working on own or in 

groups, only the former offers a significant association with science achievement in the 

combined model.   The data in Appendix 4.3 (Tables 4.3-9 and 4.3-10) note students having 

a comparable exposure to working on own and working in groups, and indicate an 

association with higher achievement scores from both type of classroom organisation.  

However in the combined model of G4 science achievement we see that working in groups 

does not offer any significant association with achievement, whereas opportunities to work 

science problems on own is strongly associated with higher achievement scores across all 

three response categories;  effect size of Ñ	 ���s  rising to Ñ	 ��Xs for working on own at 

least once a week.   

The role of ICT in support of science school work presents an increasingly negative 

association with achievement as the frequency of use rises to every or almost every lesson. 

Although that category only affects fewer than ten per cent of students, increasing to just 

over a quarter of students when considering both categories, what is of greater interest is the 

finding that computer use in class is not significantly associated with any increase in science 

achievement scores.   
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5.3. Mathematics Education (G4) 

The general multilevel model for mathematics achievement has an identical structure 

to that described in 5.2, with ‘plausible value’ taken as the lowest level (�) in the model, 

nested within student ($),  teacher (�), and school (�) levels of analysis.  The plausible value 

for the G4 mathematics data is ASMMATPV, giving the general model of mathematics 

achievement as: 

¯�°°¯±v���t� 	 01 x �1� x g1t� x j1�t�� x �e1��t� 
where 01 is the overall mean score across all schools and the error in student 

achievement is presented as in section 5.2.  The unconditional model of mathematics 

achievement for G4 students is shown in Table 5.3-1 . 

Table 5.3-1: Unconditional Model of Mathematics Achievement 

Estimation
Unconditional

Model A1

(IGLS) 

Unconditional

Model A2   

(MCMC 350,000 iterations) 

Response: ASMMATPV Coefficient s.e. Coefficient s.e. 

Fixed Part     

CONSTANT 01 498.1 2.8 498.2 2.8 

Random Part     

Level-4: IDSCHOOL �1� 424.7 143.4 416.0 142.1 

Level-3: IDTEACH  g1t�� 714.7 135.7 746.9 151.2 

Level-2: IDSTUD j1�t�� 4146.0 104.0 4149.0 104.3 

Level-1: IDCASE e1��t� 706.5 8.3 706.6 8.3 

Total Variance 5991.9  6018.4  

-2*LOGLIKELIHOOD 184240.6    

DIC:    174959.4  

pD:    3534.5  

Note:  N =18240 cases, 3348 students, with 256 teachers, in 137 schools;  

 

These estimates are computed using different techniques, with Model A1 generated 

via Iterative Generalised Least Squares method (IGLS) and Model A2 derived from a Monte 

Carlo Markov Chain method (MCMC) as used throughout previous section.  As far as the 

point-estimates are concerned there is little difference between the methods because the data 

distribution is close to normal, which makes the IGLS methodology fairly robust and 

considerably more efficient given the MCMC run time for a chain length of 350,000 

iterations.  The differences occur however in the analysis of variance in the hierarchical 

structure of the model, with the MCMC methodology providing a more accurate breakdown 
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of the variance components.    The MCMC diagnostic checks provide support for the 

accuracy of estimates and, as in section 5.1, these will also be used to confirm assumptions 

on variance components, checking the residual deviations are normally distributed and that 

the residual variances are homogeneous.    

As with the analysis of G4 Science data, Figure 5.3-1 presents a ‘caterpillar plot’ of 

the residuals +/- 1.96 s.d. by rank.  The plots that do not overlap with zero are deemed to 

have residuals that are significantly different (at the 5% level) from the overall average 

predicted score, the fixed parameter in model.  In this particular plot there are around 870 

cases with significantly low residuals, and around 670 cases with significantly high 

residuals.  This represents a different picture from that presented in Figure 5.2-7: Caterpillar 

Plot of student-level residuals in Model A1 (Science) in two ways.  First, the predicted 

average score for mathematics (498.2) is markedly lower than the predicted score for science 

achievement (504.5), but more notably, lower than the TIMSS international average of 500.  

Second, the distribution of residuals in the mathematics data shows a higher number cases 

are significantly different from the predicted average than witnessed in the science 

achievement data where the reported tails comprised of around 700 cases; the ~870 cases 

identified in the lower tail of the mathematics data account for just over 25% of the student-

level data so there is clearly scope to identify what lies behind those deviations from the 

reported average.  

Figure 5.3-1: Caterpillar Plot of student-level residuals in null Model A2 (Mathematics) 

 
 

Referring back to Table 5.3-1: Unconditional Model of Mathematics Achievement, 
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the variance partition coefficients (VPCs) can be computed.  In the unconditional model A2, 

the VPCs show 7% of the variation in student achievement is between schools, 12% is 

attributed to teacher-level variance, 69% is between students and the remaining 12% within 

student cases, as before, reflects the variation within the five plausible values assigned to 

each student.  As an analyst, it is those proportions of between-school, between-teacher, and 

between-student variances that need to be targeted to identify plausible explanations for 

differences in achievement scores.   

5.3.1. Models of G4 Mathematics Achievement 

Models of mathematics achievement are developed from the Unconditional Model 

of Mathematics Achievement in Table 5.3-1.  The same set of control variables as used in 

section 5.1 are added as fixed factors in each of the models.  The resultant models of 

mathematics achievement scores in Table 5.3-2 present the univariate and multivariate 

cluster statistics as an interim guide to associations with mathematics achievement.  These 

data indicate which aspects of learning and teaching and classroom experience appear to 

explain variance within the hierarchical models of G4 mathematics achievement.  

Table 5.3-2: Summary of Effect Sizes (Models of G4 Mathematics Achievement) 

MCMC�Estimation�� Univariate�Model�Coefficients�&�
Significance�(Multivariate�where�
changes�occur)�

Univariate�Effect�size�
(Multivariate�where�
changes�occur)�

Response:�ASMMATPV� Coef. s.e. Sig. Ñ� +/� error

MODEL�B:�EXPLAIN�ANSWERS�(NEVER)�
� �

SOME�LESSONS 13.6�(12.6)� 3.4�(3.5)� **�� 0.21�(0.20)� 0.05�
ABOUT�HALF�THE�LESSONS� 17.1�(14.9)� 3.7�� **�� 0.27�(0.23)� 0.06�
EVERY�OR�ALMOST�EVERY�LESSON 10.6�(6.8)� 3.8�(3.9)� **�(�)� 0.17�(0.11)� 0.06�

MODEL�C:�MEMORISE�PROCEDURES�ETC.�(NEVER)� � �
SOME�LESSONS 13.6 (11.2) 4.5 (4.5) **�(*) 0.21�(0.18)� 0.07
ABOUT�HALF�THE�LESSONS� 14.1 (11.5) 4.5 (4.6) **�(*) 0.22�(0.18)� 0.07
EVERY�OR�ALMOST�EVERY�LESSON 23.6 (21.7) 4.4 (4.6) **� 0.37�(0.34)� 0.07

MODEL�E:MEASURING�(NEVER)�
� �

SOME�LESSONS 9.1 (6.0) 3.1 ** (�) 0.14�(0.09)� 0.05
ABOUT�HALF�THE�LESSONS� �13.1 (�13.7) 4.2 (4.3) ** �0.21�(�0.22)� 0.07
EVERY�OR�ALMOST�EVERY�LESSON �30.2 (�28.4) 4.7 (4.8) ** �0.48�(�0.45)� 0.08 (0.09)

MODEL�F:�TABLES,�CHARTS�&�GRAPHS�(NEVER)�
� �

SOME�LESSONS 35.6�(32.7) 4.1 ** 0.56�(0.52)� 0.07
ABOUT�HALF�THE�LESSONS� 29.2 (28.9) 4.4 ** 0.46�� 0.07
EVERY�OR�ALMOST�EVERY�LESSON 12.4�(20.5) 4.8 (4.9) ** 0.20�(0.32)� 0.08
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MCMC�Estimation�� Univariate�Model�Coefficients�&�
Significance�(Multivariate�where�
changes�occur)�

Univariate�Effect�size�
(Multivariate�where�
changes�occur)�

Response:�ASMMATPV� Coef. s.e. Sig. Ñ +/��error�

MODEL�N:�WORK�ON�OWN(NEVER)� �

SOME�LESSONS� 36.7 (31.2) 7.9 ** 0.58 (0.49)� 0.13�(0.12)�
ABOUT�HALF�THE�LESSONS� 41.6�(36.5) 7.9�(7.8) ** 0.66 (0.58)� 0.13�(0.12)�
EVERY�OR�ALMOST�EVERY�LESSON� 53.3 (48.7) 7.7 ** 0.84 (0.77)� 0.12�

MODEL�O:�WORK�IN�GROUP�(NEVER)� �

SOME�LESSONS� 13.7 (16.9) 4.3 ** 0.22 (0.27)� 0.07�
ABOUT�HALF�THE�LESSONS� 14.8 (18.3) 4.6 ** 0.23 (0.29)� 0.07�
EVERY�OR�ALMOST�EVERY�LESSON� �7.7 (�3.3) 4.6 � �0.12 (�0.05)� 0.07�

MODEL�K:�USE�A�CALCULATOR�IN�CLASS�(NEVER)�
�

SOME�LESSONS� 13.8 (14.0) 2.4 ** 0.22 0.04�
ABOUT�HALF�THE�LESSONS� �1.4�(2.5) 4.7 � �0.02 (0.04)� 0.07�
EVERY�OR�ALMOST�EVERY�LESSON� �44.3 (�29.2) 7.6 (7.7) ** �0.70 (�0.46)� 0.12�

MODEL�P:�USE�A�COMPUTER�IN�CLASS��(NEVER)� �

SOME�LESSONS� �0.8 (�2.5) 2.4 � �0.01 (�0.04)� 0.04�
ABOUT�HALF�THE�LESSONS� �14.7 (�14.9) 3.8 ** �0.23 0.06�
EVERY�OR�ALMOST�EVERY�LESSON� �40.4�(�35.1) 4.4 (4.5) ** �0.64 (�0.55)� 0.07�
**�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%;�� t�value�is�not�significant

 

Learning environment 

The most significant explanatory factor is the student response to ‘working on 

problems on my own’.  All three responses provide a significant contribution with effect 

sizes in the multivariate model ranging from � = 0.49 to 0.77. On classroom organisation, it 

is noted that students’ response to working in small groups also provides significant 

explanation of variance in the model of G4 mathematics achievement.  Two of the responses 

are associated with significant coefficients in relation to ‘never’ having such an opportunity, 

with largest effect size (� = 0.29) attributed to this occurring in ‘about half the lessons’, 

reducing to � = 0.27 when only in ‘some lessons’.  There is marginal negative association 

when students work in small groups ‘every or almost every lesson’, but this is a non-

significant finding.  Overall, this represents a similar pattern of response as witnessed in the 

G4 science model, but in mathematics there is a stronger weight of evidence in support of 

group work. 
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Active learning and practical activities 

Another significant contributor to the model of mathematics achievement relates to 

presentation of data where students acknowledge opportunities to make tables, charts or 

graphs in their study of information handling or statistics.  Each of the responses to using 

data collected, and having ownership of the development and presentation of data, provides 

significant explanation of variance in the multivariate model of the G4 mathematics data 

with effect sizes of � = 0.52, 0.46 and 0.32 for ‘some lessons’, ‘about half the lessons’, and 

‘every or almost every lesson’ respectively.   The other practical component, measuring 

things in the classroom, is negatively associated with mathematics achievement; this type of 

experience does not appear to have the same degree of transferability that data presentation 

afforded in the model. 

Reform-based practice and discussion 

The next grouping of significant explanation of variance in the ranked order of effect 

size concerns ‘memorising’ and ‘explaining’.  Students memorising formulae, processes and 

how to work problems (procedures) is the more dominant of the two variables, but having 

students explain answers in ‘about half the lessons’ has an effect size of � = 0.23, which 

equates to those students exceeding the scores of 59% of the control group.  This 

distinguishes the results from those reported in the science models where explaining science 

studied had less of an effect – explaining appears to be important in the mathematics model, 

although when frequency increases to every lesson the significance of that activity is reduced 

(� = 0.11).  This latter pattern of response is perhaps a signifier of general weakness in that 

the student is constantly being asked to explain their answers, or at least that may be the 

student’s perception of the situation.  

Technology

The role of ICT in learning and teaching mathematics has a limited effect, similar to 

that reported for G4 science.  Using a computer does not offer any positive association with 

achievement in G4 mathematics, with all three responses indicating a negative association 

with achievement.  The absolute value of the effect is equivalent to having 71% of the 

reference group outperforming students who regularly make use of computers in their 

mathematics class. Opportunities to use a calculator are associated with some benefit, in that 

there is a positive association with mathematics achievement when calculators are used in 

‘some lessons’.  When used in half the lessons or more the association with achievement 

changes, presenting a similar picture to that witnessed with use of computers, namely the 
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multivariate ICT model presents a strong negative association with mathematics 

achievement where calculators are used regularly in mathematics classes (every or almost 

every lesson: Ñ	 Y��¶µ). 

Relate learning in mathematics to daily life 

Much as reported within the science data, inclusion of this teacher-level variable 

does not offer any significant explanation of variance or improve the model fit to the 

empirical data.  There is a very equitable split across the response categories with minimal 

variance in mean achievement scores reported in EDA.  Taking ‘some lessons’ as the 

reference category the parameter estimates calculated through MCMC method are not 

significant: 

‘About half the lessons’ 0
 	 Y·�µ�� � e� 	 µ�u�  
‘Every of almost every lesson’ 0� 	 ��·³�� � e� 	 µ�´� 
This variable is consequently dropped from further consideration as an explanatory 

for variance within models.  
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5.3.2. Modelling all predictor and control variables  
(G4 mathematics) 

The principal associations with mathematics achievement can be identified by 

examining the contributions made by all the control variables and predictor variables when 

modelled together.  This is a natural extension of the clusters that were analysed as groups in 

Table 5.3-2: Summary of Effect Sizes (Models of G4 Mathematics Achievement).   

The findings from this full model are presented in Appendix 5.2.  In summary, the 

findings from this model are presented in Table 5.3-3 where positive and negative 

association with mathematics achievement are presented against predictor responses.   

 
Table 5.3-3: Summary of key findings in model of G4 mathematics achievement data with all 
control and predictor variables included 

Response�
Effect�size�

Negative�association� Positive�association�
Explain�answers�(never)�
Some�lessons�
About�half�the�lessons�
Every�or�almost�every�lesson� �

0.15�
0.22�
0.17�

Memorise�procedures�etc.(never)�
Every�or�almost�every�lesson� �

�
0.30�

Measure�things�in�class�(never)�
About�half�the�lessons�
Every�or�almost�every�lesson�

�0.26�
�0.44� �

Make�tables,�charts�&�graphs�(never)�
Some�lessons�
About�half�the�lessons�
Every�or�almost�every�lesson� �

0.39�
0.32�
0.22�

Work�on�own�(never)�
Some�lessons�
About�half�the�lessons�
Every�or�almost�every�lesson� �

0.39�
0.47�
0.66�

Work�in�group�(never)�
Some�lessons�
About�half�the�lessons� �

0.17�
0.23�

Use�a�calculator�in�class�(never)�
Some�lessons�
Every�or�almost�every�lesson� �0.34�

0.20�
�

Computer�in��class�(none)�
About�half�the�lessons�
Every�or�almost�every�lesson�

�0.20�
�0.47� �

 

In primary mathematics education the profile of association with achievement in 

terms of reform-based practice presents a different picture from that reported in G4 science. 
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Although memorising formulae and procedures is significantly associated with mathematics 

achievement, with Ñ	 ��u� for memorising every or almost every lesson, it is noteworthy 

that all three response categories for explaining answers in class are significantly associated 

with raised achievement.  Only an eighth of students report ‘never’ having to explain their 

answers but almost a quarter of the cohort are in the category associated with a stronger 

effect in the model, when explaining is witnessed in about half the lessons (Ñ	 ��XX). 

Opportunities for students to engage in active learning and practical activities 

through making tables, charts and graphs are positively associated with achievement.  The 

other contributing variable in that cluster, measuring things in class, is negatively associated 

with achievement when students report that as a regular experience, occurring in half the 

lessons or more frequently; however only small numbers of students fall into those 

categories with less than ten per cent in each.  The contribution that making tables, charts 

and graphs offers in support of data handling and statistics, and the application of 

mathematical skills, is worthy of wider consideration given those high effect sizes (Ñ	
��XX�Oi���u´) that link the experience to high mathematics achievement.  

On learning environment, where students report frequency of working on own or in 

groups, both approaches provide significant association with mathematics achievement in the 

combined model.   In this combined model of G4 mathematics achievement we see that 

working problems on my own is the more significant predictor with effect sizes of    

Ñ	 ��u´�Oi���µµ, the upper value being equivalent to exceeding the scores of 75% of the 

control group.  A fairly balanced approach is witnessed in G4 mathematics education, with a 

significant positive association attributed to working in groups as well as having 

opportunities to work on own.  The two significant categories of ‘some lessons’ and ‘about 

half the lessons’ whose scores are positively associated with working in groups account for 

just fewer than seventy per cent of the cohort.  This is in contrast to that reported in 5.2.3 

where a small negative association with achievement scores was noted for opportunities to 

work in groups.   

The role of ICT in support of mathematics class work presents a negative association 

with achievement where use of computers in class is reported.  However, a positive 

association with achievement is noted for calculator use in some lessons, an expereince 

around sixty per cent of the cohort report as a feature of their learning; more frequent use 

appears to be detrimental to achievement scores with a strong negative association noted 

(Ñ	 Y��u¶) where calculator use extends to every or almost every lesson and students may 

become dependent on that technological tool.  
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5.4. Science Education (G8) 

The general multilevel model of G8 Science achievement follows a similar structure 

to that outlined in earlier sections that allows for school (�), teacher (�), and student ($) 

effects on achievement.  In this primary analysis the case-level measure BSSSCIPV is the 

‘plausible value’ that is taken as the lowest level (�) in the model.  The form of the general 

model of science achievement is therefore written as: 

Å���ÄÃv���t� 	 01 x �1� x g1t� x j1�t�� x �e1��t� 
where 01 is the overall mean score across all schools and the random error in student 

achievement is presented separately for each level of the model, with each of the errors 

assumed to be drawn from a Normal distribution with mean 0 and variance 2� as shown for 

the unconditional model for the G8 students in Table 5.4-1. 

These estimates in Model A1 and Model A2 are based on the IGLS and MCMC 

estimation methods and report very comparable estimates and breakdown of variance across 

the four nested levels of the model.  Around half of the total variance is attributed to student-

level of the model, with a further third at school-level.  This presents a quite different 

partitioning of variance to that witnessed in the G4 data for science and indeed to the G8 

mathematics data discussed in section 6.5, where the bulk of the variance in the model is at 

teacher-level; here we have less than 10% of the total variance at teacher-level of the model 

whereas about a third of total variance is between schools, highlighting the potential to 

identify school differences that might explain a large proportion of variance in the model.  

Another significant difference between G4 and G8 data concerns the number of teachers, 

with 777 teachers included in the models for G8 Science Achievement compared to only 251 

in the comparable models for G4 Science Achievement; this reflects an increase in specialist 

teachers in the secondary sector relative to primary setting. 

 
Table 5.4-1: Unconditional Model of GR8 Science Achievement 

Estimation�� Unconditional�
Model�A1�(IGLS)�

Unconditional��
Model�A2��(MCMC�350K)�

Response:�BSSSCIPV� Coefficient s.e. Coefficient (VPC)� s.e.�
Fixed�Part� �
CONSTANT� 01� 494.4 4.3 494.1 4.3�
Random�Part� �
Level�4:�IDSCHOOL��1�� 2118.9 296.9 2167.5 (0.33)� 316.7�
Level�3:�IDTEACH��g1t��� 492.1 74.6 491.1 (0.07)� 73.9�
Level�2:�IDSTUD j1�t��� 3282.6 87.1 3286.7 (0.49)� 87.2�
Level�1:�IDCASE e1��t�� 706.7 8.1 706.8 (0.11)� 8.1�

Note:�� N�=18845�cases,�3769�students,�with�777�teachers,�in�129 schools.��
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The model’s diagnostics are evaluated in the same way as presented earlier, taking 

account of the accuracy levels as determined by the chain length and checking residual 

deviations for normality to confirm the residual variances are homogeneous.  Much longer 

chains are required to overcome issues with auto-correlation and to satisfy accuracy levels 

for Raftery-Lewis quantiles and Brooks-Draper mean estimates.  The point estimate can be 

cited to 3 significant figures on the basis of Brooks-Draper mean (Nhat = 56,331), but for 

anything more precise I need to run an MCMC with 800K iterations or more in some of the 

models.  The kernel density estimate of the posterior distribution looks to be approximately 

following a Normal distribution as required for further analyses, making the point-estimates 

from IGLS analysis reasonably accurate but failing to fully provide an accurate breakdown 

of the variance components as referenced in section 5.3.  

Inspection of the ‘caterpillar’ plots of residuals +/- 1.96 s.d. by rank for each level of 

the hierarchy shows the science data from G8 (secondary school education) is different from 

the equivalent data at G4 (primary school science education presented in 5.1).  At school-

level, there are 30-35 schools at each end of the plot shown to be significantly different from 

the predicted average.  This visual representation reinforces the message that around one 

third of the total variance is attributed to school differences; these are the cases that can 

provide information on variant practices through analysis of the significantly different 

patterns of variance in the model.  By comparison, there were very limited differences 

between G4 schools with only one case at either end of the distribution showing evidence of 

being significantly different from the predicted average i.e. not overlapping with zero.   

Figure 5.4-1: GR8 Science school-level residuals 

 
The residuals at teacher-level of the models presented in Figure 5.4-2 shows there 

are very few cases where G8 teacher units are significantly different from the overall 

predicted score; only around five teachers at either end of the plot.  The G4 data presented a 
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similar picture with only marginally more teacher cases providing residuals that are 

significantly different (at the 5% level) from the average predicted score for their school.   

Figure 5.4-2: GR8 Science teacher-level residuals 

  
The residuals at student-level of the GR 8 science data, as illustrated in Figure 5.4-3, 

are smaller than those reported at GR 4 and there are considerably fewer cases that can 

provide explanation of variance in the model: only around 630 cases in lower tail and 560 in 

upper tail, compared with the G4 plot that offers around 800 and 830 in the respective tails.   

Figure 5.4-3: GR8 Science student-level residuals  

  
There is scope to identify explanations for differences in achievement scores by 

looking to reduce the between-school and between-student variances through modelling 

control and predictor variables as pursued in earlier sections.  The aim is to identify practices 

and experiences that are associated with achievement in order to inform policy and practice.   
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5.4.1. Control variables plus ‘memorising science facts 
and principles’ 

In considering which control variables to use for the models of science achievement 

for G8, I started with the same set of variables identified in Chapter 5.2.1.   First, the control 

variables for G8 data are not identical to those used earlier.  Although the selection and 

structure of control variables for G8 is set out in Chapter 5.2, some of those variables do not 

provide significant explanation of variance in the multi-level models of G8 science 

achievement.  As a result, some categorical variables were dropped from consideration; this 

removed possession of mobile phone (BS4GTH07) and the variable on safety concerns 

(BS4GPBSS) from subsequent models.  The derived variables for out-of-school interests, 

categorised as ‘Social’, ‘Individual’ and ‘Personal Development’, are entered in each model 

using the pseudo-continuous scaled version of the variables described in Chapter 4.2.2.  It is 

worth noting that the clusters under the same names are slight variants on those used with 

G4, with the ‘social’ dimension now based on two variables: play and talk with friends, and 

using the internet; the ‘individual’ component is also based on two responses: watch TV or 

videos, and play computer games; and the ‘personal development’ component is as before 

with three contributing elements: do jobs at home, read book for enjoyment, and do 

homework.   These new clusters better reflect the G8 student responses.  In the EDA I noted 

that there was a curvilinear association between those scaled variables and achievement 

scores; during this primary analysis the best fitting non-linear model was determined by 

fitting higher powers and reducing the complexity if no significant contribution to the model 

was made.  The resultant framework includes quadratic models for the ‘Social’, ‘Individual’ 

and ‘Personal Development’ control variables. 

The following set of control variables are therefore included as fixed factors in each 

of the models.  The categorical variables of interest are presented with reference category as 

noted in parenthesis: 

 

1. Speaks own language at home (always 
English) 

2. ICT at home (no computer) 
3. Books at home (one bookcase of 26-

100 books) 
4. Possessing own bedroom (Yes) 
5. Work in paid job (no time) 
6. Play sports (no time) 
7. Gender (boy) 

8. Formative years in UK (born or arrived 
in UK under 5 years) 

9. Study tools (none of calculator, 
dictionary, encyclopaedia) 

10. Out-of-school ‘Social’ (quadratic) 
11. Out-of-school ‘Individual’ (quadratic) 
12. Out-of-school ‘Personal Development’ 

(quadratic)
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The review of science education in Chapter 2 guided the selection of predictor 

variables and focus on practices that explain differences within achievement scores.  The 

explanatory factors used for G8 classroom experiences as are as set out in Table 5.1-1. 

The first of those will be presented in full with summary data provided for the 

remaining predictors.  The reported coefficients and standard errors associated with each of 

the control variable responses is fairly consistent across the models so the data in Table 5.4-2 

is taken as representative of the control-effects and association with science achievement for 

G8 students.   

Table 5.4-2: Memorise Science (Model B) includes control variables  

MCMC�Estimation��
(250,000�iterations)�

Unconditional�
Model�A�

Memorise Science�Facts�
&�Principles�(Model�B)�

Response:�BSSSCIPV� Coef. s.e. Coef. s.e. Sig.�
Fixed�Part� �
CONSTANT� 01� 495.2 4.3 474.9 9.3 **�
MEMORISE�SCIENCE�FACTS�&�PRINCIPLES�(NEVER) �
SOME�LESSONS� 9.1 3.6 *�
ABOUT�HALF�THE�LESSONS� 16.1 3.6 **�
EVERY�OR�ALMOST�EVERY�LESSON 12.5 3.8 **�
FORMATIVE�YEARS�(BORN/UNDER� �
ARRIVED�IN�UK�AGED�5�TO�10�YEARS �10.0 9.0 ��
ARRIVED�IN�UK�OLDER�THAN�10� �30.3 6.8 **�
SPEAKS�ENGLISH�AT�HOME� �
ALMOST�ALWAYS �4.8 3.9 ��
SOMETIMES� �10.6 5.7 ��
NEVER� �30.9 9.8 **�
ICT�AT�HOME:�COMPUTER,�INTERNET(NONE) �
COMPUTER�WITHOUT�INTERNET� 8.2 6.7 ��
COMPUTER�WITH�INTERNET� 22.4 5.9 **�
BOOKS�AT�HOME�(26�TO�100�BOOKS) �
NONE�OR�VERY�FEW�(0�TO�10� �35.7 2.9 **�
ONE�SHELF�(11�TO�25�BOOKS)� �13.5 2.5 **�
TWO�BOOKCASES�(101�TO�200� 13.6 2.9 **�
THREE�+�BOOKCASES�(OVER�200�BOOKS) 34.8 2.9 **�
POSSESS�OWN�BEDROOM�(YES)� � � �
NO� �7.0� 2.6� **�
WORK�IN�PAID�JOB�(NO�TIME)� � � �
LESS�THAN�1�HOUR� �13.3� 3.4� **�
BETWEEN�1�TO�2�HOURS� �12.7� 3.5� **�
MORE�THAN�2�BUT�LESS�THAN�4�HOURS �11.3� 4.4� *�
4�OR�MORE�HOURS� �10.2� 4.3� *�
PLAY�SPORTS�(NO�TIME)� � � �
LESS�THAN�1�HOUR� 0.2� 3.1� ��
BETWEEN�1�TO�2�HOURS� 3.9� 3.0� ��
MORE�THAN�2�BUT�LESS�THAN�4�HOURS 0.9� 3.3� ��
4�OR�MORE�HOURS� �14.6� 3.3� **�
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MCMC�Estimation��
(175K�iterations)�

Unconditional�
Model�A�

Memorise Science�Facts�
&�Principles�(Model�B)�

Response:�BSSSCIPV� Coef. s.e. Coef. s.e. Sig.
GENDER�(BOY)� �
GIRL� � �14.1 2.1 **

STUDY�TOOLS� �
ONE�OF�CALC,�DICT,� � 7.0 6.0 �
TWO�OF�CALC,�DICT,� � 15.6 5.4 **
ALL�THREE�OF�CALC,�DICT,� � 19.4 5.4 **
OUT�OF�SCHOOL�INTERESTS���SOCIAL�
(SCLSOCIAL�gm)^1� � �15.1 2.5 **
(SCLSOCIAL�gm)^2� � �7.8 2.4 **
OUT�OF�SCHOOL�INTERESTS���INDIVIDUAL�
(SCLIND�gm)^1� � 4.7 1.8 **

(SCLIND�gm)^2� � �8.4 1.7 **
OUT�OF�SCHOOL�INTERESTS�–�PERSONAL�
(SCLPDEV�gm)^1� � 19.7 1.5 **

(SCLPDEV�gm)^2� � �13.9 1.4 **

Random�Part�
Variance�
(VPC)�

Total�Proportion��
Reduction�

Level�4:�IDSCHOOL��1�� 2146.3� 312.6� 860.6�
(0.20)� 141.0� 0.60�

Level�3:�IDTEACH��g1t��� 486.9� 74.9� 283.7�
(0.07)� 53.9� 0.42�

Level�2:�IDSTUD� j1�t��� 3280.9� 87.9� 2441.2�
(0.57)� 67.6� 0.26�

Level�1:�IDCASE� e1��t�� 705.7� 8.2� 705.7�
(0.16)� 8.2� 0.00�

Total�Variance� 6619.9� � 4291.3� � 0.35�

DIC:�� 178269 178223.9 (45.2)
pD:�� 3579.0 3533.5 (45.5)

Note:�� N=18590�cases,�3679�students,�with�772 teachers,�in�129 schools;�
� **�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%�

 

All the control variables provide a significant explanation of variance in Model B.  

The overall reduction of 35% in total variance is partitioned with significant reductions in 

school- and teacher-level variance, reported as 60% and 42% respectively.  A smaller 

proportion reduction of variance at student-level still leaves the bulk of unexplained variance 

(57%) to be at student-level with one fifth of unexplained variance at school-level and only a 

small  proportion (7%) remaining at teacher-level of the model.  Model B provides a good fit 

to the data with reductions in DIC and in model complexity with a simpler structure reported 

as we move from the unconditional model. 

The bulk of the control variables carry negative coefficients, highlighting the 
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limiting or qualifying effect relative to the reference categories that those experiences can 

have on students’ achievement in scientific studies.  The variables associated with the 

greatest effect on achievement are related to home background: the number of books at 

home; whether English is ever spoken at home; migrant family having only recently arrived 

in UK (aged 10 or over on arrival); home support through learning study tools (calculator, 

dictionary, and encyclopaedia); internet connection for home computer.  Possession of high 

quality support is clearly associated with a positive effect, whereas a shortfall carries a 

negative association with achievement.  Remembering these students are in G8 and only 

aged 13/14, it is not unsurprising that those who undertake any paid work, even for only a 

short period of time in the week, are associated with a negative effect on academic 

achievement in science.  
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5.4.2. Other predictor variables (G8 science) 

The models of science achievement scores for the other predictor variables are 

presented in Table 5.4-3.  Each model is presented in summary format, acknowledging the 

same systematic approach as used with the development of previous models was deployed ��	

�
��� to the data presented here.  The table presents the coefficients, standard errors, and 

measures of significance for the predictor variable from the univariate model and its 

associated multivariate cluster.  The multivariate analysis is based on the cluster of variables 

within the selected theme, noting resultant statistics in parenthesis where they differ from the 

univariate model. The diagnostics of each univariate model and partitioning of variance 

within those models is presented in Appendix 5.3.1.    The key data in Table 5.4-3 will guide 

discussion of findings, prioritising as it will the experiences that offer greatest explanation of 

variance in science achievement, supporting conclusions drawn on which aspects of learning 

and teaching, and classroom experience, appear to offer explanation of variance in the 

models of student’s science achievement.  

Table 5.4-3: Summary of Effect Sizes (Models of G8 Science Achievement) 

MCMC�Estimation�� Univariate�Model�Coefficients�&�
Significance�(Multivariate)�

Univariate�Effect�size�
(Multivariate)�

Response:�BSSSCIPV� Coef. s.e. Sig. Ñ +/��error�

MODEL�B:�EXPLAIN�SCIENCE�STUDIED�(NEVER)�
�

SOME�LESSONS� � 4.9�(3.3) 4.1 (4.2) � 0.09 (0.06) 0.07�
ABOUT�HALF�THE�LESSONS� 13.2 (10.4) 4.1 (4.3) ** (*) 0.23 (0.18) 0.07�(0.08)�
EVERY�OR�ALMOST�EVERY�LESSON� 15.8 (13.1) 4.1 (4.4) ** 0.28 (0.23) 0.07�

MODEL�C:�MEMORISE�SCIENCE�FACTS�(NEVER)� � �
SOME�LESSONS� � 7.3�(5.0) 3.8 (3.9) � 0.13 (0.09) 0.07��
ABOUT�HALF�THE�LESSONS� 13.9 (9.1) 3.8 (4.0) ** (*) 0.25 (0.16) 0.07�(0.08)�
EVERY�OR�ALMOST�EVERY�LESSON� 12.2 (5.9)� 4.0 (4.3) ** (�) 0.22 (0.10) 0.07�(0.08)�

MODEL�D:WATCH�TEACHER�DEMONSTRATE�(NEVER)�
�

SOME�LESSONS� � 6.2�(0.9) 7.0 (7.4) � 0.11 (0.02) 0.12�(0.13)�
ABOUT�HALF�THE�LESSONS� 15.7�(7.8) 6.9 (7.4) * (�) 0.28 (0.14) 0.12�(0.13)�
EVERY�OR�ALMOST�EVERY�LESSON� 8.6�(1.4) 6.9 (7.4) � 0.15 (0.02) 0.12�(0.13)�

MODEL�F:�CONDUCT�AN�EXPERIMENT�(NEVER)�
�

SOME�LESSONS� � 14.2�(12.8) 6.9 (7.4) * (�)� 0.25 (0.23) 0.12�(0.13)�
ABOUT�HALF�THE�LESSONS� 24.2 (20.9) 6.9 (7.4) ** 0.43 (0.37) 0.12�(0.13)�
EVERY�OR�ALMOST�EVERY�LESSON� 20.8 (21.0) 6.9 (7.5) ** 0.37 0.12�(0.13)�
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MCMC�Estimation�� Univariate�Model�Coefficients�&�
Significance�(Multivariate)�

Univariate�Effect�size�
(Multivariate)�

Response:�BSSSCIPV� Coef. s.e. Sig. Ñ� +/� error

MODEL�E:�DESIGN�OR�PLAN�AN�EXPERIMENT�(NEVER)�
�

SOME�LESSONS � 5.6�(2.6) 4.1�(4.3) � 0.10�(0.05)� 0.07 (0.08)
ABOUT�HALF�THE�LESSONS� 10.1�(3.2) 4.1�(4.4) * (�) 0.18�(0.06)� 0.07 (0.08)
EVERY�OR�ALMOST�EVERY�LESSON 4.5�(�1.7) 4.2�(4.7) � 0.08�(�0.03)� 0.07 (0.08)

MODEL�G:�WORK�ON�OWN(NEVER)� �

SOME�LESSONS � 4.3 (3.3) 3.7 � 0.08�(0.06)� 0.06�(0.07)
ABOUT�HALF�THE�LESSONS� 10.8 (6.9) 3.7 ** (�) 0.19�(0.12)� 0.07
EVERY�OR�ALMOST�EVERY�LESSON 10.5 (5.9) 3.9 (4.0) ** (�) 0.19�(0.10)� 0.07

MODEL�H:�WORK�IN�SMALL�GROUP�(NEVER)� �

SOME�LESSONS � 11.3 (7.0) 8.1 (8.6)� � 0.20�(0.12)� 0.14 (0.15)
ABOUT�HALF�THE�LESSONS� 22.9 (15.4) 8.0 (8.6) ** (�) 0.41�(0.27)� 0.14 (0.15)
EVERY�OR�ALMOST�EVERY�LESSON 20.2 (11.3) 8.0 (8.5) *�(�)� 0.36�(0.20)� 0.14 (0.15)

MODEL�L:�LECTURE�STYLE�PRESENTATION� �
SOME�LESSONS � 6.4�(3.7) 6.4 (6.8) � 0.11�(0.06)� 0.11 (0.12)
ABOUT�HALF�THE�LESSONS� 15.4 (9.8) 6.3 (6.7) *�(�) 0.27�(0.17)� 0.11 (0.12)
EVERY�OR�ALMOST�EVERY�LESSON 23.4 (18.2) 6.1 (6.5) **� 0.41�(0.32)� 0.11�(0.12)

MODEL�J:�REVIEW�HOMEWORK�(NEVER)� �

SOME�LESSONS � �3.0 (�3.7) 2.5 � �0.05�(�0.07)� 0.04

ABOUT�HALF�THE�LESSONS� �7.4�(�6.2) 2.8 **�(*) �0.13�(�0.11)� 0.05

EVERY�OR�ALMOST�EVERY�LESSON �11.6 (�7.4) 2.9 (3.0) ** (*) �0.21�(�0.13)� 0.05

MODEL�K:�QUIZ�OR�TEST�(NEVER)� � �

SOME�LESSONS � 11.5 (12.5) 6.0 � (*) 0.20�(0.22)� 0.11

ABOUT�HALF�THE�LESSONS� 2.0 (4.1) 6.3 (6.4) � 0.03�(0.13)� 0.11

EVERY�OR�ALMOST�EVERY�LESSON �14.2 (�11.6) 6.6 (6.7) *�(�) �0.25�(�0.21)� 0.12

MODEL�M:�COMPUTER�(NEVER)� �

SOME�LESSONS � 3.8 (2.1) 2.1�(2.2) � 0.07�(0.04)� 0.04

ABOUT�HALF�THE�LESSONS� �12.9�(�12.3) 3.7�(3.8) ** �0.23�(�0.22)� 0.07

EVERY�OR�ALMOST�EVERY�LESSON �30.2 (�28.1) 5.5 (5.6) ** �0.53�(�0.50)� 0.10

MODEL�N:�COMPUTER�FOR�SCH�WORK�(NO�TIME) �

A�FEW�TIMES�A�YEAR� � 11.2 (10.9) 2.4 (2.5) ** 0.20�(0.19)� 0.04

ONCE�OR�TWICE�A�MONTH� � 5.1 (5.6) 2.5 * (*) 0.09�(0.10)� 0.04

AT�LEAST�ONCE�A�WEEK� �10.2 (�8.3) 3.5 (3.6) ** (*) �0.18�(�0.15)� 0.06

EVERY�DAY� � �21.7 (�16.6) 7.1 **�(*) �0.38�(�0.29)� 0.13

MODEL�P:�DAILY�LIFE��(NEVER)� �

SOME�LESSONS � �2.3 2.9 � �0.04� 0.05
ABOUT�HALF�THE�LESSONS� 3.0 3.0 � 0.05� 0.05
EVERY�OR�ALMOST�EVERY�LESSON 1.7 3.3 � 0.03� 0.06
**�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%
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Active learning and practical activities 

The predictor variable with highest effect in these models is the one that relates to 

‘conducting’ science experiments or investigations (Model F, equivalent to ‘doing’ at G4), 

where a strong association with achievement scores in science is highlighted.   Two of the 

three response categories offer significant explanation of variance in the multivariate model 

with effect size of Ñ	 ��u·, equating to students exceeding the achievement scores of 64% 

of the control group.   

The combination of ‘conducting’ experiments with opportunities to ‘watch’ science 

experiments or investigations provided a significant improvement in the model as a whole, 

as illustrated in Model O (Appendix 5: Table 6.5-14), where a loglikelihood reduction of 

16.9 is highly significant with  p<0.01  for CPRObability (16.9, 3).  This finding reinforced 

the dominant benefit of conducting experiments, but watching teachers demonstrate 

experiments lost significance in the multivariate model.  Incorporating ‘planning’ into the 

model provided no further explanation of variance in Model P (Table 6.3-14 in Appendix 5).   

In summary, higher science achievement scores are associated with regular opportunities for 

students to engage with practical scientific enquiry through conducting experiments or 

investigations; no additional explanation or association with achievement is attributed to 

watching teacher demonstrations or having opportunities to plan science experiments or 

investigations.   

Learning environment 

Although the univariate models provided significant evidence of effect in their 

respective models of science achievement, when the variables were combined the only 

significant contributor in this multivariate cluster concerns opportunities for lecture-style 

presentation.  There is a high effect of Ñ	 ��uX reported when students experience lecture-

style in every or almost every lesson.  The magnitude of effect is equivalent to those students 

exceeding the achievement scores of over 63% of the control group.  Other aspects of the 

learning environment provide no significant evidence of explanation in the multivariate 

model of science achievement, although there are higher effects attributed to working in a 

small group (maximum Ñ	 ��X·) than working on own (maximum Ñ	 ���X).  

Reform-based practice and discussion 

The model coefficients in Table 5.4-3 show changes in the levels of significance for 

the multivariate model when compared with the univariate models, with a strengthening of 

effect attributed to explaining science studied.  Two of the response categories provide 
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significant explanation of variance whereas only one response category of the competing 

concept of ‘memorising’ retains significance.  The strongest effect is associated with 

explaining answers on ‘every or almost every lesson’ (Ñ	 ��Xu), equivalent to those students 

exceeding the achievement scores of 59% of the control group.   

Technology

The role of ICT in learning and teaching G8 science does not offer a positive 

association with achievement.  The response to using a computer in science lessons (every or 

almost every lesson) is negatively associated with achievement and is attributed the highest 

absolute effect size across all models of science achievement considered in this stage 

(Ñ	 Y��s�); same direction of association but smaller effect (Ñ	 Y��XX) is noted for the 

response category of using computers in about half of the science lessons.  There is evidence 

of small but significant benefits in 
�����
����� using computers for school work (in and out 

of school), with an effect size of Ñ	 ���´ when experienced ‘a few times a year’.  However, 

as frequency of computer use increases, the strength of association with achievement 

diminishes before showing a significant negative association when students report this type 

of activity ‘every day’ (Ñ	 Y��X´).   

Assessment and feedback 

One variable in this cluster is positively associated with science achievement scores, 

namely having a quiz or test 
�����
����� i.e. in some lessons, where��Ñ	 ��XX.  Other 

response categories on quiz or test are negatively associated with achievement but are non-

significant within the multivariate model that jointly analyses Model J: Review Homework 

and Model K: Quiz or Test.   All response categories of reviewing homework are associated 

with small negative effects that are significant contributors when the frequency extends 

beyond half the lessons (Ñ	 Y�����Oi Y ���u). 

Contexts (real life) 

Much as noted in the G4 analysis, modelling the variable on relating learning to 

daily life provides no explanation of variance in the G8 science achievement data.  There is a 

very equitable split across the response categories with minimal variance in mean 

achievement scores reported in EDA.  None of the parameter estimates calculated through 

MCMC method are significant.  This variable was consequently dropped from clusters but 

included in final analysis that contained all of the predictor variables as guided by the 

literature. 
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5.4.3. Modelling all predictor and control variables  
(G8 science)

Combining all background control variables and predictor variables will allow 

competing themes within the data and to be evaluated.  This model, an extension of groups 

of related variables reported in Table 5.4-3 will help identify the principal associations with 

G8 science achievement.  

The findings are presented in full in Appendix 5.3.2.  In summary, the findings from 

this model are presented in Table 5.4-4 where positive and negative association with science 

achievement are presented against predictor responses.   

Table 5.4-4: Summary of key findings in model of G8 science achievement data with all control 
and predictor variables included  

Response�
Effect�size�

Negative�association� Positive�association�
Explain�science�studied(never)�
Every�or�almost�every�lesson� � 0.22�
Lecture�style�presentation�(never)�
Every�or�almost�every�lesson� � 0.25�
Work�problems�on�our�own�(never)�
Every�or�almost�every�lesson� � 0.19�
Review�our�homework�(never)�
About�half�the�lessons�
Every�or�almost�every�lesson�

�0.23�
�0.28� �

Have�a�quiz�or�test�(never)�
Every�or�almost�every�lesson� �0.25� �
Use�computers�in�sci�lesson(never)�
About�half�the�lessons�
Every�or�almost�every�lesson�

�0.18�
�0.36� �

Computer�in�support�of�sch�wk(none)�
A�few�times�a�year�
At�least�once�a�week�
Every�day�

�0.17�
�0.28�

0.16�
�
�

 

In secondary science education it is apparent that opportunities to explain science 

studied are strongly associated with achievement.  This presents a different picture to that 

reported at G4, where memorisation was a dominant contributor in the model of science 

achievement; memorisation at G8 loses significance in the combined model, much as 

predicted within the multivariate analyses in Table 5.4-3: Summary of Effect Sizes (Models 

of G8 Science Achievement).  Around one third of the cohort report explaining science on 

every or almost every lesson, the response category that is significantly associated with high 

achievement (Ñ	 ��XX). 
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The key features of students’ learning environment that retained a positive 

association with science achievement in the combined model are lecture-style presentation 

and working on own.  Regular lecture-style presentations provide the stronger effect, with 

Ñ	 ��Xs being equivalent to those students out performing sixty per cent of the control 

group.  Working on own is a more significant contributor (t-value > 2.58) but the response 

category of every or almost every lesson has a smaller effect in the combined model 

with��Ñ	 ���´; working in small groups offers a similar effect size (Ñ	 ���´) but this is a 

non-significant  contributor in the combined model. 

Although there is a small positive association reported for computer use in support 

of schoolwork ‘a few times a year’ (Ñ	 ���µ), the general pattern for the role of ICT in 

support of science school work, in or out of lessons, is an increasingly negative association 

with achievement.  As the frequency of use in class rises to every or almost every lesson, the 

effect size increases to��Ñ	 Y��uµ; equivalent to 64% of the control group outperforming 

those students.  Similarly for out-of-school computer use in support of science school work , 

a significant negative association with achievement is reported when this occurs at least once 

a week ��Ñ	 Y���·, increasing to��Ñ	 Y��X³  for computer use ‘every day’. 

In the cluster of variables within assessment and feedback, the response categories 

that provide a significant explanation in the model are all negatively associated with science 

achievement.   The highly significant effects associated with reviewing homework in about 

half the lessons rising to every or almost every lesson, go from ��Ñ	 Y��Xu to��Ñ	 Y��X³.  

Those response categories and effects impact almost fifty per cent of the cohort.  A 

comparable negative association (Ñ	 Y��Xs��is noted for having a quiz or test every or 

almost every lesson.  Admittedly this only affects fewer than ten per cent of the cohort but it 

is striking that feedback accrued from quiz, test or reviewing homework does not provide a 

significant positive association with science achievement. 
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5.5. Mathematics Education (G8) 

The general multilevel model for G8 mathematics achievement has an identical 

structure to that described in 5.3, with ‘plausible value’ taken as the lowest level (�) in the 

model, nested within student ($),  teacher (�), and school (�) levels of analysis.  The form of 

the general model of mathematics achievement is written as: 

Å�°°¯±v���t� 	 01 x �1� x g1t� x j1�t�� x �e1��t� 
where G8 mathematics achievement is the response variable and  01 is the overall 

mean score across all schools.  The error in student achievement is presented separately for 

each level of the model as before, providing a breakdown of error in the model as a whole.  

These are shown in the unconditional models for the G8 students in Table 5.5-1. 

Table 5.5-1: Unconditional Model of GR8 Mathematics Achievement 

Estimation
Unconditional

Model A1

(IGLS) 

Unconditional

Model A2   

(MCMC 60,000 iterations) 

Unconditional

Model A3   

(MCMC 350,000 iterations) 

Response: BSMMATPV Coefficient s.e. Coefficient s.e. Coefficient s.e. 

Fixed Part      

CONSTANT 01 476.2 4.3 476.0 3.8 476.0 4.0 

Random Part       

Level-4: IDSCHOOL �1� 573.5 309.5 92.2 262.4 349.2 360.0 

Level-3: IDTEACH  g1t�� 3792.4 399.5 4304.1 423.8 4059.0 463.1 

Level-2: IDSTUD j1�t�� 1451.6 36.0 1451.7 36.3 1452.1 36.2 

Level-1: IDCASE e1��t� 507.8 5.7 507.8 5.6 507.9 5.7 

Total Variance 6325.3  6355.7  6368.1  

-2*LOGLIKELIHOOD 195011.8      

DIC:    186741.3  186739.6  

pD:    3792.4  3791.4  

Note:  N =20175 cases, 4035 students, with 314 teachers, in 129 schools;  

 

These estimates are computed using different techniques, with Model A1 generated 

via Iterative Generalised Least Squares method (IGLS) and Model A2 derived from a Monte 

Carlo Markov Chain method (MCMC) as used throughout previous sections.  The observed 

differences are in the analysis of variance in the hierarchical structure of the model.  The 

MCMC methodology provides a more accurate breakdown of the variance components as 

the number of iterations increases, with diagnostic checks providing support for the accuracy 

of estimates.  As in section 5.3, the diagnostic checks are used to confirm assumptions on 

variance components, to check residual deviations are normally distributed and to confirm 
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residual variances are homogeneous.   There are no threats to validity in the model. 

The partitioning of variance within the model is quite different to that reported on 

G4 data.  The bulk of variance in the G8 data is at teacher-level (64%) with a small 

proportion attributed to school-level (5%) and over a fifth at student-level of the hierarchy 

(23%); some 8% variance is contained within the plausible values at unit-level.  This 

compares with VPCs of  0.12, 0.07, 0.69 and 0.12 respectively within the G4 data in section 

5.3.   This shift in proportions of variance will be primarily down to organisational structures 

within the secondary school settings, where the classes are likely to be set by ability in 

contrast to the primary school arrangement of mixed ability groupings; however this is not 

explicitly recorded in the data and is therefore a speculative interpretation of the findings.  

Assuming the classes are set by ability then differences between classes in each school 

(teacher variance) will be large, and differences within classes (student variance) will be 

small.   Inspection of the ‘caterpillar’ plots of residuals +/- 1.96 s.d. by rank for each level of 

the hierarchy provides a visual of the data from G8, reinforcing the differences from the G4 

data presented in section 5.3 and perhaps reflecting the organisational differences between 

sectors.  At school-level, the G8 spread of scores within each school is such that no schools 

are identified as having residuals that are significantly different from the overall mean; there 

are no significant differences between schools. In G4 the pattern of residuals was more 

pronounced but there was only one school where the plot did not overlap with zero, marking 

the residuals as significantly different (at the 5% level) from 01 the overall average predicted 

score. 

Figure 5.5-1: Caterpillar Plots of GR8 school-level residuals 

 

 

 

 

 

 

 

 

 

 

 

The teacher-level of the model provides the greatest explanation for differences, 

with over ninety cases in each tail of the plot reflecting the number of teachers with residuals 
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that were significantly different from the predicted school average.  This represents a major 

shift from that witnessed in the G4 data where fewer than ten teachers in each tail of the 

caterpillar plot displayed significance.   

Figure 5.5-2: Caterpillar Plots of GR8 teacher-level residuals 

 

 

 

 

 

 

 

 

 

 

 

The residuals at student-level of the G8 data are generally smaller than those 

reported for G4 and do not provide the same degree of significant explanation of variance 

within the model.  This is evidenced via the VPC computed from Table 5.5-1 but also 

through the student-level residual plot by rank shown below, where there are around 700 

cases in each of the lower and upper tails of the plot that do not overlap with zero.  This 

compares with around 870 cases in the tails of G4 Mathematics student-level plot. 

Figure 5.5-3: Caterpillar Plots of GR8 student-level residuals 

 

 

 

 

 

 

 

 

 

 

 

There is therefore ample scope to identify plausible explanations for differences in 
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achievement scores by looking to reduce the between-teacher and between-student variances 

by modelling control and explanatory variables as pursued in previous sections.  The 

exploratory data analysis detailed in Chapter 4 and the review of mathematics education in 

Chapter 2, guided the selection of control variables and pedagogical focus on experiences 

that explain differences within achievement scores.   

The control variables for G8 Mathematics data are not identical to those used earlier.  

The categorical variables used in the G8 Science models were all considered for inclusion 

but some were dropped to make a more parsimonious model because they did not provide 

any significant explanation in the model.  This led to the removal of variables reporting on 

study tools, ICT at home, possession of own bedroom, possession of mobile and the variable 

on safety concerns, none of which provided explanation of variance in the models.  The 

derived variables for out-of-school interests categorised as ‘Social’, ‘Individual’, and 

‘Personal Development’ dimensions are entered in each model using the pseudo-continuous 

scaled version of the variables outlined in Chapter 4.2.2.  It is worth noting that the clusters 

are derived on the same basis as for Science Education, with the empirical analysis used to 

determine the best fitting non-linear model by fitting higher powers and reducing the 

complexity if no significant contribution was made.  The resultant framework includes 

quadratic models for the ‘Social’ and ‘Individual’ variables, and a cubic model for the 

‘Personal Development’ control variable.  The control variables to be included in models of 

mathematics achievement scores are: 

1. Speaks own language at home (always 

English) 

2. Books at home (one bookcase 26-100 

books) 

3. Formative years in UK (born or arrived 

in UK under 5 years) 

 

4. Gender (boy) 

5. Work in paid job (no time) 

6. Play sports (no time) 

7. Out-of-school ‘Social’ (quadratic) 

8. Out-of-school ‘Individual’ (quadratic) 

9. Out-of-school ‘Personal Development’ 

(cubic) 
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5.5.1. Control variables plus ‘memorising formulas and 
procedures’ 

The selected control variables all provide significant explanation of variance in the 

models of student achievement.  Typical values for coefficients, standard errors and effect 

sizes are illustrated in Table 5.5-2, where the tabulated values for control variables are 

computed from data based on the ‘memorise’ model. These reported values are from the 

MCMC estimation of student achievement but it is worth noting that the IGLS estimation 

produced virtually identical data; IGLS methodology will be used in development of later 

models.  The data from Model B in Table 5.5-2 are used to summarise the effects of control 

variables in the models. 

Table 5.5-2: Memorising procedures and formulae (Model B) compared with Unconditional 
(Model A�) 

MCMC�Estimation�(54,000�
iterations)�

Unconditional�
Model�(Model�A�)�

Memorise�Procedures�&�
Formulae��(Model�B)�

Response:�BSMMATPV� Coefficie
nt�

s.e. Coef. s.e. Sig.�

Fixed�Part� �
CONSTANT� 01� 477.1� 3.8� 487.1� 4.3� **�
MEMORISE�PROCEDURES�ETC.�(NEVER) � � �
SOME�LESSONS� 9.8� 2.1� **�
ABOUT�HALF�THE�LESSONS� 9.9� 2.2� **�
EVERY�OR�ALMOST�EVERY�LESSON� 10.2� 2.4� **�
SPEAKS�ENGLISH�AT�HOME� � � � � �
ALMOST�ALWAYS � � �0.2� 2.9� ��
SOMETIMES� � � 5.8� 4.1� ��
NEVER� � � �13.9� 7.0� *�
BOOKS�AT�HOME�(26�TO�100�BOOKS) � � �
NONE�OR�VERY�FEW�(0�TO�10� �16.2� 2.0� **�
ONE�SHELF�(11�TO�25�BOOKS)� �9.0� 1.8� **�
TWO�BOOKCASES�(101�TO�200�BOOKS) 2.9� 2.1� ��
THREE�+�BOOKCASES�(OVER�200�BOOKS) 12.7� 2.1� **�
FORMATIVE�YEARS�(BORN/UNDER�5) �
ARRIVED�IN�UK�AGED�5�TO�10� 3.8� 7.0� ��
ARRIVED�IN�UK�OLDER�THAN�10� �17.8� 5.1� **�
GENDER�(BOY)� � � �
GIRL� �10.0� 1.5� **�
WORK�IN�PAID�JOB (NO�TIME)� � � �
LESS�THAN�1�HOUR� �5.3� 2.5� *�
BETWEEN�1�TO�2�HOURS� �4.4� 2.6� ��
MORE�THAN�2�BUT�LESS�THAN�4�HOURS �8.4� 3.2� **�
4�OR�MORE�HOURS� �15.6� 3.2� **�
� � � �
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MCMC�Estimation�(54K�iterations) Unconditional�
Model�(Model�A�)�

Memorise�Procedures�&�
Formulae��(Model�B)�

Response:�BSMMATPV� Coefficie
nt�

s.e. Coef. s.e.� Sig.�

PLAY�SPORTS�(NO�TIME) � � �
LESS�THAN�1�HOUR� 0.6� 2.3� ��
BETWEEN�1�TO�2�HOURS 3.4� 2.2� ��
MORE�THAN�2�BUT�LESS�THAN�4�HOURS �1.6� 2.4� ��
4�OR�MORE�HOURS� � � �7.1� 2.4� **�
OUT�OF�SCHOOL�INTERESTS�– SOCIAL � � �
(BSCLSOC�gm)^1� �7.3� 1.3� **�
(BSCLSOC�gm)^2� �4.2� 1.3� **�
OUT�OF�SCHOOL�INTERESTS�� INDIVIDUAL � �
(BSCLIND�gm)^1� 0.6� 1.1� ��
(BSCLIND�gm)^2� �3.2� 1.1� **�
OUT�OF�SCHOOL�INTERESTS�– PERSONAL� � �
(BSCLPD�gm)^1� 2.4� 2.0� ��
(BSCLPD�gm)^2� �13.3� 3.1� **�
(BSCLPD�gm)^3� 3.7� 1.8� *�
�
Random�Part�

Variance�
�(VPC)�

Total�Proportion
Reduction�

Level�4:�IDSCHOOL��1��
229.2� 276.2�

158.9�
(0.03)� 208.1� 0.31�

Level�3:�IDTEACH��g1t���
4092.7� 426.4�

3288.5�
(0.63)� 331.7� 0.20�

Level�2:�IDSTUD� j1�t���
1429.0� 37.0�

1269.5�
(0.24)� 33.3� 0.11�

Level�1:�IDCASE� e1��t��
502.3� 5.8�

502.2�
(0.10)� 5.8� 0.00�

Total�Variance� 6253.2� � 5219.1� � 0.17�
DIC:�� 172276.9� 172254 (22.5)�
pD:�� 3501.9� 3478.6 (23.3)�
Note:�� N=18635�cases,�3727 students,�with�312 teachers,�in�129 schools;��
� **�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%�

 

Model B has accounted for 17% of the unexplained variance in the unconditional 

model.  The percentage reduction in variance computed at each level of Model B shows the 

inclusion of all the control variables and the predictor ‘memorise’ reduces the school-level 

variance by 31%.  Teacher-level variance is reduced by 20% and the student-level variance 

is reduced by just over a tenth.  Model B provides a good fit to the empirical data with 

reductions in DIC and model complexity (pD).  The overall variance is now partitioned in 

such a way that the bulk of variance (63%) is still at teacher-level, with 24% remaining at 

student-level and only 3% of the unexplained variance at school-level. 
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5.5.2. Other predictor variables (G8 mathematics)

The G8 classroom experiences can be empirically evaluated in terms of learning and 

teaching mathematics and are considered as explanatory factors to generate separate models 

of mathematics achievement.  The variables identified in section 5.1 are clustered by themes 

in Table 5.5-3, where each model is presented in summary format, acknowledging the same 

systematic approach as used within the development of previous models was deployed.  

Only the coefficients, standard errors, measures of significance, and effect sizes for the 

predictor variables B through N are presented; fuller details of each model are provided in 

Appendix 5.4.1.  The same set of control variables as used in G8 Model B are added as fixed 

factors in each of the models.       

Table 5.5-3: Summary of Effect Sizes (Models of Mathematics Achievement) 

MCMC�Estimation�� Univariate�Model�Coefficients�&�
Significance�(Multivariate�where�
changes�occur)�

Univariate�Effect�size�
(Multivariate�where�
changes�occur)�

Response:�BSMMATPV� Coef. s.e. Sig. Ñ +/��error�

MODEL�B:�MEMORISE�PROCEDURES�ETC.�(NEVER)�
�

SOME�LESSONS� 10.0 (9.5) 2.1 (2.2) ** 0.26 (0.25)� 0.06�
ABOUT�HALF�THE�LESSONS� 10.7 (10.0) 2.3 (2.4) ** 0.28 (0.26)� 0.06��
EVERY�OR�ALMOST�EVERY�LESSON� 10.7 (10.0) 2.5 ** 0.28 (0.27)� 0.07�

MODEL�C:�EXPLAIN�MY�ANSWERS�(NEVER)� �
�

SOME�LESSONS� 6.2�(4.4)� 3.5�� �� 0.17�(0.12)� 0.09�
ABOUT�HALF�THE�LESSONS� 8.5�(6.2)� 3.5�� *�(�)� 0.23�(0.17)� 0.09�
EVERY�OR�ALMOST�EVERY�LESSON� 7.9�(5.4)� 3.3�(3.4)� *�(�)� 0.21�(0.14)� 0.09�

MODEL�G:DAILY�LIFE�(NEVER)� �
�

SOME�LESSONS� �0.4� 1.9� �� �0.01� 0.05�
ABOUT�HALF�THE�LESSONS� 0.5� 2.1� �� 0.01� 0.06�
EVERY�OR�ALMOST�EVERY�LESSON� �5.0� 2.3� *� �0.13� 0.06�

MODEL�H:REVIEW�HOMEWORK�(NEVER)�
�

SOME�LESSONS� 5.3�(5.2)� 2.3� *� 0.14�� 0.06�
ABOUT�HALF�THE�LESSONS� 4.4�(5.4)� 2.4� ��(*)� 0.12�(0.14)� 0.06�
EVERY�OR�ALMOST�EVERY�LESSON� �0.7�(1.1)� 2.4� �� �0.02�(0.03)� 0.06�

MODEL�I:QUIZ�OR�TEST�(NEVER)� �
�

SOME�LESSONS� �10.6�(�11.2)� 5.2�� *�� �0.28�(�0.31)� 0.14��
ABOUT�HALF�THE�LESSONS� �17.7�(�18.4)� 5.4� **� �0.47�(�0.49)� 0.14��
EVERY�OR�ALMOST�EVERY�LESSON� �24.1�(�23.6)� 5.6� **� �0.64�(�0.63)� 0.15��
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MCMC�Estimation�� Model�Coefficients�&�Significance Effect�size��

Response:�BSMMATPV� Coef. s.e. Sig. Ñ� +/� error

MODEL�E:�WORK�IN�SMALL�GROUPS�(NEVER)� �
� �

SOME�LESSONS �0.3�(�0.1)� 1.6� �� �0.01�� 0.04�
ABOUT�HALF�THE�LESSONS� �1.9�(�3.3)� 2.3� �� �0.05�(�0.09)� 0.06�
EVERY�OR�ALMOST�EVERY�LESSON �15.7�(�18.7)� 2.9�� **� �0.42�(�0.50)� 0.08�

MODEL�F:�WORK�ON�OWN�(NEVER)� � �
� �

SOME�LESSONS 4.8�(3.5)� 3.5�� �� 0.13�(0.09)� 0.09��
ABOUT�HALF�THE�LESSONS� 7.1�(6.0)� 3.4�(3.5)� *�(�)� 0.19�(0.16)� 0.09��
EVERY�OR�ALMOST�EVERY�LESSON� 13.7�(13.6)� 3.5�� **� 0.36�(0.36)� 0.09��

MODEL�J:LECTURE�STYLE�PRESENTATION�(NEVER)�
� �

SOME�LESSONS� 7.4�(7.6)� 4.6�(4.5)� �� 0.20�� 0.12�
ABOUT�HALF�THE�LESSONS� 12.7� 4.5� **� 0.34�� 0.12�
EVERY�OR�ALMOST�EVERY�LESSON� 11.7�(10.5)� 4.4�� **�(*)� 0.31�(0.28)� 0.12�

MODEL�K:�CALCULATOR�(NEVER)�
� �

SOME�LESSONS 8.7�(8.4)� 4.4�(4.4)� *�(�)� 0.23�(0.2)� 0.12��
ABOUT�HALF�THE�LESSONS� 12.3�(13.0)� 4.6�� **� 0.33�(0.34)� 0.12�
EVERY�OR�ALMOST�EVERY�LESSON 9.2�(11.5)� 4.7�� ��(*)� 0.24�(0.31)� 0.13�

MODEL�L:COMPUTER�(NEVER)�
� �

SOME�LESSONS �2.5�(�3.0)� 1.9�� �� �0.07�(�0.08)� 0.05�
ABOUT�HALF�THE�LESSONS� �12.6�(�13.0)� 3.6�(3.7)� **� �0.33�(�0.34)� 0.10�
EVERY�OR�ALMOST�EVERY�LESSON �15.2�(�14.8)� 4.6�� **� �0.40�(�0.39)� 0.12�

MODEL�M:�COMPUTER�FOR�SCH�WK�(NO�TIME)� � � � �
A�FEW�TIMES�A�YEAR� 4.8�(5.3)� 1.8�� **� 0.13�(0.14)� 0.05�
ONCE�OR�TWICE�A�MONTH� �0.7�(�0.1)� 1.9�(2.0)� �� �0.02�(0.00)� 0.05�
AT�LEAST�ONCE�A�WEEK� �3.8�(�2.6)� 2.7� �� �0.10�(�0.07)� 0.07�
EVERY�DAY� �28.4�(�27.1)� 5.3�(5.4)� **� �0.75�(�0.72)� 0.14�

MODEL�D:�INTERPRET�DATA�(NEVER)� �
� �

SOME�LESSONS 3.2�(2.1)� 3.5�� �� 0.08�(0.06)� 0.09��
ABOUT�HALF�THE�LESSONS� �4.0�(�5.4)� 3.7�(3.8)� �� �0.10�(�0.14)� 0.10�
EVERY�OR�ALMOST�EVERY�LESSON� �11.8�(�13.6)� 4.1�(4.2)� **� �0.31�(�0.36)� 0.11�

MODEL�N:�PROCEDURES�FOR�COMPLEX�PROB�(NEVER)� � � �
SOME�LESSONS 4.6�(5.1)� 1.9�� *(**)� 0.12�(0.14)� 0.05�
ABOUT�HALF�THE�LESSONS� 2.0�(4.5)� 2.2� ��(*)� 0.05�(0.12)� 0.06�
EVERY�OR�ALMOST�EVERY�LESSON 0.8�(5.3)� 2.5�(2.6)� ��(*)� 0.02�(0.14)� 0.07�
**�t�value>2.58,�sig.�level�1%;�*�t�value>1.96,�sig.�level�5%
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The resultant models of mathematics achievement scores will be used to draw 

conclusions on which aspects of learning and teaching and classroom experience appear to 

offer explanation of variance within the hierarchical models of G8 mathematics 

achievement.  In each model there is evidence of a good fit with some 15 to18% reduction in 

overall variance from the unconditional model.  The control variables account for a 

significant proportion of that reduction in variance but the predictor variables offer 

additional explanation with significance and effect sizes as detailed in Table 5.5-3.   The 

variance reduction is primarily attributed to school- and teacher-levels of the model with just 

under one fifth of the teacher-level variance reduced by modelling the stated controls and 

individual predictor variable. The school-level variance is significantly reduced in some of 

the models: by as much as 90% reduction when modelling ‘work in small groups’ or 

incorporating opportunities to relate learning in mathematics to ‘daily lives’.  The largest 

proportion reduction in variance for those particular predictor variables is attributed to 

school-level of the model, possibly reflecting the school ethos or structure as much as the 

individual teacher choices on when, and how frequently, to use group work or to incorporate 

links to daily lives.  A fairly consistent reduction of just over 10% in student-level variance 

is reported in each model.   Reduction in DIC further supports the significance of the models 

that provide explanation of variance through either significant coefficients in response 

categories (t-value >2.58 for Sig. level 1%); details on proportion of variance explained is 

also presented in Appendix 5.4.1. 

Learning environment 

In the G8 models of mathematics achievement, one of the most significant 

explanatory factors is the student response to lecture-style presentations.  This variable 

provides the highest positive effect size of  Ñ	 ��u¶ when lecture-style is reported for about 

half the lessons, and only marginally reduced to Ñ	 ��X³ when witnessed every or almost 

every lesson.  On wider classroom organisation, significant explanation of variance in the 

models is only evidenced when working individually or working in small groups ‘every or 

almost every lesson’.   There is a positive association for ‘work problems on our own’, 

where a significant effect is reported (Ñ	 ��uµ), whereas a stronger negative effect is noted 

for ‘working together in small groups’ every or almost every lesson, evidenced by an effect 

of��Ñ	 Y��s�.   Neither of the other response categories for these two variables provides 

significant explanation of variance in the multivariate model of mathematics achievement.  

 



241 
 

Reform-based practice and discussion 

The most significant explanatory variable in this cluster concerns frequency of 

opportunity to memorising formulas and procedures.  All three responses provide 

consistently significant explanation of variance with effect sizes of��Ñ	 ��Xs�Oi���X·.    

Unlike the combination of memorising and explaining reported for G4, there is no 

added benefit from considering the two variables together for G8 responses.  The 

multivariate model highlights a dominant effect from opportunities to memorise formulas 

and procedures, which is broadly unaffected by the inclusion of demands to explain answers.  

Explaining on its own offers limited explanation of variance in the model with a small effect 

size of 0.23 to 0.21 when witnessed in about half the lessons or more frequently; these 

coefficients are significant at the 95% level (O 	 X�¶).   

Technology

The technology cluster provides a significant explanation of variance in the models 

of mathematics achievement concerning the use of ICT.  Responses to using a calculator 

provide significant explanation of variance in the model with positive effect sizes of 0.31 to 

0.34, the higher effect associated with response of ‘about half the lessons’.  The same cannot 

be said for use of a computer in mathematics lessons or indeed for using a computer for 

schoolwork in and out-of-school.  Both of those variables are negatively associated with 

mathematics achievement scores across all bar one of the response categories, with a strong 

association identified in the model when a computer is used every lesson (Ñ	 Y��u´) or in 

about half the lessons (Ñ	 Y��u¶).  There is strong negative association with achievement 

scores when a computer is used in support of schoolwork every day (Ñ	 Y��·X); the only 

exception to this negative trend is when computers are used to support school work a few 

times a year, where there is a small but highly significant positive effect reported in the 

multivariate model (Ñ	 ���¶).    

Assessment and Feedback 

Another experience of note relates to student’s frequency of doing a quiz or test.  

The model highlights a strong negative association with achievement when students report 

this as a feature of their classroom practice in about half their lessons (Ñ	 Y��¶´), or in 

every or almost every lesson (Ñ	 Y��µu).  The latter is equivalent to those students being 

outperformed by nearly 75% of the control group who claim to never have a quiz or test as 

part of their mathematics lesson.  

Opportunities to review homework in G8 mathematics lessons are positively 
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associated with achievement with a small but significant explanation of variance provided 

when experienced in up to half the lessons (Ñ	 ���¶); any more frequently and the 

association loses significance.  

Active learning and practical activities 

A negative association is evidence when students report regular engagement with 

interpreting data in tables, charts or graphs.  This effect only applies to a small proportion of 

respondents (10%), but nevertheless the effect size of  –0.36 ranks that variable in the upper 

region of explanatory variables within models of G8 mathematics achievement.  A small but 

significant positive association is attributed to the variable on solving complex problems, 

where students decide on their own procedures for solving multi-step problems.  This effect 

is noted across all response categories for that variable in the multivariate model; a highly 

significant explanation is witnessed when this occurs in some lessons (Ñ	 ���¶).  This 

response supports student autonomy in learning and active learning within G8 Mathematics 

experiences. 
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5.5.3. Modelling all predictor and control variables  
(G8 mathematics)

The final model for consideration takes G8 mathematics achievement as the 

dependent variable and models all the control variables and predictor variables previously 

considered for this subset of TIMSS2007 data.  This is a natural extension of the clusters 

analysed section 5.5.2 where the multivariate responses are presented in Table 5.5-3.   

The findings for this model are presented in Appendix 5.4.2.  In summary, the key 

findings are presented below in Table 5.5-4, reporting positive and negative association with 

mathematics achievement as before.   

 
Table 5.5-4: Summary of key findings in model of G8 mathematics achievement data with all 
control and predictor variables included 

Response�
Effect�size�

Negative�association� Positive�association�
Memorise�procedures�etc.(never)�
Some�lessons�
About�half�the�lessons�
Every�or�almost�every�lesson� �

0.28�
0.36�
0.46�

Review�our�homework�(never)�
Some�lessons� �

�
0.12�

Have�a�quiz�or�test�(never)�
Some�lessons�
About�half�the�lessons�
Every�or�almost�every�lesson�

�0.40�
�0.57�
�0.60� �

Work�on�own�(never)�
Every�or�almost�every�lesson� � 0.38�
Work�in�small�group�(never)�
Every�or�almost�every�lesson� �0.35� �
Use�a�calculator�in�class�(never)�
About�half�the�lessons�
Every�or�almost�every�lesson� �

0.30�
0.31�

Use�computers�in�math�lesson(never)�
About�half�the�lessons� �0.23� �
Computer�in�support�of�sch�wk(none)�
A�few�times�a�year�
Every�day� �0.64�

0.13�
�

Relate�learning�to�daily�life�(never)�
Every�or�almost�every�lesson� �0.14� �
Interpret�data�
Every�or�almost�every�lesson� �0.35� �

 

In secondary mathematics education the profile of association with achievement in 

terms of reform-based practice presents a different picture from that reported in G4 
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mathematics.  Here ‘memorising formulae and procedures’ is significantly associated with 

mathematics achievement, with Ñ	 ��X³ for memorising in some lessons rising to��Ñ	 ��¶µ 

for memorising in every or almost every lesson.   Around one fifth of the students are 

affected by that higher effect, which is equivalent to those students outperforming 68% of 

the control group.  In contrast, none of the response categories on explaining answers 

provide significant explanation of variance in the combined model; noting G4 data was 

positively associated with explaining answers as documented in Table 5.3-3.   

On learning environment, where students report frequency of working on own or in 

groups, both approaches provide significant association with mathematics achievement.   In 

the combined model of G8 mathematics achievement a significant positive association is 

retained between working problems on my own and achievement (Ñ	 ��u³) whereas a 

negative association of similar magnitude (Ñ	 Y��us) is noted between working in a small 

group and G8 mathematics achievement.  Those significant associations only affect the 

response category for ‘every or almost every lesson’; this impacts 34% of students for 

working on their own, but fewer than ten per cent of the cohort for working in a small group.  

Response categories on lecture-style presentation do not offer any significant explanation of 

the variance in the combined model for G8 mathematics; almost two thirds of the cohort 

report ‘listening to their teacher give a lecture-style presentation’ in almost every lesson. 

The role of ICT in support of mathematics class work presents a positive association 

with achievement for calculator use in half the lessons or more frequently, both categories 

reporting the equivalent of students exceeding the scores of 62% of the control group who 

never use calculators.  Those response categories affect over fifty per cent of the G8 cohort. 

On the other hand computer use in class and for out-of-school support in mathematics 

education is generally negatively associated with achievement scores.  The significant effects 

highlight computer use in class, when occurring in about half the lessons, as being negatively 

associated with achievement (Ñ	 Y��Xu); and computer use in support of mathematics 

school work as negatively associated with achievement (Ñ	 Y��µ¶) when witnessed every 

day.  However, the latter response category only adversely affects a small proportion of the 

population.  A small but significant positive association is reported for computer use in 

support of school work a few times a year, where the association with achievement has an 

effect size of��Ñ	 ���u.   

Opportunities for students to engage in active learning and practical activities 

through solving complex problems or interpreting tables, charts and graphs provide limited 

explanation in the model of achievement.  Although data handling was positively associated 

with G4 mathematics achievement across all three response categories, in G8 only one 
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response provides a significant contribution to the model, with a negative association 

between interpreting data (every or almost every lesson) and mathematics achievement 

(Ñ	 Y��us).  Any association between solving complex problems and achievement scores 

that was reported within the multivariate model (Table 5.5-3) has been lost.   

The final grouping that provides significant explanation in the combined model of 

G8 mathematics achievement relates to assessment and feedback.   Reviewing homework on 

‘some lessons’ is positively associated with G8 mathematics achievement, where a small but 

significant effect of Ñ	 ���X is computed.  Other responses in this cluster are all negatively 

associated with achievement scores, where having a quiz or test at all is associated with 

effect sizes of���Ñ	 Y��¶�� Y��s·, and��Y��µ�, as the frequency runs from some lessons, 

through half the lessons, to every or almost every lesson.  Over three quarters of students 

experience a quiz or test in some lessons, but with that reported effect size it is equivalent to 

those students being out performed by 66% of the control group.  Fewer than ten per cent of 

students report having such an experience every lesson, but for those students this is the 

equivalent to having 73% of the control group exceeding their scores.  
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6. Alternative Analyses 
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6.1. Grade 4  

6.1.1. Modelling an average of plausible values (AVPV) 
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6.1.2. Modelling a single plausible value (SPV) 
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6.1.3. Modelling combined plausible values using Rubin’s 
Rules (CPV-Rubin) 
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6.1.4. Comparison of alternative models for G4 
mathematics and science  
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Table 6.1-3: Significant findings in CPV model of G4 mathematics (MLPV effects) 

Response 
Effect size 

Negative association Positive association 
Explain answers (never) 
Some lessons 
About half the lessons 
Every or almost every lesson  

0.14 (0.15) 
0.20 (0.22) 
0.16 (0.17) 

Memorise procedures etc.(never) 
Every or almost every lesson  

 
0.28 (0.30) 

Measure things in class (never) 
About half the lessons 
Every or almost every lesson 

-0.24 (-0.26) 
-0.41 (-0.44)  

Make tables, charts & graphs (never) 
Some lessons 
About half the lessons 
Every or almost every lesson  

0.37 (0.39) 
0.30 (0.32) 
0.20 (0.22) 

Work on own (never) 
Some lessons 
About half the lessons 
Every or almost every lesson  

0.37 (0.39) 
0.44 (0.47) 
0.62 (0.66) 

Work in group (never) 
Some lessons 
About half the lessons  

0.16 (0.17) 
0.22 (0.23) 

Use a calculator in class (never) 
Some lessons 
Every or almost every lesson -0.32 (-0.34) 

0.18 (0.20) 
 

Computer in  class (none) 
About half the lessons 
Every or almost every lesson 

-0.19 (-0.20) 
-0.44 (-0.47)  
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Table 6.1-4: Significant findings in CPV model of G4 science (MLPV effects) 

Response 
Effect size 

Negative association Positive association 
Memorise science facts(never) 
Once or twice a month 
At least once a week  

0.20 (0.22) 
0.36 (0.41) 

Watch science experiments (never) 
A few times a year 
At least once a week  (-0.13) 

0.21 (0.24) 
 

Plan science experiments (never) 
A few times a year   (0.10) 
Do science experiments (never) 
A few times a year 
Once or twice a month 
At least once a week  

0.19 (0.21) 
0.23 (0.26) 
0.16 (0.18) 

Work on own (never) 
A few times a year 
Once or twice a month 
At least once a week  

 (0.15) 
0.19 (0.21) 
0.22 (0.25) 

Computer in science lesson (never) 
About half the lessons 
Every or almost every lesson 

-0.13 (-0.14) 
-0.30 (-0.33)  
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6.2. Grade 8 

6.2.1. Alternative models for G8 mathematics and science 
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Table 6.2-1: Summary of differences within estimates in analyses using SPV model 

Dependent 
Variable 

Range of change in 
coefficient 
estimates 

Standard error 
Range of change in 

effect size 
Average 

Percentage 
change (%) 

Mathematics SPV 
BSMMAT03 -6.4 to +2.8 15 -0.19 to +0.12 

Science SPV 
BSSSCI03 -8.5 to +2.8 10 -0.15 to +0.05 
BSSSCI01 -11.7 to +5.6 11 -0.16 to +0.10 
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Table 6.2-2: Summary of differences within estimates in analyses using CPV model 

Dependent Variable 
Range of change 

in coefficient 
estimates 

Standard error 
Range of change in 

effect size 
Average 

Percentage 
change (%) 

Mathematics CPV 
BSMMAT_RUBIN -0.77 to +0.84 46 -0.05 to +0.08 

Science CPV 
BSSSCI_RUBIN -0.44 to +0.29 34 -0.03 to +0.02 
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Table 6.2-3: Significant findings in CPV model of G8 science achievement (MLPV effects) 

Response 
Effect size 

Negative association Positive association 
Explain science studied(never) 
Every or almost every lesson  0.20 (0.22) 
Lecture-style presentation (never) 
Every or almost every lesson   (0.25) 
Work problems on our own (never) 
Every or almost every lesson  0.17 (0.19) 
Review our homework (never) 
About half the lessons 
Every or almost every lesson 

-0.20 (-0.23) 
-0.25 (-0.28)  

Have a quiz or test (never) 
Every or almost every lesson  (-0.25)  
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Table 6.2 3: Significant findings in CPV model of G8 (Continued) 

Response 
Effect size 

Negative association Positive association 
Use computers in sci lesson(never) 
About half the lessons 
Every or almost every lesson 

-0.17 (-0.18) 
-0.33 (-0.36)  

Computer in support of schwk(none) 
A few times a year 
At least once a week 
Every day 

-0.16 (-0.17) 
 (-0.28) 

0.14 (0.16) 
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Table 6.2-4: Significant findings in CPV model of G8 mathematics achievement (MLPV effects) 

Response 
Effect size 

Negative association Positive association 
Memorise procedures etc.(never) 
Some lessons 
About half the lessons 
Every or almost every lesson  

0.25 (0.28) 
0.32 (0.36) 
0.41 (0.46) 

Review our homework (never) 
Some lessons  

 
 (0.12) 

Have a quiz or test (never) 
Some lessons 
About half the lessons 
Every or almost every lesson 

-0.34 (-0.40) 
-0.48 (-0.57) 
-0.51 (-0.60)  

Work on own (never) 
Every or almost every lesson  0.33 (0.38) 
Work in small group (never) 
Every or almost every lesson -0.30 (-0.35)  
Use a calculator in class (never) 
About half the lessons 
Every or almost every lesson  

 (0.30) 
 (0.31) 

Use computers in math lesson(never) 
About half the lessons  (-0.23)  
Computer in support of sch wk(none) 
A few times a year 
Every day -0.57 (-0.64) 

 (0.13) 
 

Relate learning to daily life (never) 
Every or almost every lesson  (-0.14)  
Interpret data 
Every or almost every lesson -0.30 (-0.35)  
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7. Discussion and Conclusions 
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7.2. Substantive issues 
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Table 7.2-1:  Predictors that provide a significantly xve or Yve association with G4 
achievement; strike through font indicates factors that are not significant 

How�often�do�you�do�these�things�in�your�…
mathematics�lessons�(G4)� science�lessons�(G4)

Reform�based�practice�and�discussion�

Explain�my�answers�� � (xve)� Write�or�give�an�explanation�for�something�I�am�
studying�in�science�

Memorise�how�to�work�problems� (xve) Memorising�science�facts�and�procedures� (xve)

Active�learning�and�practical�activities�
Measure�things�in�the�classroom�and�
around�the�school�� � (Yve)� Watch�the�teacher�do�a�science�experiment� (xve)�

Make�tables,�charts�or�graphs�� (xve)� Design�or�plan�a�science�experiment�or�
investigation�

� Do�a�science�experiment�or�investigation�� (xve)
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Table 7.2-1:  Predictors that are significantly associated with G4 achievement (Continued) 

How�often�do�you�do�these�things�in�your�…
mathematics�lessons�(G4) science�lessons�(G4)

Learning�environment�
Work�problems�on�my�own� (xve)� Work�science�problems�on�my�own (xve)�
Work�with�other�students�in�small�groups�
� � � � (xve)�

Work�with�other�students�in�a�small�group�on�a�
science�experiment�or�investigation�

Technology�
Use�a�calculator� � � (xve)� Use�a�computer�in�science�lessons (Yve)�
We�use�computers� � (Yve)�
Use�a�computer�for�mathematics�schoolwork�
(in�and�out�of�school)� � (Yve)�

Use�a�computer�for�science�schoolwork�(in�and�
out�of�school)� � � � (Yve)�

�

Table 7.2-2: Predictors that provide a significantly xve or Yve association with G8 
achievement; strike through font indicates factors that are not significant 

How�often�do�you�do�these�things�in�your�…
mathematics�lessons�(G8) science�lessons�(G8)

Reform�based�practice�and�discussion�

Explain�our�answers�� Give�explanations�about�what�we�are�studying
� � � � � (xve)��

Memorise�formulas�and�procedures�� (xve) Memorise�science�facts�and�principles�

Active�learning�and�practical�activities�

Interpret�data�in�tables,�charts�or�graphs�(Yve)� Watch�the�teacher�demonstrate�an�experiment�
or�investigation�

Decide�on�our�own�procedures�for�solving�
complex�problems� Design�or�plan�an�experiment�or�investigation�

� Conduct�an�experiment�or�investigation�

Learning�environment�
Work�problems�on�our�own� (xve) Work�problems�on�our own (Yve)�

Work�together�in�small�groups�� (Yve)� Work�in�small�groups�on�an�experiment�or�
investigation�

Listen�to�the�teacher�give�a�lecture�style�
presentation�

Listen�to�the�teacher�give�a�lecture�style�
presentation�

Contexts�(real�life)�
Relate�what�we�are�learning�in�mathematics�
to�our�daily�life� Relate�what�is�learned�in�science�to�our�daily�lives���

Technology�
We�use�calculators� We use�computers (Yve)�

We�use�computers�
Use�a�computer�for�mathematics�schoolwork�
(in�and�out�of�school)� (Yve)�

Use�a�computer�for�science�schoolwork�(in�and�
out�of�school)� ‘a�few�times�a�year’�� (xve)�
� � ‘at�least�once�a�week’�� (Yve)�
�

Assessment�and�feedback�
Review�our�homework� Review�our�homework (Yve)�
Have�a�quiz�or�test� (Yve) Have�a�quiz�or�test

�
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Table 7.2-3:  Summary of Associations with Achievement in Mathematics (conceptual link and 
highest individual effect) 

� Positive�association� Negative�association
Grade�4� Work�on�own�(LE,��=0.62) Use�computers�(T,��= �0.44)�
� Make�tables,�charts�and�graphs�

(ALP,��=0.37)� Measuring�in�class�(ALPA,��=��0.41)�

� Memorise�procedures�(RPD,��=0.28) Use�a�calculator�(T,��= �0.32)�
� Work�in�small�group�(LE,��=0.22)
� Explain�answers�(RPD,��=0.20)
� Use�a�calculator�(T,��=0.18)
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Table 7.2 3:  Summary of Associations with Achievement in Mathematics (continued) 

� Positive�association� Negative�association

Grade�8� Memorise�(RPD,��=0.41)� Use�computer�in�support�of�school�work��
(T,��=��0.57)�

� Work�on�own�(LE,��=0.33)� Have�a�quiz�or�test�(AF,��= �0.51)
� � Interpret�graphs,�charts�and�tables��

(ALPA,��=��0.30)�
� � Work�in�a�group�(LE,��= �0.30)

�

Differences across stage within mathematics 
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7.2.2. Science 
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Table 7.2-4:  Summary of Associations with Achievement in Science (conceptual link and 
highest individual effect) 

� Positive�association� Negative�association
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Differences across stage within science 
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7.2.3. Similarities and differences across disciplines 
within stage 
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7.3. Alternative Models 
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7.4. Conclusions and Recommendations 

2/��"��"���������	�)/�1	��;#����	*$����#������/	���/���	�	������1���������)/��/	��4�

/	�����
����	

���)�	�)/����/���#�!	)���!�1/	��)�#
��$���3"
�������2/	���	����/���#$��	������

!����� ��	����!��������������/��"��!�������	����/�#
��$��!�

�1����/��# /�1��/�"�	)�������������

D����
����!
�)�����1/	��*�	�#����	���!#�#���	)������	���	""��"��	�����������1�����/	���/�����"��

�!�)����
	�����	�	
������	�����;#��������!����/��"�
�)��	���"�	)��)��)�**#������������!
�)�������

2/����	������;#�)5�!�3���
#�������	������������*���!��/�����#����	�����	������� ��� ����$��

����)�
��	""
�)	$
�����	

��1/�)/����1/����	
� #�������;#�����	����/��"��!����������������!#

��

)��������������)��!��*��	*"
���#������
�5��24�''��&4'��	���''A7�	���/���"#��#����
!.

��	
#	�����	���"
	��	/�	��!����/����
�	���������2/��	�	
�����/	��/� /
� /������*��
�� .

��	���� ����#������'20����#)	������#)/�	�� ��������!!����)���	����/���*"	)���!�/�*��

�������*�������
�	����,��"������	
�	)/����*�����	���� ��!�)	����3"
	�	�����!	)������$#��	
���

������!������)����"�
�)�����#����/	��1�#
��$���!���!��*����)#������1��/����/��"��!��������

��)
#��� �!�	�#�����!���!��*.$	����"�	)��)��	������)#�������	)�����
�	���� �	���"�	)��)	
�

	)����������#����!���)/��
� ���	����/��"�	)��)���!�	�����*����	���!���$	)5����
�	���� �	���

��	)/�� ���+�!
�)���������/��!����� ������/�����#���)	��"	����/��1	��!������)#�������!�

"��	 � �)	
�"�	)��)�����/����	���)�	�����1��/�	)/����*�������*	�/�*	��)��	����)���)��

��#)	������	���/�1��/�����
	������"�
�)������
�"*�������2/��������)�� 	�/��������*��/����

�!�	�	
�����	���	
���1���/���!�!#��/��������*��	�����	�������
�"*����	������	�)/��"�
�)��	���

"�	)��)��)�**#�������)�����������"���	�	
������!��	*"
���#������$	��������*"#�����	�	��

�




�(�
�

7.4.1. Implications for policy and practice 

2/����/�����/	��"��������	�*#)/.�������)�����$#���������/��
����	�#��������!��*�

"�	)��)���	���/�1��/���	���	���)�	����1��/�	)/����*������&���������/�����#���*#)/��!�1/	��

/	��$����"#$
��/�������#������	�	��/	��$�����!�	�/� /.
���
��#**	���!��*	���"������� �

������	����	
�)�*"	��������
�	 #���	$
����!�)�#�����"��!��*	�)����	���	�	
������!��������

�������*���$#��1��/�#��������!��� �	���)�	������1��/����/���	�	����*�	�#�����!��*"	)���/	��

)�#
��$��
��5������"	���)#
	��"�	)��)�������������	�)���/����"�)	
���"����� �!��*	����	����

!����� �����"������"	����� �	�"�)�#����!��/��������)��)�

�)�����/��# /��/���#�����$#������

��)���	��
����!��*�� ��/��	#����)��$�������/��!	)��6�

'�#����������/��F������G�� ��*��)��������"���������*	�/�*	��)������
	���	 ��<�	���/��=0-9�	���	 ��	���)�*"	�	$
��1��/��/��-:�)/�+�"#$
�)��
9��*	�5����	�)���4)�
	����+�"#$
�)��!�4��
	����A	���	��A#3�*$�#� ��7�1�
L�	
	����7��1	��	���&���# 	
����	��"��!��*	�)�����*	�/�*	��)��/	��
��*	�����#�)/	� ������)��
����	���
������ �=0-9��
��(��
�
4�����*���!�	�����*������1���/��������B���!�'
�"#"�
��/	�����	)/����1/��
"
	)��	�*	D����*"/	�������)
	�����*����������*	�/��������!!����������/��
������	����	
�	���	 ���1/�
���D#���#�����/	
!����B���!�"#"�
��/	�����	)/����
1/��"
	)��	�*	D����*"/	��������/����	)/��,���1��"��!������	
�D#� �*�����
	 	��������!!����������/��������	����	
�	���	 �����B��!�"#"�
��/	�����	)/����
1/��"
	)��	�*	D����*"/	��������	����	
������ ���	
��������$�
�1��/��
������	����	
�	���	 ���!�
�B�� �>�������	�����
�����
�
C/	�����������"������*�	�����&4'��	���1/	����
	�����/�"��!�	�������/����$��1����

��	)/���,��*"/	�������"	���)#
	��"�	)��)���	�����#�����	)/����*�����)��������24�''M���

-
�	�
���/����	����""���#����������#�����	5�����"���	�	
������!�"�
�)��	���"�	)��)�������
	�����

���	)/����*�����)�������"�������/��# /��#������	����/����/�����/	����# /�����*	5������	���

����#)/�	�	
�������2/������	�)/���)	��������!��	�"�)����!�"	���)#
	����#)	����	
����������	���

#����/��������)��!��*��	*"
���#������	�	������!��*�"�	)���������	���"�
�)��)�**#��������!�

�#�)�*���	���	���)�	������1��/�	)/����*��������$��	���	� ���!��#�)�*���	����3"�����)���

)	��$��)����������1��/��)�"�������!
�)�����"�
�)�.	�.�*"
�*������	��1�

�	����	
#	��� �

	���)�	������$��1����"��	 � �)	
�"�	)��)���	���	)/����*�����)������2/���)	����)
#���

)�**���	������	��� 	"��$��1����"�
�)��	�*��	���"�	)���������,��*"
�*���	������

/� /
� /��� ��/���*"���	�)���!����.�� ��!�)	���"����)��������*���
���!�	)/����*����	��1�

�

	��!�)#��� �����/����"����)������/	���!!����� ��!�)	����3"
	�	������!��	��	�)��	�������� �

�!!�)�������/��*���
������������	�)���/����3��)����"��������	���""���#����������!
�)������/��

"�
�)��)����3��	����*"
�*���	������!�"���)�"
���	���"�	)��)���"��*�����$������������	�
�	

5���������	���')��
	����	��������	
#	����/���!!�)	)���!�"�	)��)���	��"��*�����1��/�������	�)/�

���*	�/�*	��)��	����)���)��
�	���� �	�����	)/�� ���2/��!����� ��
�	��*�����)��)
#����/	��




���
�

�*"
�*���	������!��/����"�
�)�������!	��!��*�)�*"
����	�����������/��	���)�	������$��1����

"�	)��)��	���	)/����*����	�������	
1	������
����1��/�����	�)/�	���"�
�)��)
	�*����2/�����	�
��

�!��/�����/���!	

��	�������	������!��*�����	�)/�	����#**	���������-/	"�����8��/��	�"�)����!�


�	���� ����	)/�� �	���	�����*�����/	��"�	)����������	�����/�����	5�/�
�����1�#
�����1�

����

��!
�)������ ���� ��#��)�������	���������/��	���)�	��������	�)/���� #��������
�"*�����!�

"�	)��)����/	����/	�)����#�����	)/����*������

'����	
����#�����"����������/�����#���"��*"��1�����	���!#��/�������	�)/�����/���

�/��# /�	�������	
���)���	���	�	
������!�24�''��#������	�	��/	��!�)#�������	)/���	���

�)/��
�
���
���!��/���	�	������/��# /�"��*	����	�	�)�

�)���������"�)�!�)����#����/	��1�#
��

$���!���!��*�!�)#�����3"���*���	
�����$����	����	
���#�����	�����.��"�/�;#	
��	�����	�	
�����

����3"	������1/	��)	��$�� 
�	����!��*��/���#��������"��������4�1�#
��/� /
� /��!�#���#)/�

���#����/	��	���1���/���!��3"
���� ����������	�������	
���)���	���	�	
������!�	)/����*�����	�	�

1��/��)/��
.�	�����	)/��.
���
��	��	$
���)�#
��"�������������)���!�	���)�	�����$��1����

��	)/��,��;#	
�!�)	���������
!.)��!����)������#$D�)��5��1
�� ���	����""���#�������!���

"��!������	
�����
�"*����1��/��)���)��	)/����*�����)������������� ���#  �����/������$���!�

"	���)#
	����
��	�)������)���)����#)	����������� �	�
	)5��!��""���#�����!����3"
	���� ��)���)��

��#�����������	��	�!�	�#����/	�����"������	

��
��5��������	)/���)��!����)��	�����)#��������

'�)�������
�
�	�����"����������""����3���(���'�)���	���	�	
������!���	)/��.�	����)/��
.
���
�

�	��	$
���"��������	���)/���#�)���!���!��*	���������3"
	����	��	�)��������#�����	)/����*�����

"�)5�� �#"������	)/���;#	
����	��	$����	���	))�#���� �!����)/��
�)/	�	)�������)����)
#��� �

!	)������#)/�	���)/��
�)�*"���������
�	����/�"��"	����	
��� 	 �*�����	�������#�)�����'�)�����

�/��#����!���)/��
� �������
�	���� �	�����	)/�� �	���/�1��/	��)#
�#���)/	� ��������!��������/��

')�����/�������*���,���$D�)������!���4-2�)	����	

��$���	5���!��1	��������#������	���� ��!�

�/���� 	�����	���)�	�������"������$��1����4-2�	���	)/����*�������*	�/�*	��)��	����)���)��

�����;#�����$�!����"�	)��)���)	��$�������1���	�������
�"������
����1��/�"�
�)��	�"��	��������

����3"���*���	
���#�������/��#����!�4-2�	��������*"	)�����
�	���� �	���	)/����*����1�#
��

$��!�	��$
���1��/��/���"�����!���	�)�����
� ��#"� ������/����	 ���	�	�
	$�
����	���

�*"
�*���	������!�"	���)#
	��"
	�!��*��	����#""����� ���#)	����	
���!�1	����2/�����/����

��*	����	�;#�������������/����
���!�)#��	���"#�"�����!��)���)���3"���*�����	���

������� 	��������2/��
����	�#���/	���	$
���	��	� ���!����1������/��$���!�����!��3"���*�����	���

�)�����!�)�*��/���$#�����1	������������ ���������	��/�!������*"/	����	�������� �/��!�	���)�	�����

1��/�"�	)��)	
�	���	)�����
�	���� �������)�������/��"��*	����������*���������)�*"	�������

�/��*������	������	
�!�)#��"#��#�������/����)���	�����	 �����������

�1.#"�	�	
������/�#
��

���5����	�)���	���1/	��
����$�/�����/����!����� �����������!��"�	)��)����/	��1�#
��$��

$���!�)�	
�!�����#��������4!�"�	)��)	
��3"���*�����	���������� 	������	������*������$��	�5���




���
�

�
�*�����!��!!�)�����"�	)��)���/���!#��/�����#�����	����������������	$
��/�/�1�"�	)����������

)	���#""����
�	���������*	3�*�����/���*"	)��	����!!�)���!�"
	���� ��1	�)/�� ����)���#)��� �

�)���)���3"���*�����	���������� 	����������#��/���/�������	������!���!#��/�����#����!��/��

)
#������!��	��	$
������	�����*����	���!���$	)5�������	$
��/�1/���3����� �"�	)��)���	�������

��/	�)�� �
�	���� �	���	)/����*����	��)
	�*�������/��
����	�#�����2/���1�

���;#����	��

	�	
������!�
��

���	��1�

�	��
�����������)
	��!��1/	��"�	)����������	������5�� ���� 	���!��*�

�/����	)���������������������*	5���������!��/���� 	�����	���)�	�����$��1����!���$	)5�	���

	)/����*����	����"�������/��# /��""���#���������������1�/�*�1��5��	������)�*"
����������

	���;#�::���������	��������#����!�*	�/�*	��)��	����)���)������*	D���
�*��	������!�

;#�������	�����#�����*��/��������/	���/���)	�����!#

����!
�)���/��)�*"
�3�����!��/��

)
	�����*�	�����	)/���,�"�	)��)������/	���/����1�

�$��	��	� ���!�1	������1/�)/�)�**���

"�	)��)���)	��$���*"
�*������<��/�����	�
�������/�1�$	��)�"�	)��)���	�����"
��������

�*"
�*������1�

������*����
���
��!��*"	)�����
�	�������� ��
�)�#��.���
��"������	������)�#
��

$��"	��������������	)����8������1��!�/�*�1��5�*	��*	5��
�1����/� /���*	���������#�����,�

)��)�"�#	
�#������	���� 8�*�*����	������!�!	)���	���"��)��#����)�#
��$��"#��
�������	���

�����#*���	
����!#

������ �	�����)����)����	�����
	����	
���C/�����/����	���#��3"
	�����

�	��	�)������)��!
�)��� �*���	 �������/��!����� ����"����������/����/��������1�#
��$��$���!�)�	
�

���������� 	����/�����#����/��# /�	
����	�����*�	�#����	�����!!����������	�)/������#*������

=���/��*��/�����!�	�	
������4�$�
�����*���3"
��	�����������)	
�� �)�*$�����

���"���������1���/���!�1�����	""
�)	�����1/�������"������)	
���/	���	��#����
��� �

)�����#�#��*�	�#�����2�	��!��*�� ��/���)	
������
����1��/�'��

,����)�**���	�����*	5���

!#

���#����!��/���	�	�	���/	���/��"������	
�!���	�*������!�����	�	
�����1��/����������	��	$
���

)����������	��)�����#�#���	��	$
������*���
���!�	)/����*�����)������2/���1�

�$��!#��/���

������� 	����1��/�	��	� ���!���!!���������"������)	
������	1�� �"	�	

�
��1��/��/��1��5��!�

&	 �.@#))���
��(��1/��)���������	�)�����#�#��*����)��/��# /�#����!�	�)�*"#�����
�����

�#��� ��	�	�)�

�)������	�����	
#	��� ��/��*�������!���	��!��*�� ������	
�"�
���*�#��

���"�����)	�� �����������	�)�����#�#��*����)�!����#$��;#����	�	
�������

2/���*"���)	
��	�	�/	��	
���"��������)�����)�� �������)���!�"�	)��)��	������� /�����

�/�������"���	������!�	�	
�����$	�������"
	#��$
���	
#��*��/���
� ����2/��*#
��
���
�*���
��

�#��	$
��	��������/��/���	�)/�)	
����#)�#����!��/���	�	�	���	���#)/��/�#
��$��#����$��	

�

	�	
�����!����/�����"���!�)
#��������	�	��1/�����$����	������1��/���	�)
#�����)	�����$��

	��#*������$������"������������������ 	���!����/���	*"
������ ��1�

�#��������*	����/����#��

�	*"
�� ��	��	$�
����	�������#�����-/	"����(���2/��)�*"�#���� �)����;#��)���!�/	��
�� �

�*"#�����	�	��"�����	���""���#��������������� 	����/��*�������!�	�*#
��
���
�"
	#��$
���	
#��

*���
���A&%���/	��)�#
��$��)�*"	����1��/�!����� ���/��# /�	""��"��	���	
����	�������




���
�

��)
#��� ��/��)#�����
����)�**��������#����/	��#����+#$��,���#
������)�*$����"	�	*�����

����*	������2/��
�� ��	�	�!��*	��1��/�"
	#��$
���	
#��	��#�����!�	�	
�����/	��$���!��������/	��

�/��"	��������� ��!��	��	�)��1	��)
�	�
��*	���	������	���""��������/	��� ��/��;#������:�	$
��

�	��	�)��$��1����"
	#��$
���	
#���$��� �	$���$�������������!��/��/� /���
���
���!��/��

���#)�#����>�1�������/��)�*"	�	�����!����� ��/� /
� /������!�)���)�������*��"��"�����

*��/�����2/���A&%�*���
�#��������*	�����/����	��	����������!���"	�	*���������*	���8�

!	)�� ���*�
	��)����)��*��	��
���

���	��	�	
�����1/��#����/��	���	 ���!�"
	#��$
���	
#���	���/��

��"��������	��	$
����%&%������
�/�# /�4�)��)
#�����/	��#��� ��/���A&%�����%&%�*���
�

)	��"��������/��*	���*���	 ���!��*��/���	�	��	���*	� ��	
����#���1�

�����$��	))#�	�����2/���


�	�����/��)�*$�����"
	#��$
���	
#��*���
��-&%��	���/����
���	
�����#����/	��1�

�)����)�
��

����*	�����	��	�������������	))�*"	���"���������*	����)�*"#��������/��*���
���!�

	)/����*�����	�	���2/���*"���	���*���	 ��/��������/	��*��/����*#���!����/���	�	��4���/���)	���

	��������/���
	� ���)	
����#)	����	
��#������	�	�)�

�)�������/���*�	���	))�**��	��� ��/��

�	*"
�� �!�	*�1��5�	���*��/����!�)	"�#��� �)� ��������	�	�������/	��
�� �)
#��������	�	�	���

"
	#��$
���	
#���$	�������*#
��"
���*"#�	�����"��)�������

�




���
�

7.4.2. Recommendations 

2/�����
���!��/����/�������!�������E#��� �	���	""
��� ,��#������	�	�	�������/��������/��

��)�**���	������	�������)������1	�����/������	5�/�
���� ��#"�� ��1/��/	�����!
#��)�������


�	������	����/����)
	�����*��3"�����)�����	*�
�6����#)	����	
�����	�)/�����"�
�)��*	5�����

	���)
	�����*�"�	)������������0	)/� ��#"�/	��	���
�����"
	�����#��� �	���	""
��� ��#������	�	�

�����!��*�"�
�)��	���"�	)��)���	������#
��*	��
���*"	)���!���#�����,�	)/����*���6��

Educational researchers 

�� ��	
����	��������*��	���!����� ���/	�� ��$���������)��"�����	))�#�����!�

!����� ��

	� "�������)����
	����	
�	�	
������/	��)	��$� ������;#	���!���!!�)���	���

	���)�	������1��/�	)/����*�����)�����

$� ����
�"�)�/������	���*�	��� !#
�	�	
���)	
�!�	*�1��5���/	��)�*$����

$	)5 ��#���)/	�	)�������)���)����3�#	
��	��	$
����	����3"
	�	�����

�	��	$
��� #�����$��"�
�)��	���
����	�#��8�$#�
��� ����!�	*�1��5�1��/���

�/�����

)� 	� #��)	���!�����)
#������!��	�	������#�����,�"�����
�	���� �����*"�����

	�	
���)	
������"���	������!���	)/���	����)/��
���!
#��)������

	)/����*���8�	������"��*����	
#�.	�����	�	
�����	��	""��"��	���

�� �����*��	��������	�� �������	)/���
��	�����	5�/�
�����


� F�����	5����.��"�/�	�	
������!��#������	�	�#��� �	""��"��	���*��/�����/	���	5��

	))�#����!��	*"
�����#)�#�������� ��	���*��/����!��	�	�)�

�)�����

	� *#
��
���
�*���

�� ���)/��;#��!���)
#��������	�	�

$� )�*$�����"
	#��$
���	
#��*��/���#��� �+#$��,���#
������/	��
���*"#����

�	�	�!��*�*	���3��	*"
�� ����� ��

)� ��"�����!!�)����:���	��1�

�	���� ��!�)	�)��
���
�����;#	���!���*"	)���!�

"�	)��)�H��3"�����)��

(� &
	��	����*"
�*����	�������	
�����	�)/����)�*"
�*�����#�����	�	
�����

	� !�)#�����3"���*���	
���#���������/����
���!�4-2����
�	���� �	�����	)/�� �

���	�)���	����*"	)���!�	������	)/����*���8�	�"	���)#
	��!�)#�����

	���)�	�����1��/�	)/����*����	��	���"	�	����#�)�*��!��*�	���!����� ��

����/��	!!�)�������*	���

$� ��)���	���	�	
������!���	)/��.�	����)/��
.�
���
��	��	$
�������3"
	���

�	��	�)������	)/����*�����/	��)	��$��	����$#���������	)/���;#	
�����

�)/��
�)����3��	�����/��8��3"
����� ��/���A�����#)�#���!���	�	
�����




���
�

)� �$����	����	
�	�	
��������!�

�1�#"���������	
�!����� ��������"�)���!�

�)���)��"�	)��)	
��	)����������	�����*����	���!���$	)58����	$
��/�1/	��


����$�/�����/�����.�� ��!�)	���	����� 	�����	���)�	��������"������

�/��# /��#�����	�	
�����

Policy makers 

�� F����#������	�	�	��	�)�����$#��� �)�*"�����������	
#	������!�"�
�)�������	������

	� ������� 	�������)������!�	���)�	�����1��/�	)/����*����

$� �	5���""���#��������D#���!��	����3�*"
�!��"�
�)�.��."�	)��)���/	�������

�����/�1��� ��!�)	���	���)�	�����1��/�	)/����*����	���3"�)�������	��

)
	�*����������	�)/�
����	�#��8����.�� ��!�)	�)������;#	

���*"���	���!���

�����*��	������!�"�	)��)���!�	� #������/	���	�"��������	���)�	�����1��/�

	)/����*�����)�����

�� -�����#�����)�**�������	""��"��	����#������	�	��/	��)	�������)�����������

"������� �������	����	
�$��)/*	�5�� ��	��	����	
�"�)�#����!�"�	)��)���	�����$#���

�	����	
�*�������� ��/��# /��	*"
���#�������/	�����#)����*	���������#������

	� ''A7�!���"��*	���	�����)���	�����	 ����&���&���'
��

$� 24�''�!���"��*	���	�����)���	�����	 ����&���'
��

)� &4'��!�����)���	�����
���'(�N	 ������	����

�� 9����*��	����� ����$
��	���#��	$
���#�"#���!�����#)	����	
�����	�)/����	���

"�	)���������	#����)����!�)#��� ����/�1��/��������*��������#������	�	�)�

�)�����

)	��$��#���������!��*�	�����!����"�
�)��	���)�8��/���1�

���;#����	�	
������/	�� ��

$���������)��"�����	))�#�����!��/���	�	����*	3�*����#���	���	""
�)	������!�

�#������	�	�����*"	)�������#�����,�	)/����*������

Classroom practitioners  

�� 2���� 	 ��1��/�!����� ��!��*��#������	�	8��� 	 �*�����/�#
���	5���/��!��*��!�

)�

	$��	��������)#������	�����!
�)�����	��	�
�)	
�
���
������!
�)�����!��;#��)���!�

�""���#�����	!!�����������#������	������/�1��"�)�!�)�"�	)��)�����"#��#���$����
!�

	���)�

�	 #������

�� +�!
�)�����"�	)��)���/	�����$#�
��#"�������	�)/���!��*���"�	)��)��<�
����	�#���	���

�#������	�	�)�*$����������!��*�	���)�����$#������"��!������	
�
�	���� �	������

�#�����*�
�����
���	<
�����!����� ����������	)/�������')��
	��6�

&��!������	
�
�	���� ����1/	����	)/�������������#����/����
"��!������	
�5��1
�� ��	���"�	)��)�������!��*����#".��.�	���	���
���*#
	��� ��4������*"���	����/	��"��!������	
�
�	���� �"��������




���
�

��)/��""���#�������!�����	)/�����������
�"�	�����/	�)���/����
"��!������	
�5��1
�� ��	���"�	)��)���������������"�� ������/��
;#	
�����!�
�	���� �	�����	)/�� �	����)/��
��*"����*������ �
� ������	
�2�	)/�� �-�#�)�
�!���')��
	�����2-'���
�����

�

0	)/��!��/������)�**���	���������5������	�����/��"��!�
���!��#������	�	�$��$#�
��� �

���!����� ������/���/����������!
#��)���/��1	����!��*.$	����"�	)��)������)#�������	)�����


�	���� ��"�	)��)	
�	)������������)/��
� ���	�����*����	���!���$	)5����	
�
�!��)����3���	���

��#�����,�
�	���� ��������*����	����	5���!��1	��������/	�)��	)/����*������2/���1�

����	�
�

��.!�)#��� �	������������)�����
�*������!�"��	 � ��	�����)�#�	 �� �"�	)���������������!
�)��

���/�1��/��� ��	$�#���*"
�*����� ���)����"�
�)�������	���������

4����)�**����� �)�����#���������*�������
	� ���)	
���#�������#)/�	��24�''��&4'��

	���''A7��4�	)5��1
�� ���/	��$��1������	���� �	���)�*"
���� ��/�����#����/��')�����/�

������*����1��/���1�!��*�24�''�	�����)�������
�����)�����#��"	���)�"	�����1��/��/��

&4'���	���&4+A'����#�������2/	��*	5���24�''
�����/��!��	
�1	����!��/���#�����	��!	��	��

')��
	������)��)��������4,��	� #���/������$��	�*	D���
��������/������	

�"#�"����������#��!���

"	���)�"	��������������	����	
�*�������� ��!�"��!��*	�)��	�����	��	�����$�)	#����/����1�

�$��

���$��)/*	�5�� �!	)�
����!���"��*	�����#)	���������""���#��������)	"��	
�������'20��

	�	
������#)/�	���/����"#��#�������/����/�������-�����#	�����1��/�&4'��"��������	��

������	����	
�"���"�)�����!���')�����/���#)	������$#����
��	��	 ������1/�)/������1	�����/������

�!��/��)�*"#
�����"/	����!���#)	��������')��
	�����2/���)	������/���!����"�������	���

������)���!�"�	)��)��������� /�������*"
�*���	������!�"�
�)��1��/����/��)����"�������!�

��#)	������/	���"	����/��!�����������	����!�!��*	
���#)	�������2/��	� #*����!��*��/��')�����/�

������*�����/	������������	����	
�$��)/*	�5�� ��3��)��������#!!�)�����������	""������ ��

��"�)�	

�����)��&4'������	� �����	���/����
�	��� ��/����#)	����������*���4��1�#
��$��

)�������	$
����)/������/	����/���""���#���������3"
������$#���������	����	

�� 	�/������	�	����


�	�����,��3"�����)���	���	)/����*�����1/�
������

�����/����"��*	���	����	�
����)���	���

��	 ����!��)/��
���

�



(���
�
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Table 3.4-1: Column headings for 1st PV 
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Table 3.4-2: Calculations for combining imputed data (Rubin's Rules) 
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Figure 3.5-1: Student-Teacher structure for Mathematics 
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Figure 3.5-2: Simplified Nested Hierarchical Classification (Gr4 Mathematics) 
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Table 3.6-1: Excel formulae for Effect Size and error bounds 
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Appendix 4. Additional Tables from EDA 
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 Background Data on G4 Students Appendix 4.1.

Table 4.1-1: About how many books are there in your home? 

NUM�BOOKS�AT�HOME� Freq.� Percent
Cumulative�
Percent�

Valid� NONE�OR�VERY�FEW�(0�TO�10�BOOKS) 6,500 12.1 12.1�
� ONE�SHELF�(11�TO�25�BOOKS) 10,500 19.7 31.8�
� ONE�BOOKCASE�(26�TO�100�BOOKS) 17,500 32.8 64.6�
� TWO�BOOKCASES�(101�TO�200�BOOKS) 9,900 18.6 83.2�
� THREE�OR�MORE�BOOKCASES�(OVER�200�

BOOKS)�
9,000 16.8 100.0�

� Total� 53,400 100.0

 

Figure 4.1-1:  Average of achievement– mean score (95% CI) by Study Tools 

  

 
 
 
 
 
 
 

 

 

 

Table 4.1-2: Index for Social activity (ASDSOC) - distribution and associated achievement (s.d.) 

�
Frequency Percent

Cumulative 
Percent 

Mean 
Mathematics 
Achievement  

Mean  
Science 
Achievement 

Valid LOW 10,100 18.8 18.8 481.9 (81.5) 493.1 (77.4) 
MID 25,500 47.5 66.3 502.4 (72.7) 508.2 (69.5) 
HIGH 18,100 33.7 100.0 491.2 (73.6) 493.6 (69.4) 

Total 53,600 100.0 494.8 (75.1) 500.4 (71.4) 
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Table 4.1-3: Index for Personal Development (ASDPDEV) - distribution and associated 
achievement (s.d.) 

�
Frequency Percent 

Cumulative 
Percent 

Mean 
Mathematics 
Achievement  

Mean  
Science 
Achievement 

Valid LOW 28,400 52.9 52.9 496.1 (72.6) 499.9 (66.8) 
MID 23,400 43.5 96.5 498.0 (75.9) 505.6 (74.0) 
HIGH 1,900 3.5 100.0 437.4 (78.0) 445.0 (79.7) 

Total 53,600 100.0  494.8 (75.1) 500.5 (71.4) 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

  

Figure 4.1-2: Mean achievement scores by index of proportion individual 

Figure 4.1-3: Mean achievement scores by index of proportion social 
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 Classroom experiences (G4 mathematics) Appendix 4.2.

5�
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Over fifty per cent of respondents have limited opportunities to ‘explain their answers’ 

in class, reporting either never or only in some lessons.  In terms of association with 

mathematics achievement, there is evidence in Table 4.2-1 to suggest that higher scores are 

associated with increased opportunities to explain their thinking, although when this demand 

goes beyond half the lessons, with an expectation that one explains answers ‘every or almost 

every lesson’, there is a drop in mathematics achievement score. 

Table 4.2-1: Average of mathematics achievement by explain my answer 

MATHEMATICS 
MAT\HOW OFTEN\I EXPLAIN MY 
ANSWERS\REVERSE N Percent Mean S.D. 

NEVER 6,600 12.5 474.3 78.2 

SOME LESSONS 22,200 41.9 501.3 71.6 

ABOUT HALF THE LESSONS 13,100 24.8 507.2 72.2 

EVERY OR ALMOST EVERY LESSON 11,000 20.8 482.2 77.9 

Total 52,900 100.0 495.4 74.9 
 

���
������	

The findings on experiences that involve an element of rote learning, where students 

memorise how to work out problems or are expected to memorise formulae and procedures are 

presented in Table 4.2-2.  A small proportion of students, around 6% of the cohort, report 

‘never’ memorising formulae or procedures; respondents in this group have the lowest 

mathematics achievement scores. There is a broadly even distribution of response across the 

other categories that are all associated with comparable mathematics achievement scores, with 

no one group reflecting a particularly high score as witnessed with the other variables under 

consideration in this section.  

Table 4.2-2: Average of mathematics achievement by I memorise formulae and procedures 

MATHEMATICS 
MAT\HOW OFTEN\I WORK IN 
GROUPS\REVERSE N Percent Mean S.D. 

NEVER 3,300 6.2 464.9 84.2 

SOME LESSONS 15,800 29.9 494.6 71.9 

ABOUT HALF THE LESSONS 16,000 30.2 499.7 72.0 

EVERY OR ALMOST EVERY LESSON 17,900 33.7 498.4 76.1 

Total 53,000 100.0 495.6 74.6 
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Nearly 70 per cent of respondents report doing measuring tasks in some of their lessons; 

fewer than twenty per cent of students report a higher uptake, with the highest frequency of 

‘every or almost every lesson’ accounting for less than ten per cent of the cohort.  The highest 

take up level of this experience is associated with the lowest achievement scores.  The highest 

achievement scores are associated with the dominant category of ‘some lessons’. 

Table 4.2-3: Average of mathematics achievement by I measure things in class 

MATHEMATICS 
MAT\HOW OFTEN\I MEASURE THINGS 
IN CLASS\REVERSE N Percent Mean S.D. 

NEVER 7,500 14.1 483.8 76.9 

SOME LESSONS 35,800 67.6 507.6 71.1 

ABOUT HALF THE LESSONS 5,200 9.9 475.8 69.6 

EVERY OR ALMOST EVERY LESSON 4,400 8.4 439.6 73.3 

Total 53,000 100.0 495.4 74.8 
  

A similar picture is portrayed for the variable that measures producing tables, charts and 

graphs.  The highest achievement scores are associated with ‘some lessons’, the dominant 

response for the experience, but the lowest achievement scores are associated with those who 

‘never’ have such an opportunity. Over a third of respondents report a high frequency of 

experience with data representation tasks (making tables, charts and graphs) in half of their 

lessons or more.  Table 4.2-4 shows the associated achievement scores are reduced for higher 

frequency of experience, but not to the levels as witnessed with measure tasks in Table 4.2-3.  

Table 4.2-4: Average of mathematics achievement by I make tables charts & graphs 

MATHEMATICS 
MAT\HOW OFTEN\MAKE TABLES 
CHARTS GRAPHS\REVERSE N Percent Mean S.D. 

NEVER 4,200 7.9 451.2 82.2 

SOME LESSONS 29,300 55.3 507.9 70.3 

ABOUT HALF THE LESSONS 12,500 23.5 500.1 70.9 

EVERY OR ALMOST EVERY LESSON 7,000 13.3 461.5 74.3 

Total 53,000 100.0 495.4 74.7 
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The next two student-level variables relate to classroom organisation, illustrating 

whether and how group or individual activity is associated with achievement scores. Working 

on problems in class, pursuing individual tasks on one’s own, is reported by over half the 

respondents as occurring every or almost every lesson.  This frequency of experience is 

associated with high mathematics achievement scores as documented in Table 4.2-5.  A broadly 

linear association between frequency of experience and achievement scores is observed across 

‘some’ to ‘every or almost every’ lesson in Figure 4.2-1, with a large drop-off in achievement 

score witnessed within the small group who ‘never’ experience working problems on their own. 

Table 4.2-5: Average of mathematics achievement by I work problems on own 

MATHEMATICS 
MAT\HOW OFTEN\I WORK PROBLEMS 
ON MY OWN\REVERSE N Percent Mean S.D. 

NEVER 1,300 2.4 418.7 74.5 

SOME LESSONS 10,500 19.8 478.0 72.2 

ABOUT HALF THE LESSONS 11,800 22.3 493.1 69.1 

EVERY OR ALMOST EVERY LESSON 29,500 55.6 505.6 74.9 

Total 53,000 100.0 495.3 74.8 
 

Nearly half of the respondents report doing group work on ‘some lessons’, a feature that 

is associated with high mathematics achievement scores.  Just under a quarter reports doing 

group work on ‘every or almost every lesson’, but this frequency of experience is associated 

with lower achievement scores than those observed across the middle categories that extends to 

‘about half the lessons’.  The small proportion of respondents who ‘never’ do group work 

appear to be associated with low achievement scores, all as illustrated in Table 4.2-6 and Figure 

4.2-1. 

Table 4.2-6: Average of mathematics achievement by I work in small groups 

MATHEMATICS 
MAT\HOW OFTEN\I WORK IN 
GROUPS\REVERSE N Percent Mean S.D. 

NEVER 3,500 6.6 482.4 70.5 

SOME LESSONS 25,500 47.9 507.2 69.9 

ABOUT HALF THE LESSONS 11,300 21.2 503.4 74.7 

EVERY OR ALMOST EVERY LESSON 12,900 24.3 467.9 78.1 

Total 53,200 100.0 495.2 74.9 
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The last variable in this analysis of G4 mathematics experiences concerns the 

prevalence of undertaking work related to daily life.  This is based on a teacher-level variable 

where the class teacher indicates how often they ask students to relate what they are learning to 

their daily lives.  Just over one fifth of students have a teacher who provides for this classroom 

experience on a very regular basis (‘every or nearly every lesson’). Nearly half the cohort can 

expect this experience in ‘some lessons’ but there is no obvious association between frequency 

of experience and mathematics achievement scores.  

Table 4.2-7: Average of mathematics achievement by ask to relate to daily lives 

MATHEMATICS 
MAT\HOW OFTEN\I ASK TO RELATE TO 
DAILY LIVES\REVERSE N Percent Mean S.D. 

SOME LESSONS 22,300 46.2 497.8 76.6 

ABOUT HALF THE LESSONS 16,000 33.1 487.6 73.6 

EVERY OR ALMOST EVERY LESSON 10,000 20.7 499.3 72.1 

Total 48,400 100.0 494.7 74.9 
 

 

 

  

Figure 4.2-1: MEAN MATH ACHIEVEMENT (95% CI) BY PROBLEMS ON MY 
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 Classroom experiences (G4 science) Appendix 4.3.

	

5�
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Around one sixth of the cohort report ‘never’ having opportunities to ‘explain 

something studied in science’.  There is evidence in Table 4.3-1 to suggest students in that 

position, who never explain their studies, tend to be associated with low science achievement 

scores.  Where there are opportunities for those types of interactions, even if only occasionally, 

the experience is associated with higher student achievement scores in science; higher that is 

until this demand goes as far ‘as at least once a week’, at which point there is a drop in the 

associated science achievement score, much as witnessed with mathematics achievement scores. 

Table 4.3-1: Average of science achievement by explain something studied 

SCIENCE 
SCI\HOW OFTEN\GIVE EXPLAN 
STUDYING SCI\REVERSE N Percent Mean S.D. 

NEVER 8,900 16.7 482.9 73.6 

A FEW TIMES A YEAR 13,400 25.4 508.4 64.8 

ONCE OR TWICE A MONTH 18,100 34.1 509.1 70.0 

AT LEAST ONCE A WEEK 12,600 23.8 494.3 73.4 

Total 53,000 100.0 501.0 70.9 
 

���
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Relative to findings for mathematics, nearly three times as many students report ‘never’ 

having to memorise science facts, a feature that is associated with low achievement scores.   

High science achievement scores are associated with higher responses on this item with minimal 

diminution even when memorising activity is expected at least once a week.   

 

Table 4.3-2: Average of science achievement by memorise science facts 

SCIENCE 
SCI\HOW OFTEN\MEMORIZE SCIENCE 
FACTS\REVERSE N Percent Mean S.D. 

NEVER 8,900 17.0 474.4 68.3 

A FEW TIMES A YEAR 11,600 22.1 497.2 67.4 

ONCE OR TWICE A MONTH 15,900 30.3 513.1 68.5 

AT LEAST ONCE A WEEK 16,000 30.6 507.9 73.0 

Total 52,400 100.0 501.4 70.9 
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The findings are reported in Table 4.3-3 through  

Table 4.3-5.  One clear message that comes across in all three scenarios is the association 

between students ‘never’ having opportunities to engage with science experiments or 

investigations and low science achievement scores.  The proportion of students reporting the 

‘never’ category is also noteworthy: with nearly one third of respondents never having 

responsibility for ‘planning’ a science experiment or investigation; over a fifth report never 

‘doing’ experiments, and a slightly smaller proportion (17%) claim never to ‘watch’ their 

teacher do a science experiment.   Comparable achievement scores are associated with the 

middle categories of ‘a few times a year’ and ‘once or twice a month’ for each of the three 

experiences. 

	
Table 4.3-3: Average of science achievement by WATCH science experiment or investigation 

SCIENCE 
SCI\HOW OFTEN\WATCH TEACHER DO 
SCI EXP\REVERSE N Percent Mean S.D. 

NEVER 9,000 17.0 482.3 72.8 

A FEW TIMES A YEAR 13,800 26.0 517.0 67.2 

ONCE OR TWICE A MONTH 14,800 27.9 514.0 66.7 

AT LEAST ONCE A WEEK 15,500 29.1 484.3 71.3 

Total 53,200 100.0 500.7 71.1 

Table 4.3-4: Average of science achievement by PLAN science experiment or investigation 

SCIENCE 
SCI\HOW OFTEN\ I PLAN SCI EXP OR 
INVESTIGATION\REVERSE N Percent Mean S.D. 

NEVER 16,700 31.7 490.1 67.9 

A FEW TIMES A YEAR 16,200 30.8 513.3 70.0 

ONCE OR TWICE A MONTH 12,600 23.9 506.2 70.8 

AT LEAST ONCE A WEEK 7,200 13.6 486.4 76.9 

Total 52,600 100.0 500.6 71.4 

Table 4.3-5: Average of science achievement by DO science experiment or investigation 

SCIENCE 
SCI\HOW OFTEN\ I DO SCI EXP OR 
INVESTIGATION\REVERSE N Percent Mean S.D. 

NEVER 11,500 21.8 479.8 72.1 

A FEW TIMES A YEAR 16,900 32.1 513.1 63.8 

ONCE OR TWICE A MONTH 14,400 27.4 510.9 70.5 

AT LEAST ONCE A WEEK 9,900 18.7 489.1 74.9 

Total 52,700 100.0 500.7 71.1 
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Increasing levels of practical work for students, whether watching their teacher, 

planning the experiment themselves, or doing the experiment,  are associated with decreasing 

science achievement scores with a pronounced dip when those experiences occur ‘at least once a 

week’. 

However, cross tabulations indicate otherwise.  Focusing on the ‘never’ category, the 

response that is associated with low achievement scores, the partial breakdown of planning 

science experiments is presented in Table 4.3-6.  ‘Planning’ is selected for this analysis because 

it is the experience that had least exposure, with nearly a third of students never engaging with 

that aspect of practical work in science.  Although there is a high overlap of responses in the 

‘never’ category, over 25 per cent of respondents who never do science experiments report 

some level of input on planning science experiments or investigations.  Similarly, around 40 per 

cent of those who never watch the teacher do experiments indicate opportunities to plan.  

 

Table 4.3-6: Analysis of PLAN science experiment with 'never' DO or WATCH  

  

PLAN SCIENCE EXPERIMENT OR INVESTIGATION 

Total 

 

AT LEAST ONCE 
A WEEK 

ONCE OR 
TWICE A 
MONTH 

A FEW TIMES 
A YEAR NEVER 

DO SCI EXP 
OR INVEST NEVER 500    

(4%) 
500    

(4%) 
2,000 
(18%) 

8,400 
(74%) 11,400 

WATCH 
TEACHER DO 
SCI 
EXPERIMENT 

NEVER 500    
(6%) 

800    
(9%) 

2,200 
(25%) 

5,400 
(61%) 8,900 

 

If watching a teacher do a science experiment is regarded as a minimum entitlement for 

science practical activities, the data presented in Table 4.3-7  shows that this is not met for over 

40 per cent of respondents.  Those students never do science experiments themselves, and do 

not see experiments demonstrated by their teacher.  Over two thirds of those who never plan 

experiments or investigations report watching their teacher do experiments, leaving a third 

neither planning nor watching.   
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Table 4.3-7: Analysis of WATCH teacher do science experiment with 'never' DO or PLAN  

  

WATCH TEACHER DO SCIENCE EXPERIMENT 

Total 

 

AT LEAST ONCE 
A WEEK 

ONCE OR 
TWICE A 
MONTH 

A FEW TIMES 
A YEAR NEVER

DO SCI EXP 
OR INVEST NEVER 2,000 

(18%) 
1,700 
(15%) 

2,900 
(26%) 

4,800 
(42%) 11,300 

PLAN SCI EXP 
OR INVEST NEVER 3,100 

(19%) 
3,600 
(22%) 

4,600 
(28%) 

5,400 
(33%) 16,600 

 

To complete the picture of analysis for this cluster of experiences surrounding practical 

work in science, an analysis of ‘doing science experiments’ is presented in Table 4.3-8.  Some 

fifty five per cent of respondents who never watch their teacher do experiments do not 

themselves do science experiments or investigations.  A similar proportion of those who never 

plan experiments do not personally do science experiments.   

Table 4.3-8: Analysis of DO science experiment with 'never' WATCH or PLAN 

  

DO SCIENCE EXPERIMENT OR INVESTIGATION 

Total 

 
AT LEAST 
ONCE A 
WEEK 

ONCE OR 
TWICE A 
MONTH 

A FEW 
TIMES A 
YEAR NEVER 

WATCH TEACHER 
DO SCI 
EXPERIMENT 

NEVER  600 
 (7%) 

900 
(10%) 

2,500 
(28%) 

4,800 
(55%) 8,800 

PLAN SCI EXP OR 
INVEST NEVER  1,600 

 (10%) 
2,200 
(13%) 

4,200 
(26%) 

8,400 
(51%) 16,400 

 

These high proportions of students who do not actively engage with science 

experiments or investigations (neither watch, plan nor do), even at a low level of a few times a 

year, appear to be disadvantaged by nature of the association between those experiences and 

science achievement scores reported above.   

!
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The next pair of variables concerns organisational aspects of learning and the effect of 

working on science problems either alone or collaboratively.   The distribution of responses and 

associated science achievement scores are presented in Table 4.3-9 and Table 4.3-10.  The 

central positions for each variable of ‘a few times a year’ and up to ‘once or twice a month’ 

appear to be associated with higher science achievement scores, increasing as the frequency of 

experience increases.  Fewer than 10 per cent of respondents never work on their own when 

studying science problems, with the bulk of students regularly experiencing this type of 

classroom activity or organisation.   
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Experience of working in groups is not so prevalent for the G4 students with around 10 

per cent ‘never’ working with others on experiments or investigations and a further quarter of 

the cohort only doing so a few times a year.  Working in groups on experiments is associated 

with high achievement scores; highest when experienced once or twice a month but the 

association stands even if experienced only on a few occasions in the year. 

 

Table 4.3-9: Average of science achievement by I work science problems on own 

SCIENCE 
SCI\HOW OFTEN\ I WORK SCI 
PROBLEMS ON OWN\REVERSE N Percent Mean S.D. 

NEVER 5,200 9.7 469.2 74.0 

A FEW TIMES A YEAR 9,400 17.7 505.1 66.7 

ONCE OR TWICE A MONTH 16,800 31.5 509.8 68.5 

AT LEAST ONCE A WEEK 21,900 41.1 499.4 72.2 

Total 53,300 100.0 500.8 71.2 
      

Table 4.3-10: Average of science achievement by I work in group experiment or investigation 

SCIENCE 
SCI\HOW OFTEN\ I WORK IN GROUP 
EXPERIMENTS OR INVES\REVERSE N Percent Mean S.D. 

NEVER 5,900 11.1 476.4 76.1 

A FEW TIMES A YEAR 13,400 25.2 509.6 66.3 

ONCE OR TWICE A MONTH 17,600 33.1 513.9 68.4 

AT LEAST ONCE A WEEK 16,300 30.7 487.6 71.8 

Total 53,200 100.0 500.6 71.2 
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The last variable in this analysis of experiences, concerns work related to daily life.  

This variable is based on a teacher-level contribution as outlined above for mathematics.    

Table 4.3-11: Average of science achievement by ask to relate to daily life 

SCIENCE 
SCI\HOW OFTEN\ ASK TO RELATE TO 
DAILY LIFE\REVERSE N Percent Mean S.D. 

SOME LESSONS 15,600 34.2 501.5 73.7 

ABOUT HALF THE LESSONS 16,300 35.6 499.7 71.8 

EVERY OR ALMOST EVERY LESSON 13,800 30.2 502.0 69.2 

Total 45,600 100.0 501.0 71.7 
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Just under one third of students have a teacher who relates science lessons to daily life 

on a very regular basis (‘every or nearly every lesson’). In comparison to experiences with their 

mathematics teachers, a higher proportion of students can expect this type of experience in 

‘about half the lessons’ or more frequently, with a fairly even spread of response across the 

three categories reported.  There is no obvious association between frequency of experience and 

science achievement scores, other than noting that the achievement scores for all three reporting 

categories are relatively consistent and close to the grand mean; there is no obvious dip in 

association in the tails of the distribution as witnessed with other variables and that all teachers 

certainly ask students to relate what they are learning in science to their daily lives (N=0 for 

‘never’). 
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Around one third of students report ‘never’ using a calculator in their mathematics 

lessons, a feature that is associated with lower achievement scores than those associated with 

using a calculator in ‘some lessons’.  A small proportion of students use calculators more 

regularly than that, with less than 10 per cent using a calculator in about half their lessons or 

more frequently; higher frequency of calculator use is associated with ever decreasing 

achievement scores.  

Table 4.3-12: Average of mathematics achievement by use of calculator 

MAT\HOW OFTEN\I USE A CALCULATOR IN 
CLASS\REVERSE 

  MATHEMATICS 

N Percent Mean S.D. 

NEVER 18,100 33.9 485.0 75.1 

SOME LESSONS 30,600 57.4 506.9 71.7 

ABOUT HALF THE LESSONS 3,500 6.5 474.5 71.9 

EVERY OR ALMOST EVERY LESSON 1,200 2.3 412.2 71.0 

Total 53,300 100.0 495.2 74.9 

 

A high proportion of students report ‘never’ using a computer in mathematics classes – 

nearly 50 per cent of the cohort – with just over a further third using a computer in some of their 

lessons.  There is no obvious association between frequency of experience and mathematics 

achievement scores, other than noting that the achievement scores dip in line with very frequent 

use of computers, i.e. when this extends to every or almost every mathematics lesson.  
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Table 4.3-13: Average of G4 mathematics achievement by use of computer in class 

MAT\HOW OFTEN\I USE A COMPUTER IN 
CLASS\REVERSE 

  MATHEMATICS 

N Percent Mean S.D. 

NEVER 25,000 46.8 500.3 72.3 

SOME LESSONS 19,800 37.2 500.8 72.6 

ABOUT HALF THE LESSONS 4,900 9.1 492.9 73.5 

EVERY OR ALMOST EVERY LESSON 3,700 6.9 434.7 78.0 

Total 53,400 100.0 495.3 74.8 

 

Extending this analysis to take account of student’s use of computers in support of 

schoolwork, in and out of school, gives the distribution of use and associated achievement 

scores presented in Table 4.3-14.  Over one third of the cohort report using a computer at least 

once a week or more (every day) for schoolwork, a situation that is associated with low 

achievement scores.  The highest achievement scores are associated with fairly infrequent use, a 

slightly different pattern of distribution and association with achievement scores than witnessed 

above where the analysis was restricted to in-school-use, but similar to the extent that high use 

of computers does not appear to offer any advantages in terms of achievement score and those 

who ‘never’ use computers for their mathematics schoolwork, in or out of school, have a higher 

than average achievement score.  

 

Table 4.3-14: How often I use computer for school work in and out of school (mathematics) 

MAT\HW OFTEN USE COMPUTER FOR 
SCHWORK\MATH 

  MATHEMATICS 

N Percent Mean S.D. 

NEVER 15,000 28.7 500.4 75.2 

A FEW TIMES A YEAR 8,500 16.2 517.3 70.2 

ONCE OR TWICE A MONTH 10,300 19.7 506.9 70.2 

AT LEAST ONCE A WEEK 14,600 27.9 484.6 70.5 

EVERY DAY 3,900 7.5 450.7 77.1 

Total 52,300 100.0 496.3 74.3 

 

Data on use of ICT in Science is restricted to use of a computer; no data was collected 

on frequency of calculator use in science lessons.  More than half the cohort never uses a 

computer in science lessons with just over a fifth using a computer in some lessons.  As with the 

mathematics data there is no obvious association between frequency of experience and science 

achievement scores, other than noting that the achievement scores dip with very frequent use of 

computers in science lessons.  The 10 per cent of students who use a computer ‘every or almost 

every lesson’ have low science achievement scores. 
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Table 4.3-15: Average of science achievement by use of computer in class 

SCI\HOW OFTEN\I USE A COMPUTER IN 
SCIENCE LESSONS\REVERSE 

  SCIENCE 

N Percent Mean S.D. 

NEVER 27,600 51.8 500.9 70.2 

SOME LESSONS 11,800 22.2 515.0 69.8 

ABOUT HALF THE LESSONS 8,600 16.1 505.4 67.9 

EVERY OR ALMOST EVERY LESSON 5,300 9.9 462.1 69.6 

Total 53,300 100.0 500.9 71.1 

Student’s use of computers in support of science schoolwork, in and out of school, is 

presented in Table 4.3-16.  The highest achievement scores are associated with fairly infrequent 

use, a very similar pattern to that witnessed in support of mathematics schoolwork, with over a 

third ‘never’ using computers for school work in or out of school.  This is in contrast to the 

earlier data on computer availability at home, where the majority of students (95%) reported 

possessing a computer at home; the data in Table 4.3-14 and Table 4.3-16 tell us that home 

computers are not used extensively to directly support school work whether internet connected 

or not. 

 

Table 4.3-16: How often I use computer for school work in and out of school (science) 

SCI\HW OFTEN USE COMPUTER FOR 
SCHOOL WORK\SCI 

  SCIENCE 

N Percent Mean S.D. 

NEVER  19,100 37.2 498.5 69.0 

A FEW TIMES A YEAR  11,400 22.1 520.3 65.4 

ONCE OR TWICE A MONTH  10,900 21.2 512.9 70.5 

AT LEAST ONCE A WEEK  8,000 15.5 483.3 67.1 

EVERY DAY  2,000 3.9 444.1 73.8 

Total  51,400 100.0 501.9 70.5 
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 School culture and ethos (G4) Appendix 4.4.

Measures of school culture and ethos are derived from the two clusters of variables that 

relate first to students’ perception of peers’ attitudes to study and teachers’ expectation of 

students, and second how welcoming and ‘safe’ they find the school environment.   

The climate of learning is reported through two variables that seek response on the 

extent to which: ‘I think that children at my school try to do their best’; and ‘I think that 

teachers at my school want children to do their best’.  Responses for both items range from 

‘disagree a lot’ through to ‘agree a lot’.   
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Respondents clearly agree with the statement, with fewer than 10 per cent disagreeing 

and over 60 per cent who ‘agree a lot’. Students’ views on their peers putting in their best effort 

do not appear to be strongly associated with their mathematics or science achievement scores.   

Table 4.4-1: Average of mathematics and science achievement by students try to do their best 

GEN\AGREE\STUDENTS TRY THEIR 
BEST 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

DISAGREE A LOT 900 1.7 451.2 89.2 475.2 86.1 

DISAGREE A LITTLE 3,400 6.4 514.7 80.6 517.0 75.5 

AGREE A LITTLE 16,200 30.4 513.0 70.5 518.1 65.7 

AGREE A LOT 32,900 61.5 485.7 73.6 491.3 70.7 

Total 53,400 100.0 495.3 74.8 500.8 71.1 
  

#�������	����	��������	�
	�
	�����	����	

The students’ perceptions of their teacher’s expectations are strongly supportive of the 

view that teachers want the best for children in their care, with over 90 per cent agreeing ‘a lot’.  

In Table 4.4-2  there appears to be an association between achievement scores and perceived 

strength of feeling on a positive and supportive culture, where teachers show that they want the 

best for their learners; low achievements scores are associated with disagreement, although only 

a very small proportion of respondents do not feel their teacher wants their children to do their 

best. 
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Table 4.4-2: Average of mathematics and science achievement by teachers want students to do their 
best

GEN\AGREE\TEACHERS WANT 
STUDENTS TO DO THEIR BEST 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

DISAGREE A LOT 500 1.0 436.1 94.6 438.5 99.4 

DISAGREE A LITTLE 600 1.1 461.4 89.9 472.0 78.4 

AGREE A LITTLE 2,800 5.3 500.7 78.6 509.4 74.5 

AGREE A LOT 49,400 92.7 496.1 73.7 501.4 70.1 

Total 53,300 100.0 495.4 74.8 500.9 71.1 

 

The climate of learning is taken to be the combination of these two variables, but given 

the skewed nature of the separate distributions a dichotomous derived variable is generated to 

reflect agreement with both variables (‘a little’ or ‘a lot’) or disagreement in one.  The 

distribution and association with achievement scores is presented in Table 4.4-3, where data 

show a stronger association with mathematics achievement scores than that reported for science 

achievement.    

Table 4.4-3: Average of mathematics and science achievement by climate (student perception) 

STUDENT CLIMATE \TRY THEIR 
BEST & TEACHERS WANT BEST 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

DISAGREE ON ONE 5,000 9.3 492.8 88.7 500.1 83.0 

AGREE ON BOTH 48,300 90.7 495.7 73.1 501.1 69.7 

Total 53,300 100.0 495.4 74.7 501.0 71.1 

 

 The second measure of school ethos reflects how ‘safe’ students feel at school, taking 

into account their responses to five features of school life.  An IEA derived variable produced 

an index of High, Medium and Low perception of being safe, based on the students’ responses 

to the following set of questions:  

In school, did any of these things happen during the last month? 

1. Something of mine was stolen (AS4GSTOL); 
2. I was hit or hurt by other student(s) (e.g., shoving, hitting, kicking) (AS4GHURT);  
3. I was made to do things that I didn't want to do by other students (AS4GMADE);  
4. I was made fun of or called names (AS4GMFUN);  
5. I was left out of activities by other students (AS4GLEFT). 

A high perception of safety was assigned on the basis of responding ‘no’ to all five 

statements; a low perception of safety assigned if there were three or more responses of ‘yes’; 

with all other combinations falling into the medium category for perception of safety.  [The 
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index was coded as missing if there were 2 or more source questions with invalid data.]  Table 

4.4-4 shows an association between feeling safe in school and achievement, with lower 

achievement scores when students report a low perception of safety.   

Table 4.4-4: Average of mathematics and science achievement by student perception of safety index 

IDX STD PRCPTN BEING 
SAFE IN SCHOOL (SPBSS) 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

HIGH 21,400 40.1 501.0 70.8 505.4 67.3 

MEDIUM 20,800 38.9 499.8 74.2 506.2 69.1 

LOW 11,200 21.0 475.8 80.2 481.9 78.3 

Total 53,400 100.0 495.2 74.8 500.8 71.1 

 

Two fifths of the cohort reports no concerns on safety, answering ‘no’ to all five 

statements.  A closer analysis of achievement scores by the number of concerns (from zero to all 

five issues as presented in Table 4.4-5; ASDSAFE4 variable based on at least 4 responses from 

the 5) does not add a great deal to the derived variable above.  Only a small proportion of 

students report four or more concerns (~10%) and the cut-point of three or more can be seen to 

signify a step change in average achievement scores in mathematics and science.  For those 

reasons and to retain a parsimonious model, the index version of safety (ASDGPBSS) will be 

used in subsequent analyses.  

Table 4.4-5: Average of mathematics and science achievement by students' perception of being safe 

STUD PERCEPTION OF BEING SAFE 
(STOLEN, HURT, FORCED, FUN, 
IGNORED) 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

0 CONCERNS 21,400 40.1 501.0 70.8 505.4 67.3 

1 OF 5 CONCERNS 11,900 22.3 503.4 72.4 509.8 67.2 

2 OF 5 CONCERNS 8,900 16.6 494.8 76.2 501.3 71.4 

3 OF 5 CONCERNS 6,100 11.4 481.4 77.8 488.8 74.4 

4 OF 5 CONCERNS 3,400 6.4 471.0 75.8 477.0 75.9 

ALL 5 CONCERNS 1,800 3.3 465.8 94.2 467.4 92.5 

Total 53,400 100.0 495.2 74.8 500.8 71.1 
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 Background data on G8 students Appendix 4.5.

Appendix 4.5.1. Biographical data 

An even gender balance is reported in G8 with girls making up 50.9% of the weighted 

sample, but the associated mathematics and science achievement scores highlight a gender 

imbalance with boys scoring significantly higher than girls in the same stage.  The spread of 

achievement scores is smaller for girls than boys in both subject disciplines, with girls having 

more clustered responses as shown in Table 4.5-1. This finding concurs with that research 

evidenced discussed in Chapter 5.1.1 (Powney, 1996 and SSLN, 2012).  

Table 4.5-1: AVERAGE achievement by GENDER (BSDGSEX) 

GENDER  

 Mathematics Science 

N Mean Std. Deviation Mean Std. Deviation 
BOY 28,900 489.4 78.1 499.1 79.5 
GIRL 30,000 486.9 75.4 493.7 75.0 

Total 58,800 488.1 76.8 496.3 77.3 
Figures have been rounded so columns may not equal total 

 
A range of ‘home’ factors are now presented, taking account of each variable’s 

distribution and association with achievement.  A first cluster of variables takes account of 

parental background and language spoken at home, and a second cluster serves as a proxy for 

social and economic status of the household.  For the first aspect, a new variable is computed to 

combine data on students’ place of birth and where they spent their early formative years.  This 

variable is an extension of that presented within G4 analyses with an additional category to cater 

for those students who came to UK when older than 10 years.  The three categories provide data 

on whether or not a student was born in UK, and if not, whether they came to UK before school 

age (�5 years), during their primary education phase (aged 5 to 10 years), or when older than 10 

years.  The standard naming convention for G8 variables (as deployed by IEA) is to have the 

prefix ‘B’ – in this particular case the derived variable is BSDBFORM, a G8 student-variable 

derived from other registered variables, with the same naming convention as described earlier.    
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Table 4.5-2: Formative years in UK (BSDBFORM) 

BORN OR LIVED IN UK FOR 
FORMATIVE YEARS (�5YRS) Frequency Percent 

Cumulative 
Percent 

Valid EARLY FORMATIVE 
YEARS SPENT IN UK 

55,900 96.8 96.8 

ARRIVED IN UK AGED 
5 TO 10 YEARS 

700 1.2 98.0 

ARRIVED IN UK OLDER 
THAN 10 YEARS 

1200 2.0 100.0 

Total 57,800 100.0  

 

Around 3% of respondents arrived in UK older than five years; the mean mathematics 

and science achievement scores are significantly lower for those students.  The data in Table 

4.5-3 show the feature of ‘not having spent early formative years in the native country’ has a 

strong association with mathematics achievement score; science achievement is similarly 

associated with this student variable, albeit with a higher overall achievement in science.  A 

clear pattern of lower achievement scores appears to be associated with students who arrived in 

the UK in their later years, with those arriving after age 10 being associated with the lowest 

achievement scores in mathematics and science.   

Table 4.5-3: AVERAGE of achievement by Early Formative Years (BSDBFORM) 

  Mathematics Science 

BORN OR LIVED IN UK FOR 
FORMATIVE YEARS (<5YRS) N Mean 

Std. 
Deviation Mean 

Std. 
Deviation 

FORMATIVE YEARS SPENT IN UK 55,900 490.5 75.5 498.7 75.9 

ARRIVED IN UK AGED 5 TO 10 
YEARS 

700 452.3 90.3 459.6 93.9 

ARRIVED IN UK OLDER THAN 10 
YEARS 

1,200 436.1 94.3 439.2 92.5 

Total 57,800 488.9 76.6 497.1 77.1 

Figures have been rounded so columns may not equal total 

 
The home-based variable concerning spoken language used at home (BS4OLANG) is 

reported with associated mean achievement scores in G8 mathematics and science.  Fewer than 

10% of students do not ‘always’ speaking English at home, and the mean achievement scores 

for students in those categories is considerably lower than that reported by others.  Unlike the 

data from the G4 students, there is no enhancement within the ‘almost always’ category; Table 

4.5-4 shows a pattern of declining achievement associated with reducing levels of English 

spoken at home. 
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Table 4.5-4: AVERAGE of achievement by Own Language at Home (BS4OLANG) 

   Mathematics Science 

OWN LANGUAGE AT HOME N Percent Mean s.d. Mean s.d. 

ALWAYS 53,000 90.3 490.1 75.9 498.8 76.1 

ALMOST ALWAYS 3,300 5.6 485.6 80.3 493.8 78.1 

SOMETIMES 1,700 2.9 463.0 81.4 464.4 87.6 

NEVER 700 1.3 416.8 61.4 411.4 60.0 

Total 58,700 100.0 488.2 76.7 496.4 77.2 

 
The next home-based variables, or environmental measures to be considered are the 

‘number of books in the home’, a proxy for parental interest and potential to engage student 

through modelling study techniques and personal reading at home, and resources available to 

students in support of their studies.  Following a principal component analysis the latter was 

broken down into ‘study tools’ (calculator, dictionary, and encyclopaedia) and ICT resources 

(computer and internet) that were available to students in their home (Components 1and 2 in 

Table 4.5-5).  As with the G4 data, the PCA analysis resulted in components being loaded on a 

single variable for possession of ‘mobile phone’, and ‘own bedroom’ as demonstrated in Table 

4.5-5: Rotated Component Matrixa (G8 Resources).  Possessing a ‘study desk’ was dropped 

from the analysis because it was loaded on more than one component, following the same line 

of argument as set out in Chapter 5.1.3. 

 
Table 4.5-5: Rotated Component Matrixa (G8 Resources) 

 Component 

1 2 3 4 

GEN\HOME POSSESS\CALCULATOR 0.746   

GEN\HOME POSSESS\COMPUTER 0.864   

GEN\HOME POSSESS\DICTIONARY 0.808   

GEN\HOME POSSESS\INTERNET CONNECTION 0.840   

GEN\HOME POSSESS\OWN BEDROOM  0.975 

GEN\HOME POSSESS\MOBILE PHONE 0.970  

GEN\HOME POSSESS\ENCYCLOPAEDIA 0.680   
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
Factor loadings of less than 0.4 are not shown 
a. Rotation converged in 4 iterations. 
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Students were asked to estimate the number of books in their home with the reporting 

framework coded into five categories as before: 0 to 10 books; 11 to 25 books, 26 to 100 books; 

101 to 200 books, and more than 200 books.  Just under one half of G8 students report having 

25 or fewer books at home, a feature that is almost double that reported at G4.  These categories 

are associated with low mean achievement scores as illustrated in Table 4.5-6.  An increasing 

benefit from having more books at home appears to be highlighted in the association with 

science achievement scores, where the mean scores are higher than those reported in 

mathematics and the spread of scores is lower with smaller standard deviations reported within 

the corresponding categories. On this occasion, with the older students, there is not the same 

degree of levelling off or plateauing of achievement scores witnessed at G4 when students 

reported over 100 books at home (two or more bookcases); increased number of books is 

associated with higher achievement scores in both disciplines. 

Table 4.5-6: Average of achievement scores by number of books (BS4BOOKS) 

   Mathematics Science 
NUM BOOKS AT HOME N Percent Mean s.d. Mean s.d. 

0 TO 10 BOOKS 12,900 22.1 439.3 66.4 436.1 66.3 

11 TO 25 BOOKS 14,000 24.0 468.7 64.1 477.5 60.0 

26 TO 100 BOOKS 14,900 25.5 498.8 68.9 507.6 64.3 

101 TO 200 BOOKS 8,200 13.9 526.9 67.8 538.4 64.3 

OVER 200 BOOKS 8,500 14.6 539.8 75.6 560.6 70.7 

Total 58,600 100.0 488.3 76.7 496.6 77.2 

 
Around ten per cent of students had none or one of the study tools, whereas nearly two 

thirds had all three of calculator, dictionary and encyclopaedia at their disposal for home study.   

Table 4.5-7: Average of achievement by Study Tools (calculator, dictionary, and encyclopaedia) 

POSSESS\STUDY TOOLS 
CALC, DICT, ENCYCL 
(BSDTOOLS) 

  Mathematics Science 

N Percent Mean s.d. Mean  s.d. 

NO STUDY TOOLS 2,000 3.4 429.9 66.7 423.4 63.9 

ONE OF CALC, DICT, 
ENCYCLOPAEDIA 

4,000 6.9 448.0 65.7 444.0 69.1 

TWO OF CALC, DICT, 
ENCYCLOPAEDIA 

14,000 23.9 472.6 70.7 477.3 69.0 

ALL THREE OF CALC, 
DICT, ENCYCLOPAEDIA 

38,300 65.8 501.9 76.1 513.5 74.9 

Total 58,300 100.0 488.7 76.6 497.0 77.1 
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There is a fairly linear association between the number of study tools and mean 

achievement scores, with higher mean scores associated with having all three study tools at 

home (Table 4.5-7). 

A significant majority of the G8 students (97.5%) report having a home computer.  

Within that group only 6% do not have an internet connection.  This measure is taken as an 

indicator of home support along the lines of ‘number of books’. The empirical data in Table 

4.5-8 shows possession of a computer ���� internet connection is positively associated with 

mean mathematics and science achievement.  As with the other home resources, the effect of 

increased support in the form of ICT has a stronger association with science achievement 

scores.  

Table 4.5-8: Average of achievement by ICT (COMPUTER/INTERNET) 

POSSESS\ICT 
(COMPUTER+/-INT) 

  Mathematics Science 

N Percent Mean s.d. Mean s.d. 

NO HOME COMPUTER  1,400 2.5 436.1 66.8 439.0 67.6

COMPUTER WITHOUT 
INTERNET 

 3,600 6.1 448.8 75.6 458.4 79.7

HOME COMPUTER AND 
INTERNET 

53,600 91.5 492.6 75.5 500.9 75.7

Total 58,600 100.0 488.6 76.5 496.8 77.0

 

The remaining components within the home resource cluster, reflect on possession of 

‘own bedroom’ and possession of a ‘mobile phone’.   

A substantial majority of the students report having their own bedroom (85%), a feature 

that has the potential to be associated with having a study space at home.   This variable on 

‘possessing own bedroom’ could also serve as an indicator of SES.  The empirical data in Table 

4.5-9 shows an association between having one’s own bedroom and both mathematics and 

science achievement scores.  A stronger association appears to be present within the science 

achievement data. 

Table 4.5-9: Average of achievement by Own Bedroom (BS4GTH06) 

POSSESS 
OWN BEDROOM 

  Mathematics Science 

N Percent Mean  s.d. Mean s.d. 

YES 49,700 84.6 490.9 76.9 500.6 76.8 

NO 9,000 15.4 473.9 73.9 474.4 75.4 

Total 58,700 100.0 488.3 76.7 496.5 77.2 
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Possession of a mobile phone within the G4 student cohort was high, with over 85% 

reporting ownership.  This rises to 97% of G8 students, a feature that appears to be associated 

with a small but significant 

������	effect on student achievement (F=9.7; p=0.002); Table 

4.5-10 illustrates that association, reversing the direction of effect reported within G4 data.   

Table 4.5-10: Average of mathematics achievement by Mobile Phone (BS4GTH07) 

POSSESS 
MOBILE PHONE 

  Mathematics Science 

N Percent Mean s.d. Mean s.d. 

YES 57,000 97.0 488.4 76.4 496.7 76.7 

NO 1,800 3.0 482.6 85.1 489.4 91.0 

Total 53,600 100.0 488.2 76.7 496.5 77.2 

 

Appendix 4.5.2. Out-of-school interests and experiences (G8)  

A similar analysis of the out-of-school interests and experiences for students in G8 

produced a different pattern of relationship.  Each student reported how much time was spent on 

each of the nine activities – the eight discussed in Chapter 5.1.4  (watching TV or videos; 

playing computer games; playing or talking with friends; doing jobs at home; playing sports; 

reading books for enjoyment; using the internet; and doing homework) plus an additional 

variable on level of work undertaken in a paid job.  Responses to the nine items were subjected 

to a principal component analysis using ones as prior communality estimates. The principal axis 

method was used to extract the components, and this was followed by a varimax (orthogonal) 

rotation as discussed earlier. 

In interpreting the rotated factor pattern, an item was taken to load on a given 

component if the factor loading was 0.4 or greater for that component, and was less than 0.4 for 

the other components.  The resultant components are slightly different to those reported for G4 

students, but still reflect on out-of-school activities as primarily:  of an ‘individual’ nature 

(IND); as a reflection on ‘personal development’ (PDEV); and as a measure of ‘social’ 

engagement with other students (SOC); plus two standalone components that loaded on a single 

variable, i.e. Play Sport (PLSP) and Paid Work (WKPJ) 

The ‘social’ dimension with this age group identified two variables as contributors for 

the component: play and talk with friends; and using the internet.  This represents a shift in 

loading from that reported for G4 students, where ‘using the internet’ was aligned with solitary 
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activities and grouped within the ‘individual’ component.  For the older students the data shows 

a higher loading on the ‘social’ component, with likely links to social media on the internet 

(such as Facebook); I note in Table 4.5-11 that there remains a small loading on the ‘individual’ 

component (0.28) but that this loading is not included in subsequent analyses; dropped from 

consideration on ground of loading being less than 0.4.  

Table 4.5-11: Rotated Component Matrixa (G8 Outside School) 

Things you do outside school 
Component 

1 (IND) 2 (PDEV) 3 (SOC) 

GEN\SPEND TIME\WATCH TV OR VIDEOS 0.80   

GEN\SPEND TIME\PLAY COMPUTER GAMES 0.85   

GEN\SPEND TIME\PLAY TALK WITH FRIENDS   0.86 

GEN\SPEND TIME\DO JOBS AT HOME  0.66  

GEN\SPEND TIME\READ BOOK FOR ENJOYMENT  0.73  

GEN\SPEND TIME\USE INTERNET (0.28)  0.71 

GEN\SPEND TIME\DO HOMEWORK  0.76  

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
Factor loadings of less than 0.4 are not shown 
a. Rotation converged in 4 iterations. 
 
These three components that reflect ‘individual’, ‘personal development’ and ‘social’ 

aspects of out-of-school activities are re-scaled in line with arguments presented earlier (Snell, 

1964).  The re-scaling factors for the score values contributing to each of components are as 

shown in Table 4.5-12. 

Table 4.5-12: Re-scale factors for INDIVIDUAL (IND), PERSONAL DEVELOPMENT (PDEV) 
and SOCIAL (SOC) components 

	 j 1 2 3 4 5 
IND Normalised -1.53 -0.47 0.04 0.46 1.50 

PDEV Normalised -1.41 -0.56 -0.01 0.37 1.61 

SOC Normalised -1.69 -0.34 0.17 0.54 1.31 

 

The resultant associations with mathematics and science achievement scores are shown 

in Figure 4.5-1.  These charts support a curvilinear association with achievement scores for both 

distributions, highlighting similar patterns across disciplines albeit on different scales with the 

science scores generally higher than the equivalent mathematics achievement scores plotted 

against the scaled responses on out-of-school activities.  When these variables are entered into 

the multilevel models the best fitting polynomial will be selected to maximise potential 

association with the dependent variable. 
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Figure 4.5-1: Distribution of ‘out-of-school’ components against achievement scores 

  

  

  

The two stand-alone components for ‘playing sport’ and having a ‘paid job’ were 

reported on the basis of time spent each school day, ranging from no time through to 4 or more 

hours.  Just under a third of respondents indicate less than an hour or no time playing sport, with 

almost a fifth engaged in sporting activities for 4 or more hours each day.  Table 4.5-13 shows 

an association with high mean achievement scores in both mathematics and science where 

students report playing sport for an hour, to less than four hours a day; anything longer than that 



351 
 

is associated with considerably lower achievement scores. There is a distinct difference in 

uptake across genders (percentage of male /female participation rates are included in Table 

4.5-13) but there are comparable numbers of boys and girls in the response categories that 

appear to offer the greatest association with enhanced achievement scores i.e. 1 to 2 hours and 

the neighbouring category of more than 2 but less than 4 hours.  The empirical data supports the 

argument for an active schools agenda, encouraging participation in a broad definition of sport 

such as that offered by Council of Europe (2001): 

“Sport means all forms of physical activity which, through casual and organised 
participation, aim at expressing or improving physical fitness and mental well-being, 
forming social relationships or obtaining results in competition at all levels.” 
 

Coulter (2005) notes there is no definitive evidence of a positive, causal relationship 

between physical activity/sport and academic achievement and although there are some studies 

where correlations have been found (Thomas et al , 1994; Etnier et al, 1997), the explanation for 

the nature and direction of association remains speculative.  Coulter concludes that although the 

evidence is inconclusive on improved academic performance, there are indications that it does 

not have a negative effect and sporting activity does offer physical and emotional benefits.  The 

empirical data here is less supportive of that final claim if high levels of participation are 

witnessed, where a negative association is documented when playing sport for 4 or more hours 

per day. 

Table 4.5-13: Average of achievement by ‘playing sport’  

GEN\SPEND TIME\I 
PLAY SPORTS 

    Mathematics Science 

N Percent M(%) F(%) Mean s.d. Mean s.d.

NO TIME  7,900 13.7 7.7 19.5 472.0 80.5 483.6 83.0

LESS THAN I HOUR  10,900 19.0 13.0 24.8 487.5 75.5 494.7 77.3

1 TO 2 HOURS 16,600 28.8 25.9 31.6 503.2 75.5 510.3 75.9

MORE THAN 2 BUT 
LESS THAN 4 HOURS 

10,700 18.6 23.1 14.3 501.4 73.1 511.4 73.1

4 OR MORE HOURS 11,400 19.8 30.3 9.8 470.1 72.2 477.7 70.5

Total 57,400 100.0 100.0 100.0 489.0 76.4 497.4 76.9

 

Over three-quarters of the students do not work in a paid capacity.  Of those that do, 

there appears to be a negative association with achievement scores in both mathematics and 

science as the level of engagement in paid work increases.  Table 4.5-14: Average of 

achievement by ‘paid job’, shows the small percentage of respondents within each category 

beyond ‘no time’, and the associated average achievement scores.  From the empirical data on 
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working in a paid job, this type of activity appears to impart a greater effect on mathematics 

achievement scores over science scores.   

Table 4.5-14: Average of achievement by ‘paid job’  

GEN\SPEND TIME\WORK 
PAID JOB 

  Mathematics Science 

N Percent Mean s.d. Mean s.d. 

NO TIME  43,600  76.3 495.0 74.5 503.0 75.2 

LESS THAN I HOUR  4,000  7.1 486.0 77.9 490.6 78.9 

1 TO 2 HOURS 4,200 7.3 480.8 74.8 483.6 76.7 

MORE THAN 2 BUT LESS 
THAN 4 HOURS 

2,300 4.1 474.0 77.2 482.8 78.6 

4 OR MORE HOURS 3,000 5.2 439.6 76.1 462.6 78.1 

Total 57,100 100.0 489.6 76.1 497.8 76.7 
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 Classroom experiences (G8 mathematics) Appendix 4.6.

Respondents were asked to indicate the frequency of exposure to the experience or style 

of learning, using a 4-point scale that runs from ‘every or almost every lesson’ through ‘about 

half the lessons’ and ‘some lessons’, down to ‘never’.  Responses on the scale were ‘reversed’ 

to present higher scores in line with the claimed benefit in learning and understanding.  An 

analysis of frequency of exposure is presented alongside the mean mathematics achievement 

score for each variable; analyses of experiences in science are presented separately because the 

range of experiences is not replicated across disciplines.  

Taking each experience in turn, the findings are: 

5�
�������	�������	

Over fifty per cent of G8 respondents explain their answers in class ‘every or almost 

every lesson’.  This represents a big change from their G4 counterparts where only a fifth 

reported that level of opportunity.  The evidence in Table 4.6-1 points to increased achievement 

scores as the level of explaining increases, where explaining for half the lessons or more is 

associated with higher achievement scores in mathematics.  Fewer than five per cent of 

respondents claim to ‘never’ explain their answers, a feature that is associated with the lowest 

mean achievement scores.   

Table 4.6-1: Average of mathematics achievement by explain my answer 

MATHEMATICS 
MAT\HOW OFTEN\I EXPLAIN MY 
ANSWERS\REVERSE N Percent Mean S.D. 

NEVER 2,700 4.7 472.7 74.5 

SOME LESSONS 11,800 20.4 486.7 74.6 

ABOUT HALF THE LESSONS 12,300 21.3 493.3 75.9 

EVERY OR ALMOST EVERY LESSON 31,100 53.7 490.8 77.0 

Total 57,900 100.0 489.0 76.3 
 

���
������	

The findings on students’ level of memorising formulae and procedures are presented in 

Table 4.6-2.  Around double the proportion of G4 students report ‘never’ memorising in their 

G8 class, a situation that is associated with the lowest achievement scores.  There is evidence to 

support an association between memorising and mathematics achievement, with scores 

increasing in tandem with level of opportunity or expectation to memorise formulae and 

processes.   As opportunities to memorise in class increase to ‘every or almost every lesson’ the 

effect and association with achievement scores is reduced.  
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Table 4.6-2: Average of mathematics achievement by memorise formulae and procedures 

MATHEMATICS 
MAT\HOW OFTEN\I MEMORISE 
FORMULAE ETC. \REVERSE N Percent Mean S.D. 

NEVER 8,000 13.7 450.0 68.5 

SOME LESSONS 24,400 42.1 493.1 73.3 

ABOUT HALF THE LESSONS 14,500 25.0 501.8 74.3 

EVERY OR ALMOST EVERY LESSON 11,000 19.1 493.1 81.2 

Total 57,900 100.0 489.4 76.2 
 

7
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The association between levels of ownership of procedures for solving complex 

problems with achievement scores shows a marked reduction in achievement as the frequency 

of opportunity increases.  This empirical finding is at odds with claims on the benefits of 

autonomy and ownership of strategies used within problem solving, where students who 

frequently decide on their own procedures for solving complex problems are associated with 

lower achievement scores.  The highest achievement scores are associated with the  largest 

response category  of ‘some lessons’, reflecting the benefits of having some opportunity to take 

ownership of the process but the highest take up of this experience is associated with the lowest 

achievement scores; unusually lower than the ‘never’ category. 

Table 4.6-3: Average of mathematics achievement by solving complex problems 

MATHEMATICS 
MAT\HOW OFTEN\SOLVING COMPLEX 
PROBLEMS N Percent Mean S.D. 

NEVER 8,900 15.4 483.5 73.5 

SOME LESSONS 25,900 45.0 495.6 71.7 

ABOUT HALF THE LESSONS 14,500 25.2 489.1 81.2 

EVERY OR ALMOST EVERY LESSON 8,300 14.4 473.8 83.3 

Total 57,600 100.0 489.0 76.6 
  

;����
������	1��� 

Nearly two thirds of respondents report interpreting data in some of their lessons, a 

level of engagement that is associated with the highest achievement scores.  Any increase in 

time devoted to interpreting data in graphs, charts and tables is associated with lower 

achievement scores.  Clearly an imbalance in curricular opportunities will be restrictive on 

overall achievement in mathematics. The highest take up level of this experience is associated 

with the lowest achievement scores, again noted as lower than the ‘never’ category. 
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Table 4.6-4: Average of mathematics achievement by interpreting data 

MATHEMATICS 
MAT\HOW OFTEN\I MEASURE THINGS 
IN CLASS\REVERSE N Percent Mean S.D. 

NEVER 2,400 4.2 449.8 64.9 

SOME LESSONS 37,700 64.8 501.3 72.3 

ABOUT HALF THE LESSONS 12,200 21.0 479.8 78.9 

EVERY OR ALMOST EVERY LESSON 5,800 10.0 443.7 76.3 

Total 58,100 100.0 488.8 76.4 
 

!
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The two student-level variables related to classroom organisation illustrate whether and 

how group or individual activity is associated with achievement scores. Working on problems 

on own, pursuing individual tasks in class, is reported as occurring ‘every or almost every 

lesson’ by over one third of respondents.  Much as reported by students in G4, this frequency of 

experience is associated with high mathematics achievement scores as documented in Table 

4.6-5.  A broadly linear association between frequency of experience and achievement scores is 

observed across the four response categories. 

Table 4.6-5: Average of mathematics achievement by work problems on own 

MATHEMATICS 
MAT\HOW OFTEN\I WORK PROBLEMS 
ON MY OWN\REVERSE N Percent Mean S.D. 

NEVER 2,600 4.4 450.2 67.1 

SOME LESSONS 15,200 26.2 471.0 72.9 

ABOUT HALF THE LESSONS 20,200 35.0 490.7 72.7 

EVERY OR ALMOST EVERY LESSON 19,900 34.4 506.2 78.5 

Total 57,900 100.0 489.1 76.3 
 

Over a third of the students claim ‘never’ to work together in small groups, with just 

over two-fifths of the respondents doing group work on ‘some lessons’.  The latter category is 

associated with high mathematics achievement scores as shown in Table 4.6-6.  It is worth 

noting that higher levels of participation in group work are associated with lower achievement 

scores, lower even than the scores associated with ‘never’ category.  Fewer than ten per cent 

report doing group work on ‘every or almost every lesson’, but this frequency of experience is 

associated with the lowest achievement scores across all response categories.   
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Table 4.6-6: Average of mathematics achievement by work in small groups 

MATHEMATICS 
MAT\HOW OFTEN\I WORK IN 
GROUPS\REVERSE N Percent Mean S.D. 

NEVER 20,700 35.7 490.0 71.5 

SOME LESSONS 24,400 42.2 497.4 76.6 

ABOUT HALF THE LESSONS 8,200 14.1 487.9 78.9 

EVERY OR ALMOST EVERY LESSON 4,700 8.1 442.8 76.9 

Total 53,200 100.0 495.2 74.9 
 

1����	����	

Just under one fifth of students never experience relating what they learn in 

mathematics to their daily life, but this does not seem to adversely affect their learning in that 

the ‘never’ category is associated with a higher than average achievement score. Those who 

experience links to daily life in ‘some lessons’ are associated with similar mathematics 

achievement scores, whilst any higher levels of engagement are associated with lower 

achievement scores as presented in Table 4.6-7. Although the absolute difference in 

achievement scores is not as extreme as witnessed with some of the other variables, the 

differences between groups are still statistically significant (63, 57912 = 418.1, 
 < 0.001). 

 

Table 4.6-7: Average of mathematics achievement by learning related to daily life 

MATHEMATICS 
MAT\HOW OFTEN\I ASK TO RELATE TO 
DAILY LIVES\REVERSE N Percent Mean S.D. 

NEVER 10,000 17.3 498.6 70.5 

SOME LESSONS 21,900 37.8 496.2 75.6 

ABOUT HALF THE LESSONS 14,400 24.9 488.5 76.1 

EVERY OR ALMOST EVERY LESSON 11,600 20.0 468.0 79.5 

Total 57,900 100.0 489.1 76.5 
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All three response categories that report experiencing review of homework are 

associated with higher than average achievement scores in mathematics.  Over one third of the 

respondents report this experience as a regular feature of their classroom activity, happening on 

every or almost every lesson.  Less than fifteen per cent of the G8 students ‘never’ review their 

homework in class; this shortfall on formative assessment is associated with low achievement 

scores. 
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Table 4.6-8: Average of mathematics achievement by review homework 

MATHEMATICS 
MAT\HOW OFTEN\WE REVIEW OUR 
HOMEWORK_REVERSE N Percent Mean S.D. 

NEVER 7,900 13.7 462.5 78.1 

SOME LESSONS 16,300 28.2 492.8 71.6 

ABOUT HALF THE LESSONS 13,500 23.4 498.5 73.8 

EVERY OR ALMOST EVERY LESSON 20,000 34.7 490.8 78.7 

Total 57,700 100.0 489.2 76.3 
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Another source of formative assessment comes through the use of a quiz or test in class 

and, much as above, the category of students who ‘never’ experience this type of activity is 

associated with low mathematics achievement scores.  Just over three-quarters of the students 

report a quiz or test as a feature of their learning experience in ‘some lessons’, and this appears 

to be associated with the highest achievement scores.   When the use of a quiz or test increases 

to be a very regular feature of class work, happening every or almost every lesson, the benefits 

appear to be lost in that this category is associated with the lowest achievement scores; lower 

than ‘never’, although the small proportion reporting in that category places a restriction on the 

accuracy of the estimate.  This regular use of a quiz or test relates to classroom situations where 

assessment begins to take over at the expense of learning, with the instrument or experience 

potentially no longer viewed as a primarily formative exercise. 

Table 4.6-9: Average of mathematics achievement by quiz or test 

MATHEMATICS 
MAT\HOW OFTEN\HAVE A QUIZ OR 
TEST_REVERSE N Percent Mean S.D. 

NEVER 1,100 2.0 457.6 80.8 

SOME LESSONS 43,700 75.2 496.8 74.1 

ABOUT HALF THE LESSONS 7,900 13.6 483.7 75.6 

EVERY OR ALMOST EVERY LESSON 5,400 9.3 440.7 73.9 

Total 58,100 100.0 489.0 76.4 
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A high proportion of G8 students report listening to the teacher giving a lecture-style 

presentation on ‘every or nearly every lesson’. This experience is associated with a high 

achievement score, whereas the lowest mathematics achievement score is associated with the 

‘never’ category.  Again there is a highly significant variance across categories where 

decreasing achievement scores are associated with the lower frequencies of a lecture-style of 

presentation (63, 58203 = 1113.5, 
 < 0.001). 

Table 4.6-10: Average of mathematics achievement by lecture-style presentation 

MATHEMATICS 
MAT\HOW OFTEN\LISTEN TEACHER 
LECTURE_REVERSE N Percent Mean S.D. 

NEVER 1,700 3.0 423.5 75.8 

SOME LESSONS 8,200 14.1 460.4 66.7 

ABOUT HALF THE LESSONS 10,800 18.5 484.3 73.0 

EVERY OR ALMOST EVERY LESSON 37,500 64.4 499.5 76.2 

Total 58,200 100.0 488.9 76.4 
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A very small proportion of students ‘never’ use a calculator in mathematics classes in 

comparison to over half the respondents using a calculator for ‘about half the lessons’ or more 

frequently; the latter categories being associated with high achievement scores as illustrated in 

Table 4.6-11.   

Table 4.6-11: Average of mathematics achievement by use of calculator in G8 class 

MAT\HOW OFTEN\I USE A CALCULATOR IN 
CLASS\REVERSE 

  MATHEMATICS 

N Percent Mean S.D. 

NEVER 1,900 3.3 429.9 74.5 

SOME LESSONS 25,500 43.7 476.1 71.3 

ABOUT HALF THE LESSONS 18,800 32.2 508.0 73.0 

EVERY OR ALMOST EVERY LESSON 12,100 20.8 495.3 82.5 

Total 58,200 100.0 488.9 76.4 

 

In contrast to calculator usage, a large proportion of students ‘never’ use a computer in 

their Grade 8 mathematics class.  This is higher than reported by G4 students (Table 4.3-13), but 

the main difference in the G8 group is that the highest achievement scores are associated with 

never using a computer in class, rather than with the ‘never’ or ‘some’ categories that were 

associated with high achievement in the G4 data.  
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Table 4.6-12: Average of mathematics achievement by use of computer in G8 class 

MAT\HOW OFTEN\I USE A COMPUTER IN 
CLASS\REVERSE 

  MATHEMATICS 

N Percent Mean S.D. 

NEVER 39,400 67.7 497.4 70.6 

SOME LESSONS 14,300 24.5 483.9 81.8 

ABOUT HALF THE LESSONS 2,600 4.4 434.5 78.0 

EVERY OR ALMOST EVERY LESSON 1,900 3.3 415.6 81.5 

Total 58,100 100.0 488.6 76.6 

 

Extending this analysis to take account of student’s use of computers in support of 

schoolwork, in and out of school, gives the distribution of use and associated achievement 

scores presented in Table 4.6-13 (Mathematics).  Generally most students report ‘never’ using a 

computer in support of their mathematics studies (over 50%);   but highest achievement scores 

are associated with low levels of computer use, up to once or twice a month.   

 

Table 4.6-13: Average of mathematics achievement by use of computer for mathematics sch work 

MAT\HW OFTEN USE COMPTR FOR 
SCHWORK\MATH 

  MATHEMATICS 

N Percent Mean S.D. 

NEVER 31,000 53.9 488.9 73.7 

A FEW TIMES A YEAR 10,900 19.0 511.6 73.3 

ONCE OR TWICE A MONTH 9,400 16.4 495.0 73.4 

AT LEAST ONCE A WEEK 5,000 8.6 457.0 75.4 

EVERY DAY 1,200 2.1 399.3 77.3 

Total 57,600 100.0 489.6 76.2 
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 Classroom experiences (G8 science) Appendix 4.7.

5�
�������	

Only a small proportion of G8 students ‘never’ have opportunities to give explanations 

about what they are studying.   There is evidence in Table 4.7-1 to suggest students in that 

position tend to be associated with lower science achievement scores.  Where there are 

opportunities for those interactions, the experience is associated with higher student 

achievement scores in science; highest when occurring every or almost every lesson.   There is 

broadly an even spread of response across the three other categories with about a third of the 

cohort reporting ‘about half the lessons’ or ‘every or almost every lesson’. 

Table 4.7-1: Average of science achievement by explain something studied 

SCIENCE 
SCI\HOW OFTEN\GIVE EXPLANATION 
OF STUDYING SCI\REVERSE N Percent Mean S.D. 

NEVER 3.800 6.6 466.6 83.4 

SOME LESSONS 15,900 27.6 486.9 74.5 

ABOUT HALF THE LESSONS 19,300 33.5 501.0 75.0 

EVERY OR ALMOST EVERY LESSON 18,600 32.3 508.7 76.0 

Total 57,500 100.0 497.4 76.7 
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The distribution of responses to this experience of memorising facts and principles is 

broadly evenly spread, with a third of the cohort reporting ‘some lessons’ or ‘about half the 

lessons’.  The latter category is associated with the highest achievement score in science (Table 

4.7-2).  Those students reporting memorising as a regular activity, on every or almost every 

lesson, show a reduction in achievement score that mirrors reported changes in mathematics 

achievement for the same variable.   

For G8 students there appears to be shift in emphasis that supports opportunities to 

explain over memorising, with higher achievement scores associated with regular exposure to 

explaining what is studied.  This is a different picture to that reported earlier (G4 science) where 

memorising appeared to take precedence over explaining in its association with high 

achievement scores.   
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Table 4.7-2: Average of science achievement by memorise science facts 

SCIENCE 
SCI\HOW OFTEN\MEMORIZE SCIENCE 
FACTS & PRINCIPLES\REVERSE N Percent Mean S.D. 

NEVER 4,200 7.3 466.8 81.5 

SOME LESSONS 19,400 33.6 494.7 77.0 

ABOUT HALF THE LESSONS 19,500 33.8 506.1 73.5 

EVERY OR ALMOST EVERY LESSON 14,600 25.3 498.8 76.9 

Total 57,600 100.0 497.6 76.8 
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The next three experiences relate to science experiments or investigations, drawing a 

distinction between opportunities to ‘watch’ the teacher demonstrate the activity and students 

actively ‘planning’ or ‘conducting’ the experiment or investigation themselves.  The findings 

are reported in Table 4.7-3 through Table 4.7-5.  A significant change from data reported on G4 

student concerns the level of response in the ‘never’ category. For the older students only small 

proportions of respondents fall into that category of never engaging with experiments.   In all 

three scenarios (watch, plan and conduct) the students who ‘never’ have opportunities to engage 

with science experiments or investigations are associated with low science achievement scores.  

The proportion of students reporting engagement is evenly spread across the three response 

categories, with roughly one third of respondents affirming engagement.  For each of the three 

variables the highest achievement scores are associated with the middle category of ‘about half 

the lessons’.  The same strength and direction of association is noted for the higher category of 

‘every or almost every lesson’ within conducting experiments, whereas the empirical data for 

higher levels of ‘watching’ and ‘planning’ are associated with slightly lower achievement 

scores.  

	
Table 4.7-3: Average of science achievement by watch teacher DEMONSTRATE  

SCIENCE 
SCI\HOW OFTEN\WATCH TEACHER 
DEMONSTRATE SCI EXP\REVERSE N Percent Mean S.D. 

NEVER 1,300 2.2 444.7 89.8 

SOME LESSONS 15,100 25.9 489.1 77.1 

ABOUT HALF THE LESSONS 20,400 35.1 507.5 75.3 

EVERY OR ALMOST EVERY LESSON 21,400 36.8 495.6 75.7 

Total 58,200 100.0 497.0 77.0 
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Table 4.7-4: Average of science achievement by PLAN science experiment or investigation 

SCIENCE 
SCI\HOW OFTEN\ I PLAN SCI EXP OR 
INVESTIGATION\REVERSE N Percent Mean S.D. 

NEVER 3,900 6.8 470.1 82.2 

SOME LESSONS 18,400 31.9 498.0 75.3 

ABOUT HALF THE LESSONS 19,300 33.5 506.0 78.2 

EVERY OR ALMOST EVERY LESSON 16,100 27.8 492.5 74.1 

Total 57,700 100.0 497.3 77.0 
 

Table 4.7-5: Average of science achievement by CONDUCT science experiment or investigation 

SCIENCE 
SCI\HOW OFTEN\ I DO SCI EXP OR 
INVESTIGATION\REVERSE N Percent Mean S.D. 

NEVER 1,300 2.3 436.2 75.9 

SOME LESSONS 12,900 22.5 482.8 76.9 

ABOUT HALF THE LESSONS 18,800 32.7 504.3 75.6 

EVERY OR ALMOST EVERY LESSON 24,400 42.5 502.9 75.3 

Total 57,400 100.0 497.3 76.7 
 

Increasing levels of practical work for students, whether watching their teacher, 

planning the experiment themselves, or conducting experiments, are associated with increasing 

science achievement scores where the experience occurs in about half the lessons or more.  

Much as reported for G4 students on this aspect of classroom experience, there is a distinct 

disadvantage for students who never benefit from such opportunities to engage with scientific 

practical work; fortunately this only affects small proportions of the cohort but the differences 

across categories remain statistically significant with ‘conducting experiments’ providing the 

greatest explanation of variance: 

Watch teacher demonstrate (63, 58236 = 388.2, 
 < 0.001).  

Plan a science experiment (63, 57683 = 270.9, 
 < 0.001). 

Conduct experiment or investigation (63, 57423 = 539.1, 
 < 0.001). 
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The next pair of variables concerns organisational aspects of learning and the effect of 

working on science problems either alone or collaboratively.   The distribution of responses and 

associated science achievement scores are presented in Table 4.7-6 and Table 4.7-7.  The 

proportion of students reporting ‘never’ has reduced from the levels documented for G4 science, 

with a particularly noticeable reduction from 11.1% to 2.0% for working in small groups.  Only 
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8 per cent of respondents never work on their own when studying science problems, with the 

bulk of students experiencing this type of classroom activity or organisation in at least some 

lessons.  The highest achievement scores are associated with working individually on problems 

in about half the lessons.   

Table 4.7-6: Average of science achievement by work science problems on own 

SCIENCE 
SCI\HOW OFTEN\ I WORK SCI 
PROBLEMS ON OWN\REVERSE N Percent Mean S.D. 

NEVER 4,700 8.1 472.5 82.3 

SOME LESSONS 21,100 36.4 492.3 74.1 

ABOUT HALF THE LESSONS 20,300 35.0 507.2 74.9 

EVERY OR ALMOST EVERY LESSON 11,900 20.5 498.0 80.0 

Total 58,000 100.0 497.1 76.9 
      

Experience of working in groups is a dominant classroom activity with over half the 

cohort reporting this as happening in every or almost every lesson.  A small proportion of G8 

students never work in groups; this situation is associated with very low achievement scores.  

Table 4.7-7  shows that increased opportunities to work collaboratively are associated with ever 

improving achievement scores.  Over 80% of respondents are associated with a higher than 

average achievement score in science which is quite a contrast to that reported on this variable 

and its association with mathematics achievement where: (a) much smaller proportions (<25%) 

indicated engagement at those levels; and (b) the associated achievement scores were lower than 

in other categories, including the ‘never’ option that was reported by over a third of the 

students.    

Table 4.7-7: Average of science achievement by work in small groups 

SCIENCE 
SCI\HOW OFTEN\ I WORK IN GROUP 
EXPERIMENTS OR INVES\REVERSE N Percent Mean S.D. 

NEVER 1,100 2.0 426.8 79.9 

SOME LESSONS 10,300 17.8 481.4 74.0 

ABOUT HALF THE LESSONS 16,300 28.1 500.7 79.1 

EVERY OR ALMOST EVERY LESSON 30,300 52.2 503.1 74.8 

Total 58,000 100.0 497.0 77.1 
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This variable concerns how often students relate what they are learning in science to 

their daily lives.  Fewer than 15% ‘never’ do this in their lessons, a position that is associated 

with low achievement scores.   

Table 4.7-8: Average of science achievement by relate to daily life 

SCIENCE 
SCI\HOW OFTEN\ ASK TO RELATE TO 
DAILY LIFE\REVERSE N Percent Mean S.D. 

NEVER 8,200 14.2 485.9 75.8 

SOME LESSONS 21,400 37.2 499.3 74.8 

ABOUT HALF THE LESSONS 17,400 30.3 501.9 76.4 

EVERY OR ALMOST EVERY LESSON 10,600 18.4 495.9 82.1 

Total 57,600 100.0 497.6 77.0 
 

There is no obvious association between frequency of experience and science 

achievement scores, other than noting that the achievement scores for all three reporting 

categories beyond ‘never’ are relatively consistent and close to the grand mean; there is no 

obvious dip in association in the tails of the distribution as witnessed with some other variables 

and the majority of students appear to benefit from linking what they are learning in science to 

their daily lives; a significant association even if only happening in some lessons. (63, 57549 = 

86.8, 
 < 0.001). 
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Over one fifth of G8 students never experience review of science homework, with a 

further third only reporting this activity has happening in ‘some lessons’.  However, as the data 

in Table 4.7-9 highlights, those categories are associated with high science achievement scores.  

Nearly one quarter of the respondents report this experience as a regular feature of their 

classroom activity, happening on every or almost every lesson, but this category is associated 

with the lowest mean achievement score, which calls into question the value of such experience, 

or the manner in which it is administered in the science classroom.  By comparison this type of 

formative assessment was deemed to be worthwhile in mathematics classes where there was a 

clear step change from ‘never’ to the other categories of response.    
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Table 4.7-9: Average of science achievement by review homework 

SCIENCE 
SCI\HOW OFTEN\WE REVIEW OUR 
HOMEWORK_REVERSE N Percent Mean S.D. 

NEVER 12,500 21.8 500.9 78.1 

SOME LESSONS 18,800 32.6 500.5 78.7 

ABOUT HALF THE LESSONS 13,200 23.0 498.7 71.7 

EVERY OR ALMOST EVERY LESSON 12,900 22.5 488.7 77.2 

Total 57,500 100.0 497.5 76.8 
	

>��-	
�	����	

The category of student who ‘never’ experiences this type of activity is associated with 

low mathematics achievement scores.  Over 70% of the G8 students experience this type of 

formative assessment in at least some lessons, an experience that is associated with high science 

achievement scores.     

Table 4.7-10: Average of science achievement by quiz or test 

SCIENCE 
SCI\HOW OFTEN\HAVE A QUIZ OR 
TEST_REVERSE N Percent Mean S.D. 

NEVER 1,800 3.0 449.8 77.6 

SOME LESSONS 41,000 70.6 507.3 74.5 

ABOUT HALF THE LESSONS 9,900 17.0 488.4 74.8 

EVERY OR ALMOST EVERY LESSON 5,400 9.3 452.4 74.9 

Total 58,000 100.0 497.3 76.9 
 

As with the data on mathematics achievement, when the use of a quiz or test increases 

to be a very regular feature of class work, happening every or almost every lesson, the benefits 

appear to be lost in that this response is associated with the lowest achievement scores; even 

lower than the ‘never’ category.  
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A high proportion of G8 students report listening to the teacher giving a lecture-style 

presentation on ‘every or nearly every lesson’ in science. This experience is associated with a 

high achievement score, whereas the lowest mathematics achievement score is associated with 

the ‘never’ category.  Again there is a highly significant variance across categories with 

decreasing achievement scores associated with lower exposure to a lecture-style of presentation 

(63, 57732 = 1133.3, 
 < 0.001). 
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Table 4.7-11: Average of science achievement by lecture-style presentation 

SCIENCE 
SCI\HOW OFTEN\LISTEN TEACHER 
LECTURE_REVERSE N Percent Mean S.D. 

NEVER 1,700 2.9 439.2 77.5 

SOME LESSONS 8,200 14.1 469.8 71.0 

ABOUT HALF THE LESSONS 12,700 22.0 487.2 72.7 

EVERY OR ALMOST EVERY LESSON 35,200 61.0 510.2 76.1 

Total 57,800 100.0 497.4 76.8 
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Analysis of student’s use of computers in support of schoolwork, in and out of school, 

gives the distribution of use and associated achievement scores presented in Table 4.7-12.  In 

comparison to data presented on mathematics, a similar pattern of usage is reported across 

disciplines with just over ten per cent of the students using computers more than ‘once or twice 

a month’, an experience that is associated with low achievement scores.  Generally fewer 

students report ‘never’ using a computer in support of their science studies compared to 

mathematics studies (35% in science with over 50% mathematics);   but highest achievement 

scores in both disciplines are associated with low levels of computer use, up to once or twice a 

month.   

Table 4.7-12: Average of science achievement by use of computer for science sch work 

MAT\HW OFTEN USE COMPTR FOR 
SCHWORK\SCIENCE 

  SCIENCE 

N Percent Mean S.D. 

NEVER 19,900 35.0 478.9 76.6 

A FEW TIMES A YEAR 15,100 26.5 517.1 71.1 

ONCE OR TWICE A MONTH 15,600 27.3 510.3 73.3 

AT LEAST ONCE A WEEK 5,300 9.4 486.3 80.2 

EVERY DAY 1,100 1.9 451.1 83.8 

Total 56,900 100.0 497.8 76.9 
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 School culture and ethos (G8) Appendix 4.8.

The climate of learning is reported through responses to: ‘I think that children at my 

school try to do their best’; and ‘I think that teachers at my school want children to do their 

best’; responses ranging from ‘disagree a lot’ through to ‘agree a lot’.   

7�������	���	�����	����	

Three-fifths of respondents agree with the statement, with fewer than 10 per cent 

disagreeing a lot.  Students’ views on their peers putting in their best effort do not appear to be 

strongly associated with their mathematics or science achievement scores in Table 4.8-1.   

Table 4.8-1: Average of mathematics and science achievement by students try to do their best 

GEN\AGREE\STUDENTS TRY THEIR 
BEST 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

DISAGREE A LOT 5,600 9.7 473.7 75.9 485.4 80.6 

DISAGREE A LITTLE 17,700 30.4 495.6 71.0 508.3 71.6 

AGREE A LITTLE 25,300 43.4 495.8 75.2 497.8 75.6 

AGREE A LOT 9,600 16.5 466.0 84.1 480.1 84.5 

Total 58,200 100.0 488.7 76.5 496.9 77.1 
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In Table 4.8-2 there appears to be an association between achievement scores and 

perceived strength of feeling on a positive and supportive culture, where teachers show that they 

want the best for their learners; low achievements scores are associated with disagreement (a 

little, or a lot), although only a small proportion of respondents (~10%) do not feel their teacher 

wants their children to do their best. 

Table 4.8-2: Average of mathematics and science achievement by teachers want students to do their 
best

GEN\AGREE\TEACHERS WANT 
STUDENTS TO DO THEIR BEST 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

DISAGREE A LOT 2,400 4.1 446.5 74.2 438.3 76.0 

DISAGREE A LITTLE 3,700 6.4 477.3 76.2 478.0 77.8 

AGREE A LITTLE 15,700 26.9 495.0 73.4 502.8 74.2 

AGREE A LOT 36,500 62.6 490.0 77.1 500.3 76.0 

Total 53,300 100.0 488.8 76.5 497.0 77.1 

 

The second measure of school ethos reflects how ‘safe’ students feel at school, an IEA 

derived index-variable of High, Medium and Low perception of being safe as described in 0.  
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The comparable variables within the G8 data have the ‘B’ prefix. 

A high perception of safety was assigned on the basis of responding ‘no’ to all five 

concerns; a low perception of safety assigned if there were three or more concerns over ‘safety’. 

Table 4.8-3: Average of mathematics and science achievement by student perception of safety index 

IDX STD PRCPTN BEING 
SAFE IN SCHOOL (SPBSS) 

  MATHEMATICS SCIENCE 

N Percent Mean S.D. Mean S.D. 

HIGH 34,700 59.5 490.5 74.9 495.3 75.4 

MEDIUM 18,800 32.3 489.2 77.7 501.7 78.7 

LOW 4,700 8.1 474.2 82.6 490.7 82.2 

Total 58,200 100.0 488.8 76.6 497.0 77.1 

 

Sixty per cent of the cohort reports no concerns on safety.  Where there are concerns, 

medium or low, those categories are associated with lower achievement scores, more notably 

within the mathematics discipline.  
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 Model of science achievement (G4) with ALL Appendix 5.1.
control and predictor variables 

Table 5.1-1: Modelling all predictor and control variables (G4 Science - Controls) 

ASSSCIPV� ASSCI_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�size� +/��error�

FORMATIVE�YEARS�IN�COUNTRY(UK)� � � � � �
ARRIVED�IN�UK�AGED�5�OR�OVER� �39.8� 4.8� **� �0.66� �0.08�
OWN�LANGUAGE� � � � � �
ALMOST�ALWAYS� 10.1� 2.8� **� 0.17� 0.05

SOMETIMES� �19.8� 4.1� **� �0.33� �0.07

NEVER� �23.5� 7.4� **� �0.39� �0.12

STUDY�TOOLS� � � � � �
ONE�OF�CALC,�DICT,�ENCYCLOPAEDIA� 8.3� 7.7� �� 0.14� 0.13

TWO�OF�CALC,�DICT,�ENCYCLOPAEDIA� 14.0� 7.2� �� 0.23� 0.12

ALL�THREE�OF�CALC,�DICT,�ENCYCLOPAEDIA� 18.6� 7.2� **� 0.31� 0.12

HOME�ICT� � � � � �
COMPUTER�WITHOUT�INTERNET� 2.4� 5.3� �� 0.04� 0.09

COMPUTER�WITH�INTERNET� 26.0� 4.4� **� 0.43� 0.07

BOOKS�AT�HOME� � � � � �
NONE�OR�VERY�FEW�(0�TO�10�BOOKS)� �28.1� 3.7� **� �0.47� �0.06

ONE�SHELF�(11�TO�25�BOOKS)� �14.8� 2.7� **� �0.25� �0.05

TWO�BOOKCASES�(101�TO�200�BOOKS)� 16.5� 2.6� **� 0.27� 0.04

THREE�OR�MORE�BOOKCASES�(OVER�200)� 21.4� 2.8� **� 0.35� 0.05

GENDER� � � � � �
GIRL� �10.1� 1.9� **� �0.17� �0.03�
SAFETY� � � � � �
MEDIUM� �0.7� 2.1� �� �0.01� �0.03�
LOW� �14.8� 2.6� **� �0.24� �0.04�
OWN�BEDROOM� � � � � �
NO� �8.2� 2.3� **� �0.14� �0.04�
MOBILE�PHONE� � � � � �
NO� 18.1� 2.7� **� 0.30� 0.05�
OUT�OF�SCHOOL�ACTIVITIES� � � � � �
(SCLSOC�gm)^1� 0.8� 2.6� �� 0.03� 0.09

(SCLSOC�gm)^2� �7.3� 1.9� **� �0.24� �0.06

(SCLSOC�gm)^3� �4.2� 1.8� *� �0.14� �0.06

(SCLIND�gm)^1� �2.2� 1.8� �� �0.07� �0.06

(SCLIND�gm)^2� �9.1� 1.8� **� �0.30� �0.06

(SCLPD�gm)^1� �0.4� 2.2� �� �0.01� �0.07

(SCLPD�gm)^2� �10.4� 2.1� **� �0.34� �0.07
Note:�** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95%
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Table 5.1-2: Modelling all predictor and control variables (G4 Science - Predictors) 

ASSSCIPV� ASSCI_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size�

+/��
error�

EXPLAIN�SCIENCE�STUDIED� � � � � �

AS4SWESS_R:A�FEW�TIMES�A�YEAR� �1.3 3.2 � �0.02� �0.05�
AS4SWESS_R:ONCE�OR�TWICE�A�MONTH� 0.0 3.3 � 0.00� �0.05�
AS4SWESS_R:AT�LEAST�ONCE�A�WEEK� �2.6 3.6 � �0.04� �0.06�

MEMORISE�SCIENCE�FACTS� � � �

AS4SMESF_R:A�FEW�TIMES�A�YEAR� 4.5 3.2 � 0.07� 0.05�
AS4SMESF_R:ONCE�OR�TWICE�A�MONTH� 13.6 3.2 ** 0.22� 0.05�
AS4SMESF_R:AT�LEAST�ONCE�A�WEEK� 24.7 3.2 ** 0.41� 0.05�

WATCH�TEACHER�DEMONSTRATE�EXPERIMENT� � � �

AS4SWATE_R:A�FEW�TIMES�A�YEAR� 14.3 3.3 ** 0.24� 0.05�
AS4SWATE_R:ONCE�OR�TWICE�A�MONTH� 3.3 3.4 � 0.06� 0.06�
AS4SWATE_R:AT�LEAST�ONCE�A�WEEK� �8.0 3.6 * �0.13� �0.06�

PLAN�EXPERIMENT�OR�INVESTIGATION� � � �

AS4SHPEX_R:A�FEW�TIMES�A�YEAR� 6.3 2.7 * 0.10� 0.04�
AS4SHPEX_R:ONCE�OR�TWICE�A�MONTH� 0.6 3.0 � 0.01� 0.05�
AS4SHPEX_R:AT�LEAST�ONCE�A�WEEK� �0.7 3.7 � �0.01� �0.06�

DO�EXPERIMENT�OR�INVESTIGATION� � � �

AS4SDESI_R:A�FEW�TIMES�A�YEAR� 12.5 3.1 ** 0.21� 0.05�
AS4SDESI_R:ONCE�OR�TWICE�A�MONTH� 15.6 3.4 ** 0.26� 0.06�
AS4SDESI_R:AT�LEAST�ONCE�A�WEEK� 10.7 3.8 ** 0.18� 0.06�

WORK�SCIENCE�PROBLEMS�ON�OWN� � � �

AS4SWSPO_R:A�FEW�TIMES�A�YEAR� 9.2 4.0 * 0.15� 0.07�
AS4SWSPO_R:ONCE�OR�TWICE�A�MONTH� 12.6 3.7 ** 0.21� 0.06�
AS4SWSPO_R:AT�LEAST�ONCE�A�WEEK� 15.1 3.6 ** 0.25� 0.06�

WORK�IN�GROUP�EXPERIMENT�OF�INVESTIGATION� � � �

AS4SHWGX:A�FEW�TIMES�A�YEAR� 2.8 3.8 � 0.05� 0.06�
AS4SHWGX:ONCE�OR�TWICE�A�MONTH� 0.2 3.8 � 0.00� 0.06�
AS4SHWGX:AT�LEAST�ONCE�A�WEEK� �5.3 4.0 � �0.09� �0.07�

COMPUTER�IN�SCIENCE�LESSONS� � � �

AS4SCOSL_R:SOME�LESSONS� 0.5 2.6 � 0.01� 0.04�
AS4SCOSL_R:ABOUT�HALF�THE�LESSONS� �8.5 2.9 ** �0.14� �0.05�
AS4SCOSL_R:EVERY�OR�ALMOST�EVERY�LESSON �20.2 3.6 ** �0.33� �0.06�
Note:�**�t�value>2.58�a�CI�of�99%;�*�t�value>1.96�a�CI�of�95%

�
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Figure�5.1�1:�Out�of�school�interests�(Social�dimension�modelled�as�a�cubic�function)�
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 Model of mathematics achievement (G4) with Appendix 5.2.
ALL control and predictor variables 

Table 5.2-1: Modelling all predictor and control variables (G4 Mathematics - Controls) 

ASMMATPV� AMATH_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�size� +/��error�

FORMATIVE�YEARS�IN�COUNTRY(UK)� � � � � �
ARRIVED�IN�UK�AGED�5�OR�OVER� �35.8 4.9 ** �0.56� �0.08

OWN�LANGUAGE� � � � � �
ALMOST�ALWAYS� 15.0 2.8 ** 0.24� 0.05

SOMETIMES� �11.7 4.1 ** �0.18� �0.07

NEVER� �18.9 7.4 * �0.30� �0.12

STUDY�TOOLS� � � � � �
ONE�OF�CALC,�DICT,�ENCYCLOPAEDIA� 2.9� 7.9� �� 0.05� 0.12�
TWO�OF�CALC,�DICT,�ENCYCLOPAEDIA� 7.9� 7.4� �� 0.12� 0.12�
ALL�THREE�OF�CALC,�DICT,�ENCYCLOPAEDIA� 12.8� 7.3� �� 0.20� 0.12�
HOME�ICT� � � � � �
COMPUTER�WITHOUT�INTERNET� 2.9� 5.3� �� 0.05� 0.08�
COMPUTER�WITH�INTERNET� 21.9� 4.5� **� 0.34� 0.07�
BOOKS�AT�HOME� � � � � �
NONE�OR�VERY�FEW�(0�TO�10�BOOKS)� �33.1� 3.7� **� �0.52� �0.06�
ONE�SHELF�(11�TO�25�BOOKS)� �18.8� 2.8� **� �0.30� �0.04�
TWO�BOOKCASES�(101�TO�200�BOOKS)� 10.6� 2.7� **� 0.17� 0.04�
THREE�OR�MORE�BOOKCASES�(OVER�200)� 14.8� 2.9� **� 0.23� 0.05�
GENDER� � � � � �
GIRL� �20.4� 2.0� **� �0.32� �0.03�
SAFETY� � � � � �
MEDIUM� 0.0� 2.1� �� 0.00� �0.03�
LOW� �12.0� 2.7� **� �0.19� �0.04�
OWN�BEDROOM� � � � � �
NO� �2.5� 2.3� �� �0.04� �0.04�
MOBILE�PHONE� � � � � �
NO� 11.1� 2.8� **� 0.18� 0.04�
OUT�OF�SCHOOL�ACTIVITIES� � � � � �
(SCLSOC�gm)^1� 4.1� 2.6� �� 0.13� 0.08�
(SCLSOC�gm)^2� �8.7� 1.9� **� �0.28� �0.06�
(SCLSOC�gm)^3� �4.4� 1.8� *� �0.14� �0.06�
(SCLIND�gm)^1� 1.4� 1.8� �� 0.04� 0.06�
(SCLIND�gm)^2� �11.3� 1.8� **� �0.36� �0.06�
(SCLPD�gm)^1� �1.8� 2.2� �� �0.06� �0.07�
(SCLPD�gm)^2� �7.4� 2.2� **� �0.23� �0.07�
Note:�** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95%
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Table 5.2-2: Modelling all predictor and control variables (G4 Mathematics - Predictors) 

ASMMATPV� AMATH_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size�

+/��
error�

EXPLAIN�ANSWERS�(NEVER)� � �
AS4MHEXP_R:SOME�LESSONS� 9.5 3.3 ** 0.15� 0.05�
AS4MHEXP_R:ABOUT�HALF�THE�LESSONS� 14.0 3.6 ** 0.22� 0.06�
AS4MHEXP_R:EVERY�OR�ALMOST�EVERY�LESSON 11.0 3.7 ** 0.17� 0.06�
MEMORISE�PROCEDURES�ETC.�(NEVER)� � �
AS4MHMWP_R:SOME�LESSONS� 3.8 4.3 � 0.06� 0.07�
AS4MHMWP_R:ABOUT�HALF�THE�LESSONS 7.3 4.4 � 0.11� 0.07�
AS4MHMWP_R:EVERY�OR�ALMOST�EVERY�LESSON 19.1 4.4 ** 0.30� 0.07�
MEASURE�THINGS�IN�CLASS�(NEVER)� � �
AS4MHMCL_R:SOME�LESSONS� 1.9 3.0 � 0.03� 0.05�
AS4MHMCL_R:ABOUT�HALF�THE�LESSONS �16.8 4.2 ** �0.26� �0.07�
AS4MHMCL_R:EVERY�OR�ALMOST�EVERY�LESSON �28.1 4.7 ** �0.44� �0.08�
MAKE�TABLES�CHARTS�AND�GRAPHS�(NEVER) � �
AS4MHTCG_R:SOME�LESSONS� 24.9 4.0 ** 0.39� 0.06�
AS4MHTCG_R:ABOUT�HALF�THE�LESSONS� 20.1 4.3 ** 0.32� 0.07�
AS4MHTCG_R:EVERY�OR�ALMOST�EVERY�LESSON 13.8 4.7 ** 0.22� 0.07�
WORK�ON�OWN�(NEVER) � �
AS4MHWPO_R:SOME�LESSONS� 24.6 7.5 ** 0.39� 0.12�
AS4MHWPO_R:ABOUT�HALF�THE�LESSONS 29.8 7.5 ** 0.47� 0.12�
AS4MHWPO_R:EVERY�OR�ALMOST�EVERY�LESSON 41.9 7.4 ** 0.66� 0.12�
WORK�IN�GROUPS�(NEVER)� � �
AS4MHWSG_R:SOME�LESSONS� 11.0 4.1 ** 0.17� 0.06�
AS4MHWSG_R:ABOUT�HALF�THE�LESSONS 14.8 4.5 ** 0.23� 0.07�
AS4MHWSG_R:EVERY�OR�ALMOST�EVERY�LESSON �1.2 4.5 � �0.02� �0.07�
USE�A�CALCULATOR�IN�CLASS�(NEVER)� � �
AS4MHCAL_R:SOME�LESSONS� 12.4 2.3 ** 0.20� 0.04�
AS4MHCAL_R:ABOUT�HALF�THE�LESSONS� 4.4 4.5 � 0.07� 0.07�
AS4MHCAL_R:EVERY�OR�ALMOST�EVERY�LESSON �21.7 7.4 ** �0.34� �0.12�
USE�A�COMPUTER�IN�CLASS� � �
AS4MHCOM_R:SOME�LESSONS� �3.1 2.3 � �0.05� �0.04�
AS4MHCOM_R:ABOUT�HALF�THE�LESSONS �13.0 3.6 ** �0.20� �0.06�
AS4MHCOM_R:EVERY�OR�ALMOST�EVERY�LESSON �29.9 4.4 ** �0.47� �0.07�
Note:�**�t�value>2.58�a�CI�of�99%;�*�t�value>1.96�a�CI�of�95%

�
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 G8 Summaries: Science Appendix 5.3.

Appendix 5.3.1. Models of G8 Science Achievement 

Table 5.3-1: Explain My Studies (Model C) compared with Unconditional (Model A) 

MCMC Estimation (220,000 iterations) Unconditional Model 
(Model A) 

Explain my studies 
(Model C) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      
CONSTANT 01 495.7 4.0 477.6 9.2 ** 

EXPLAIN MY STUDIES (NEVER)      
SOME LESSONS 0ÝÝ   2.4 3.9 - 
ABOUT HALF THE LESSONS 0Ýá   11.4 3.9 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  13.6 3.9 ** 
Random Part  Total Proportion

Reduction
Level-4: IDSCHOOL �1� 2150.1 313.5 885.2 143.0 0.59
Level-3: IDTEACH  g1t�� 491.0 73.1 279.0 53.9 0.43
Level-2: IDSTUD j1�t�� 3254.5 87.2 2414.2 66.6 0.26
Level-1: IDCASE e1��t� 704.4 8.1 704.4 8.2 0.00
Total Variance 6600.0  4282.7  0.35

DIC:  177609.9  177563.3  
pD:  3566.6 � 3520.1 
Note: N=18525 cases, 3668 students, with 773 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95%
�

Table 5.3-2: Watch teacher demonstrate an experiment (Model D) compared with Model A 

MCMC Estimation (450,000 iterations) Unconditional Model 
(Model A) 

Watch teacher 
demonstrate  (Model D) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      
CONSTANT 01 495.0 4.2 

471.6 10.6 ** 
WATCH TEACHER DEMONSTRATE (NEVER)      

SOME LESSONS 0ÝÝ   11.0 6.4 - 
ABOUT HALF THE LESSONS 0Ýá   20.7 6.4 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  13.4 6.3 * 
Random Part  Total Proportion

Reduction
Level-4: IDSCHOOL �1� 2162.3 315.8 881.0 143.2 0.59
Level-3: IDTEACH  g1t�� 487.1 74.0 281.8 52.9 0.42
Level-2: IDSTUD j1�t�� 3287.7 86.39 2444.1 66.7 0.26
Level-1: IDCASE e1��t� 705.6 8.1 705.7 8.1 0.00
Total Variance 

6642.7  4312.6  0.35
DIC:  179657.1 179612.0 (45.1)  
pD:  3606.7  3561.1 (45.7) 
Note:  N=18735 cases, 3747 students, with 774 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.3-3: Design or plan a science experiment (Model E) compared with Model A 

MCMC Estimation (150,000 iterations) Unconditional Model 
(Model A) 

Design or plan an 
experiment  (Model E) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.9 4.5 480.5 9.2 ** 

DESIGN OR PLAN AN EXPERIMENT (NEVER)      
SOME LESSONS 0ÝÝ   6.9 4.0 - 
ABOUT HALF THE LESSONS 0Ýá   10.9 3.9 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  5.1 4.0 - 
Random Part  Total Proportion 

Reduction
Level-4: IDSCHOOL �1� 2147.7 316.0 868.9 142.7 0.60
Level-3: IDTEACH  g1t�� 496.4 76.4 288.2 53.6 0.42
Level-2: IDSTUD j1�t�� 3292.4 88.5 2458.3 67.2 0.25
Level-1: IDCASE e1��t� 703.8 8.2 703.7 8.2 0.00
Total Variance 

6640.3  4319.2  0.35
DIC:  178268.0  178223.2 (44.6) 
pD:  3581.2  3536.6  (44.6) �
Note:  N=18595 cases, 3719 students, with 773 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
�
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Table 5.3-4: Conduct an experiment or investigation (Model F) compared with Model A 

MCMC Estimation (150,000 iterations) Unconditional Model 
(Model A) 

Conduct an experiment 
(Model F) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.3 4.1 470.3 10.4 ** 

CONDUCT AN EXPERIMENT (NEVER)      
SOME LESSONS 0ÝÝ   13.2 6.5 * 
ABOUT HALF THE LESSONS 0Ýá   22.9 6.5 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  21.2 6.4 ** 
Random Part  Total Proportion 

Reduction
Level-4: IDSCHOOL �1� 2148.9 312.5 883.6 144.0 0.59
Level-3: IDTEACH  g1t�� 493.1 75.7 290.0 53.8 0.41
Level-2: IDSTUD j1�t�� 3265.4 87.3 2429.3 67.1 0.26
Level-1: IDCASE e1��t� 705.1 8.2 705.1 8.2 0.00
Total Variance 

6612.6  4308.1  0.35
DIC:  177151.0 177105.9  (45.2) 
pD:  3556.7 3511.3  (45.4) �
Note:  N=18475 cases, 3695students, with 773 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.3-5: Work on own (Model G) compared with Model A 

MCMC Estimation (200,000 iterations) Unconditional Model 
(Model A) 

Work on own  
(Model G) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.4 4.3 479.1 9.0 ** 

WORK ON OWN (NEVER)      
SOME LESSONS 0ÝÝ   4.5 3.5 - 
ABOUT HALF THE LESSONS 0Ýá   12.0 3.5 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  11.1 3.8 ** 
Random Part  Total Proportion

Reduction
Level-4: IDSCHOOL �1� 2161.2 315.0 897.9 145.0 0.58
Level-3: IDTEACH  g1t�� 490.4 75.2 286.8 53.7 0.42
Level-2: IDSTUD j1�t�� 3247.7 87.6 2437.1 67.0 0.26
Level-1: IDCASE e1��t� 704.2 8.2 704.3 8.2 0.00
Total Variance 

6630.6  4326.0  0.35
DIC:  178805.8  178761.3   (44.5) 
pD:  3590.9  3545.6 (45.3) �
Note:  N=18650 cases, 3730 students, with 774 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�

Table 5.3-6: Work in small groups (Model H) compared with Model A 

MCMC Estimation (200,000 iterations) Unconditional Model 
(Model A) 

Work in small groups 
(Model H) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.6 4.3 472.9 10.9 ** 

WORK IN SMALL GROUPS (NEVER)      
SOME LESSONS 0ÝÝ   9.3 7.4 - 
ABOUT HALF THE LESSONS 0Ýá   21.0 7.4 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  19.5 7.3 ** 
Random Part  Total Proportion

Reduction

Level-4: IDSCHOOL �1� 2181.9 317.6 887.8 143.8 0.59
Level-3: IDTEACH  g1t�� 485.8 74.8 273.0 52.4 0.44
Level-2: IDSTUD j1�t�� 3289.3 87.7 2450.2 67.2 0.26
Level-1: IDCASE e1��t� 703.9 8.1 703.9 8.1 0.00
Total Variance 

6660.9  4314.8  0.35
DIC:  178797.1  178751.2 (45.9) 
pD:  3591.7  3545.9 (45.8) �
Note:  N=18650 cases, 3730 students, with 773 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.3-7: Relate learning to Daily Life (Model I) compared with Model A 

MCMC Estimation (250,000 iterations) Unconditional Model 
(Model A) 

Daily Life  
(Model I) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
495.3 4.3 485.6 8.8 ** 

DAILY LIFE (NEVER)      
SOME LESSONS 0ÝÝ   -0.7 2.8 - 
ABOUT HALF THE LESSONS 0Ýá   4.7 2.8 - 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  0.6 3.2 - 
Random Part  Total Proportion 

Reduction
Level-4: IDSCHOOL �1� 2183.4 320.8 922.4 149.0 0.58
Level-3: IDTEACH  g1t�� 483.8 74.8 276.5 52.8 0.43
Level-2: IDSTUD j1�t�� 3277.5 88.0 2449.4 67.7 0.25
Level-1: IDCASE e1��t� 705.8 8.2 705.8 8.3 0.00
Total Variance 

6650.4  4354.0  0.35
DIC:  177839.0 177797.3 (41.7) 
pD:  3570.0 3526.6 (43.4) �
Note:  N=18545 cases, 3709 students, with 774 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�

�

Table 5.3-8: Review homework (Model J) compared with Model A 

MCMC Estimation (174,000 iterations) Unconditional Model 
(Model A) 

Review Homework   
(Model J) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.8 4.3 491.4 8.9 ** 

REVIEW HOMEWORK (NEVER)      
SOME LESSONS 0ÝÝ   -2.8 2.4 - 
ABOUT HALF THE LESSONS 0Ýá   -6.4 2.7 * 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  -12.0 2.8 ** 
Random Part  Total Proportion 

Reduction

Level-4: IDSCHOOL �1� 2171.1 317.0 869.7 141.5 0.60
Level-3: IDTEACH  g1t�� 477.8 74.4 283.0 53.6 0.41
Level-2: IDSTUD j1�t�� 3286.0 88.2 2440.7 67.3 0.26
Level-1: IDCASE e1��t� 706.5 8.2 706.5 8.3 0.00
Total Variance 

6641.2  4299.9 � 0.35
DIC:  177522.7 177475.9  (46.8) 
pD:  3564.0 3517.8  (46.2) �
Note:  N=18510 cases, 3702 students, with 773 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.3-9: Quiz or test (Model K) compared with Model A 

MCMC Estimation (321,000 iterations) Unconditional Model 
(Model A) 

Quiz or Test  
(Model K) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.5 4.2 476.1 9.9 ** 

QUIZ OR TEST (NEVER)      
SOME LESSONS 0ÝÝ   14.1 5.6 * 
ABOUT HALF THE LESSONS 0Ýá   4.4 5.9 - 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  -12.1 6.2 - 
Random Part  Total Proportion

Reduction
Level-4: IDSCHOOL �1� 2158.7 313.8 825.9 135.8 0.62
Level-3: IDTEACH  g1t�� 486.6 75.9 280.5 53.2 0.42
Level-2: IDSTUD j1�t�� 3285.2 87.6 2416.5 66.7 0.26
Level-1: IDCASE e1��t� 706.1 8.2 706.2 8.2 0.00
Total Variance 

6636.6  4229.2  0.36
DIC:  179048.3  179000.6  (47.7) 
pD:  3594.7 3546.8  (47.9) �
Note:  N=18670 cases, 3734 students, with 774 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.3-10: Lecture-style presentation (Model L) compared with Model A 

MCMC Estimation (340,000 iterations) Unconditional Model 
(Model A) 

Lecture-style presentation  
(Model L) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.8 4.2 474.4 10.1 ** 

LECTURE-STYLE PRESENTATION (NEVER)      
SOME LESSONS 0ÝÝ   2.0 6.0 - 
ABOUT HALF THE LESSONS 0Ýá   11.7 5.8 * 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  18.5 5.7 ** 
Random Part  Total Proportion

Reduction

Level-4: IDSCHOOL �1� 2160.7 316.8 860.6 139.4 0.60
Level-3: IDTEACH  g1t�� 487.2 74.8 254.8 51.2 0.48
Level-2: IDSTUD j1�t�� 3272.0 86.9 2420.0 66.7 0.26
Level-1: IDCASE e1��t� 705.1 8.2 705.0 8.2 0.00
Total Variance 

6625.0  4240.6  0.36
DIC:  178206.4 178159.9  (46.5) 
pD:  3578.2 3531.2  (47.0) �
Note:  N=18585 cases, 3717 students, with 774 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.3-11: Computer in science lesson (Model M) compared with Model A 

MCMC Estimation (200,000 iterations) Unconditional Model 
(Model A) 

Computer
(Model M) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
494.9 4.2 489.4 8.7 ** 

COMPUTER (NEVER)      
SOME LESSONS 0ÝÝ   2.5 2.1 - 
ABOUT HALF THE LESSONS 0Ýá   -12.9 3.6 ** 
EVERY OR ALMOST EVERY LESSON 0Ýä 

  -31.8 5.1 ** 
Random Part    Total Proportion 

Reduction
Level-4: IDSCHOOL �1� 2174.9 316.3 817.3 135.2 0.62
Level-3: IDTEACH  g1t�� 479.1 74.7 277.2 52.3 0.42
Level-2: IDSTUD j1�t�� 3288.4 88.0 2427.6 66.3 0.26
Level-1: IDCASE e1��t� 706.0 8.2 706.0 8.1 0.00
Total Variance 

6648.5  4228.1  0.36
DIC:  179332.3   179286.7 (45.6) 
pD:  3600.4  3554.0 (46.4) �
Note:  N=18700 cases, 3740 students, with 774 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�

Table 5.3-12: Computer for school work (Model N) compared with Model A 

MCMC Estimation (149,000 iterations) Unconditional Model 
(Model A) 

Computer for School Work 
(Model N) 

Response: BSSSCIPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 
495.5 4.4 480.0 8.9 ** 

COMPUTER FOR SCHOOL WORK (NO TIME)      
A FEW TIMES A YEAR 0ÝÝ   12.1 2.3 ** 
ONCE OR TWICE A MONTH 0Ýá   6.3 2.4 ** 
AT LEAST ONCE A WEEK 0Ýä 

  -8.0 3.4 * 
EVERY DAY 0Ý÷ 

  -19.8 6.9 ** 
Random Part  Total Proportion 

Reduction

Level-4: IDSCHOOL �1� 2150.3 312.4 830.2 136.4 0.61
Level-3: IDTEACH  g1t�� 479.1 76.3 262.0 53.2 0.45
Level-2: IDSTUD j1�t�� 3263.6 88.0 2432.1 68.0 0.26
Level-1: IDCASE e1��t� 706.7 8.3 706.8 8.2 0.00
Total Variance 

6605.3  4231.1  0.36
DIC:  175660.7  175615.2 (45.5) 
pD:  3525.7  3480.0  (45.6) �
Note:  N=18315 cases, 3663 students, with 769 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.3-13: Combination of 'CONDUCT', 'WATCH' and 'PLAN' (including control variables) 

IGLS Estimation  CONDUCT + WATCH  
(Model O) 

CONDUCT + WATCH + 
PLAN  (Model P) 

Response: BSSSCIPV Coef.(s.e.) Sig. Coef.(s.e.) Sig. 

Fixed Part    

CONSTANT 01 464.7 (11.3) ** 464.2 (11.3)  ** 

CONDUCT EXPERIMENTS  (NEVER)    

SOME LESSONS  11.9 (6.9) - 11.1 (7.0)  - 

ABOUT HALF THE LESSONS  19.7 (6.8)  ** 18.9 (7.0)  ** 

EVERY OR ALMOST EVERY LESSON 19.8 (6.9)  ** 21.0 (7.1)  ** 

WATCH TEACHER DEMONSTRATE  EXPERIMENT (NEVER)   

SOME LESSONS  5.6 (6.9)  - 4.3 (7.0)   - 

ABOUT HALF THE LESSONS  12.6 (6.9)  - 11.4 (7.0)   - 

EVERY OR ALMOST EVERY LESSON 4.6 (6.9)  - 4.6 (7.1)   - 

PLAN SCIENCE EXPERIMENT OR INVESTIGATION (NEVER)   

SOME LESSONS    3.3 (4.1)  - 

ABOUT HALF THE LESSONS    4.0 (4.1)   - 

EVERY OR ALMOST EVERY LESSON   -2.5 (4.4)   - 

Random Part 
Total Variance 
Reduction (%)

Total Variance 
Reduction (%)

Level-4: IDSCHOOL �1� 836.0 (126.5) 0.60 828.7 (125.6) 0.60 

Level-3: IDTEACH  g1t�� 293.8 (51.2) 0.41 295.0 (51.2) 0.41 

Level-2: IDSTUD j1�t�� 2389.8 (65.3) 0.27 2384.3 (65.2) 0.27 

Level-1: IDCASE e1��t� 703.8 (8.2) 0.00 703.8 (8.2) 0.0 

Total Variance 4223.4 0.35 4211.8 0.35 

-2*loglikelihood (difference from previous model) 182985.6 (16.9) 182978.2 (7.4) 

Note:  N=17430 cases, 3564 students, with 250 teachers, in 137 schools;  
 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.3-14: Science combination of 'explain' and 'memorise' (including control variables) 

IGLS Estimation  EXPLAIN MY STUDIES 
(Model B�) 

MEMORISE SCIENCE 
FACTS & PRINCIPLES 
(Model C�) 

EXPLAIN + 
MEMORISE  
(Model Q) 

Response: BSSSCIPV Coef.(s.e.) Sig. Coef.(s.e.) Sig. Coef. (s.e.) Sig. 

Fixed Part       

CONSTANT 476.1 (9.3)   ** 474.2 (9.2) ** 471.3 (9.5) ** 
EXPLAIN (NEVER) 

     
SOME LESSONS 2.8 (3.9)  -   0.8 (4.0)  - 
ABOUT HALF THE 
LESSONS 11.5 (3.9)  **   8.4 (4.0)  * 

EVERY OR ALMOST 
EVERY LESSON 

 
13.7 (3.9)  

 
**    

11.1 (4.2) 
 

- 
MEMORISE (NEVER) 

     
SOME LESSONS   8.6 (3.6)  ** 6.9 (3.7)  - 
ABOUT HALF THE 
LESSONS 

  15.4 (3.6)  ** 11.2 (3.8) ** 

EVERY OR ALMOST 
EVERY LESSON 

  
11.9 (3.8)  ** 6.0 (4.0)  - 

Random Part 

Total Variance
Reduction

Total Variance
Reduction

Total Variance  
Reduction  

Level-4: IDSCHOOL �1� 850.5 (128.0) 0.60 838.5 (126.5) 0.61 834.8 (125.9) 0.61 

Level-3: IDTEACH  g1t�� 285.8 (50.3) 0.42 286.3 (50.4) 0.42 284.2 (50.1) 0.42 

Level-2: IDSTUD j1�t�� 2378.2 (64.9) 0.27 2385.8 (65.1) 0.27 2372.0 (64.7) 0.27 

Level-1: IDCASE e1��t� 704.1 (8.2) 0.00 704.1 (8.2) 0.00 704.1 (8.2) 0.00 

Total Variance 4218.5 0.36 4214.7.0 0.26 4195.0 0.36 

-2*loglikelihood:  183672.0   183681.1  183660.6 (11.4) 

Note:  N=18365 cases, 3673 students, with 771 teachers, in 129 schools;  
 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Appendix 5.3.2. Model of science achievement (G8) with ALL 
control and predictor variables 

Table 5.3-15: Modelling all predictor and control variables (G8 Science - Controls) 

BSSSCIPV� BSCI_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size�

+/�
error�

OWN�LANGUAGE� � � � � �
ALMOST�ALWAYS� �4.8� 4.0� �� �0.08� 0.07�
SOMETIMES� �5.8� 5.7� �� �0.10� 0.10�
NEVER� �34.7� 10.0� **� �0.61� 0.18�
HOME�ICT� � � � � �

COMPUTER�WITHOUT�INTERNET� 7.0� 7.1� �� 0.12� 0.12�
HOME�COMPUTER�AND�INTERNET� 21.9� 6.2� **� 0.39� 0.11�
BOOKS�AT�HOME� � � � � �

NONE�OR�VERY�FEW�(0�TO�10�BOOKS)� �30.8� 3.0� **� �0.54� 0.05�
ONE�SHELF�(11�TO�25�BOOKS)� �12.0� 2.6� **� �0.21� 0.05�
TWO�BOOKCASES�(101�TO�200�BOOKS)� 13.5� 2.9� **� 0.24� 0.05�
THREE�OR�MORE�BOOKCASES�(OVER�200)� 35.9� 2.9� **� 0.64� 0.06�
OWN�BEDROOM/�STUDY�SPACE� � � � � �

BEDROOM_NO� �5.7� 2.6� *� �0.10� 0.05�

WORK�IN�PAID�JOB� � � � � �
WKPJ_LESS�THAN�1�HOUR� �12.7� 3.4� **� �0.23� 0.06�
WKPJ_1�TO�2�HOURS� �7.7� 3.6� *� �0.14� 0.06�
WKPJ_MORE�THAN�2�BUT�LESS�THAN�4�HRS� �6.3� 4.4� �� �0.11� 0.08�
WKPJ_4�OR�MORE�HOURS� �5.5� 4.4� �� �0.10� 0.08�
PLAY�SPORTS� � � � � �
PLSP_LESS�THAN�1�HOUR� 1.8� 3.1� �� 0.03� 0.06�
PLSP_1�TO�2�HOURS� 5.7� 3.0� �� 0.10� 0.05�
PLSP_MORE�THAN�2�BUT�LESS�THAN�4�HOURS� 2.1� 3.3� �� 0.04� 0.06�
PLSP_4�OR�MORE�HOURS� �9.4� 3.4� **� �0.17� 0.06�
GENDER� � � � � �
GIRL� �15.5� 2.1� **� �0.55� 0.07�
FORMATIVE�YEARS�IN�COUNTRY(UK)� � � � � �
ARRIVED�IN�UK�AGED�5�TO�10�YEARS� �10.1� 8.6� �� �0.36� 0.30�
ARRIVED�IN�UK�OLDER�THAN�10�YEARS� �30.8� 6.8� **� �1.09� 0.24�
STUDY�TOOLS� � � � � �
ONE�OF�CALC,�DICT,�ENCYCLOPAEDIA� 6.0� 6.1� �� 0.21� 0.22�
TWO�OF�CALC,�DICT,�ENCYCLOPAEDIA� 12.6� 5.5� *� 0.45� 0.20�
ALL�THREE�OF�CALC,�DICT,�ENCYCLOPAEDIA� 16.9� 5.5� **� 0.60� 0.20�

� �



(���
�

BSSSCIPV� BSCI_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size� +/��error�

OUT�OF�SCHOOL�ACTIVITIES� � � � �
(BSCLSOC�gm)^1� �15.3� 1.8� **� �0.54� 0.07�
(BSCLSOC�gm)^2� �6.4� 1.8� **� �0.11� 0.03�
(BSCLIND�gm)^1� 4.8� 1.5� **� 0.08� 0.03�
(BSCLIND�gm)^2� �7.6� 1.5� **� �0.13� 0.03�
(BSCLPD�gm)^1� 17.7� 2.6� **� 0.31� 0.05�
(BSCLPD�gm)^2� �10.3� 2.5� **� �0.18� 0.04�
Note:�**�t�value>2.58�a�CI�of�99%;�*�t�value>1.96�a�CI�of�95%
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Figure 5.3-1: Out-of-school activities against G8 science achievement scores 
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Table 5.3-16: Modelling all predictor and control variables (G8 Science - Predictors) 

BSSSCIPV� BSCI_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size� +/��error�

BS4SHEOS_R:SOME�LESSONS� 3.2� 4.3� �� 0.06� 0.08�
BS4SHEOS_R:ABOUT�HALF�THE�LESSONS 8.2� 4.5� � 0.15� 0.08�
BS4SHEOS_R:EVERY�OR�ALMOST�EVERY�
LESSON�

12.7� 4.6� ** 0.22� 0.08�

BS4SHFAP_R:SOME�LESSONS� 3.1� 4.0� �� 0.05� 0.07�
BS4SHFAP_R:ABOUT�HALF�THE�LESSONS 7.3� 4.2� � 0.13� 0.07�
BS4SHFAP_R:EVERY�OR�ALMOST�EVERY�
LESSON�

7.0� 4.4� � 0.12� 0.08�

BS4SHWPO_R:SOME�LESSONS� 2.6� 3.7� �� 0.05� 0.06�
BS4SHWPO_R:ABOUT�HALF�THE�LESSONS 6.9� 3.7� � 0.12� 0.07�
BS4SHWPO_R:EVERY�OR�ALMOST�EVERY�
LESSON�

10.9� 4.0� ** 0.19� 0.07�

BS4SHWGO_R:SOME�LESSONS� 4.5� 9.3� �� 0.08� 0.16�
BS4SHWGO_R:ABOUT�HALF�THE�LESSONS 11.0� 9.3� � 0.19� 0.16�
BS4SHWGO_R:EVERY�OR�ALMOST�EVERY�
LESSON�

9.5� 9.3� � 0.17� 0.16�

BS4SHLSP_R:SOME�LESSONS� 1.1� 6.9� �� 0.02� 0.12�
BS4SHLSP_R:ABOUT�HALF�THE�LESSONS 6.9� 6.8� � 0.12� 0.12�
BS4SHLSP_R:EVERY�OR�ALMOST�EVERY�
LESSON�

14.3� 6.7� * 0.25� 0.12�

BS4SHDEI_R:SOME�LESSONS� �5.9� 7.4� �� �0.11� 0.13�
BS4SHDEI_R:ABOUT�HALF�THE�LESSONS 0.2� 7.4� � 0.00� 0.13�
BS4SHDEI_R:EVERY�OR�ALMOST�EVERY�
LESSON�

�6.1� 7.5� � �0.11� 0.13�

BS4SHCEI_R:SOME�LESSONS� 5.5� 8.0� �� 0.10� 0.14�
BS4SHCEI_R:ABOUT�HALF�THE�LESSONS 9.0� 8.1� � 0.16� 0.14�
BS4SHCEI_R:EVERY�OR�ALMOST�EVERY�
LESSON�

8.9� 8.2� � 0.16� 0.15�

BS4SHPEI_R:SOME�LESSONS� 1.7� 4.3� �� 0.03� 0.08�
BS4SHPEI_R:ABOUT�HALF�THE�LESSONS 0.9� 4.4� �� 0.02� 0.08�
BS4SHPEI_R:EVERY�OR�ALMOST�EVERY�
LESSON�

�3.4� 4.7� �� �0.06� 0.08�
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Table 5.3-17: Modelling all predictor and control variables (G8 Science – Predictors) Continued 

BSSSCIPV� BSCI_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size� +/��error�

BS4SHROH_R:SOME�LESSONS� �5.0� 2.6� �� �0.09� 0.05�
BS4SHROH_R:ABOUT�HALF�THE�LESSONS �12.7� 2.9� **� �0.23� 0.05�
BS4SHROH_R:EVERY�OR�ALMOST�EVERY�
LESSON� �15.6� 3.1� **� �0.28� 0.06�

BS4SHHQT_R:SOME�LESSONS� 7.5� 6.0� �� 0.13� 0.11�
BS4SHHQT_R:ABOUT�HALF�THE�LESSONS �0.5� 6.4� �� �0.01� 0.11�
BS4SHHQT_R:EVERY�OR�ALMOST�EVERY�
LESSON� �14.2� 6.8� *� �0.25� 0.12�

BS4SHCOM_R:SOME�LESSONS� 2.3� 2.2� �� 0.04� 0.04�
BS4SHCOM_R:ABOUT�HALF�THE�LESSONS �10.4� 3.8� **� �0.18� 0.07�
BS4SHCOM_R:EVERY�OR�ALMOST�EVERY�
LESSON� �20.4� 5.8� **� �0.36� 0.10�

BS4SCSWS_R_A�FEW�TIMES�A�YEAR� 8.8� 2.4� **� 0.16� 0.04�
BS4SCSWS_R_ONCE�OR�TWICE�A�MONTH 4.7� 2.5� �� 0.08� 0.04�
BS4SCSWS_R_AT�LEAST�ONCE�A�WEK� �9.7� 3.6� **� �0.17� 0.06�
BS4SCSWS_R_EVERY�DAY� �15.6� 7.0� *� �0.28� 0.12�

BS4SHMDL_R:SOME�LESSONS� �4.5� 3.0� �� �0.08� 0.05�
BS4SHMDL_R:ABOUT�HALF�THE�LESSONS �2.1� 3.2� �� �0.04� 0.06�
BS4SHMDL_R:EVERY�OR�ALMOST�EVERY�
LESSON� 0.1� 3.6� �� 0.00� 0.06�

Note:�**�t�value>2.58�a�CI�of�99%;�*�t�value>1.96�a�CI�of�95%

�

�

�



(���
�

 G8 Summaries: Mathematics Appendix 5.4.

Appendix 5.4.1. Models of GR8 Mathematics Achievement 
Table 5.4-1: Memorise Procedures etc. (Model B) compared with Unconditional (Model A) 

MCMC Estimation  Unconditional Model 
(Model A) 

Interpret data (Model B) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.1 3.8 487.1 4.3 ** 

MEMORISE PROCEDURES (NEVER)      
SOME LESSONS 0Ý1   9.8 2.1 ** 
ABOUT HALF THE LESSONS 0Ý
   9.9 2.2 ** 
EVERY OR ALMOST EVERY LESSON 0Ý�   10.2 2.4 ** 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 229.2 276.2 158.9 208.1 0.31

Level-3: IDTEACH  g1t�� 4092.7 426.4 3288.5 331.7 0.20

Level-2: IDSTUD j1�t�� 1429.0 37.0 1269.5 33.3 0.11

Level-1: IDCASE e1��t� 502.3 5.8 502.2 5.8 0.00

Total Variance 6283.6  5243.3  0.17

DIC:  172276.9  172254.4  (22.5)  
pD:  3501.9  3478.6  (23.3) 
Note:  N=18635 cases, 3727 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

Table 5.4-2: Explain my answers (Model C) compared with Model A 
MCMC Estimation  Unconditional Model 

(Model A) 
Work in small groups 
(Model E) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 478.3 4.2 489.0 5.1 ** 

EXPLAIN MY ANSWERS (NEVER)      
SOME LESSONS 0Ý1   5.8 3.3 - 
ABOUT HALF THE LESSONS 0Ý
   7.9 3.3 * 
EVERY OR ALMOST EVERY LESSON 0Ý�   7.6 3.1 * 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 219.3 276.6 44.4 139.8 0.80

Level-3: IDTEACH  g1t�� 4098.9 424.2 3499.5 314.0 0.15

Level-2: IDSTUD j1�t�� 1421.8 37.0 1267.8 33.2 0.11

Level-1: IDCASE e1��t� 503.3 5.8 503.3 5.8 0.00

Total Variance 6243.3  5315.0 0.15

DIC:  172219.2  172192.6 (26.6) 
pD:  3498.9  3473.4 (25.5) 
Note:  N=18615 cases, 3723 students, with 311 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.4-3: Interpret Data (Model D) compared with Model A 

MCMC Estimation  Unconditional Model 
(Model A) 

Interpret data (Model D) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.8 3.9 493.5 5.4 ** 

INTERPRET DATA (NEVER)      
SOME LESSONS 0Ý1   4.6 3.3 - 
ABOUT HALF THE LESSONS 0Ý
   -2.9 3.5 - 
EVERY OR ALMOST EVERY LESSON 0Ý�   -10.6 3.9 ** 

Random Part  Total Proportion 
Reduction

Level-4: IDSCHOOL �1� 98.0 208.7 46.3 111.0 0.53

Level-3: IDTEACH  g1t�� 4257.4 411.9 3436.8 313.3 0.19

Level-2: IDSTUD j1�t�� 1425.6 36.8 1257.7 33.0 0.12

Level-1: IDCASE e1��t� 502.6 5.8 502.6 5.8 0.00

Total Variance 6283.6  5243.3  0.17

DIC:  176153.3  175611.4  (541.9)  
pD:  3444.4  3427.7  (9.8) 
Note:  N=18670 cases, 3734 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.4-4: Work in small groups (Model E) compared with Model A 

MCMC Estimation  Unconditional Model 
(Model A) 

Work in small groups 
(Model E) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.5 4.2 496.7 4.4 ** 

WORK IN SMALL GROUPS (NEVER)      
SOME LESSONS 0Ý1   -1.2 1.6 - 
ABOUT HALF THE LESSONS 0Ý
   -3.2 2.2 - 
EVERY OR ALMOST EVERY LESSON 0Ý�   -15.0 2.7 ** 

Random Part  Total Proportion 
Reduction

Level-4: IDSCHOOL �1� 280.6 362.4 3.6 13.7 0.99

Level-3: IDTEACH  g1t�� 4111.5 451.4 3519.6 303.0 0.14

Level-2: IDSTUD j1�t�� 1414.4 36.7 1256.6 33.4 0.11

Level-1: IDCASE e1��t� 503.2 5.8 503.2 5.8 0.00

Total Variance 6309.7  5283.1 0.16

DIC:  172219.2  172192.6 (26.6) 
pD:  3498.9  3473.4 (25.5) 
Note:  N=18625 cases, 3725 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.4-5: Work on own (Model F) compared with Model A 
MCMC Estimation  Unconditional Model 

(Model A) 
Work on own (Model F) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.5 3.8 487.5 5.3 ** 

WORK ON OWN (NEVER)      
SOME LESSONS 0Ý1   3.0 3.3 - 
ABOUT HALF THE LESSONS 0Ý
   5.7 3.3 - 
EVERY OR ALMOST EVERY LESSON 0Ý�   12.5 3.3 ** 

 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 160.4 244.1 53.3 98.4 0.67

Level-3: IDTEACH  g1t�� 4183.0 417.6 3437.6 307.0 0.18

Level-2: IDSTUD j1�t�� 1426.7 37.0 1263.5 33.4 0.11

Level-1: IDCASE e1��t� 502.3 5.8 502.4 5.8 0.00

Total Variance 6272.4  5256.8  0.16

DIC:  171862.5  171838.6 (23.9) 
pD:  3492.9  3468.3 (24.7) 
Note:  N=18590 cases, 3718 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�
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Table 5.4-6: Daily Life (Model G) compared with Model A 

MCMC Estimation  Unconditional Model 
(Model A) 

Daily Life (Model G) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.8 3.9 496.6 4.6 ** 

DAILY LIFE (NEVER)      
SOME LESSONS 0Ý1   -1.0 1.8 - 
ABOUT HALF THE LESSONS 0Ý
   0.4 2.0 - 
EVERY OR ALMOST EVERY LESSON 0Ý�   -5.8 2.2 ** 

 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 213.3 346.8 2.1 6.1 0.99

Level-3: IDTEACH  g1t�� 4147.7 449.2 3498.4 300.5 0.16

Level-2: IDSTUD j1�t�� 1428.1 36.9 1272.4 33.9 0.11

Level-1: IDCASE e1��t� 501.8 5.8 501.8 5.8 0.00

Total Variance 6291.0  5274.7  

DIC:  172168.4  172145.1 (23.4)
pD:  3500.7  3477.1 (23.6) 
Note:  N=18625 cases, 3725 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.4-7: Review Homework (Model H) compared with Model A 
MCMC Estimation  Unconditional Model 

(Model A) 
Review Homework   
(Model H) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.6 3.8 492.5 4.6 ** 

REVIEW HOMEWORK (NEVER)      
SOME LESSONS 0Ý1   5.2 2.2 * 
ABOUT HALF THE LESSONS 0Ý
   4.9 2.3 * 
EVERY OR ALMOST EVERY LESSON 0Ý�   -0.1 2.3 - 

 

Random Part  Total Proportion 
Reduction

Level-4: IDSCHOOL �1� 164.9 249.7 39.6 71.5 0.76

Level-3: IDTEACH  g1t�� 4158.7 417.9 3498.7 310.2 0.16

Level-2: IDSTUD j1�t�� 1429.4 37.0 1270.4 33.3 0.11

Level-1: IDCASE e1��t� 503.3 5.8 503.3 5.9 0.00

Total Variance 6256.3  5312.0  0.15

DIC:  171899.0  171874.7 (24.3) 
pD:  3492.7  3468.4 (24.3) 
Note:  N=18590 cases, 3718 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�

�
Table 5.4-8: Quiz or Test (Model I) compared with Model A 

MCMC Estimation  Unconditional Model 
(Model A) 

Quiz or Test (Model I) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.8 3.9 503.9 6.5 ** 

QUIZ OR TEST (NEVER)      
SOME LESSONS 0Ý1   -7.0 4.8 - 
ABOUT HALF THE LESSONS 0Ý
   -14.9 5.1 ** 
EVERY OR ALMOST EVERY LESSON 0Ý�   -20.6 5.3 ** 

 

Random Part  Total Proportion 
Reduction

Level-4: IDSCHOOL �1� 97.1 205.1 83.0 157.4 0.14

Level-3: IDTEACH  g1t�� 4263.6 410.8 3450.7 327.7 0.19

Level-2: IDSTUD j1�t�� 1417.7 36.6 1249.2 32.7 0.12

Level-1: IDCASE e1��t� 503.9 5.8 503.9 5.8 0.00

Total Variance 6282.3  5286.8  0.16

DIC:  172660.0  172633.8 (26.1) 
pD:  3506.0  3479.6 (26.4) 
Note:  N=18670 cases, 3734 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.4-9: Lecture-style presentation (Model J) compared with Model A 
MCMC Estimation  Unconditional Model 

(Model A) 
Lecture-style presentation  
(Model J) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.1 4.1 483.9 5.8 ** 

LECTURE-STYLE PRESENTATION (NEVER)      
SOME LESSONS 0Ý1   7.1 4.3 - 
ABOUT HALF THE LESSONS 0Ý
   13.9 4.3 ** 
EVERY OR ALMOST EVERY LESSON 0Ý�   12.7 4.1 ** 

 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 225.3 333.8 40.3 118.5 0.82

Level-3: IDTEACH  g1t�� 4148.3 442.8 3489.5 318.2 0.16

Level-2: IDSTUD j1�t�� 1420.9 36.9 1263.2 33.0 0.11

Level-1: IDCASE e1��t� 502.3 5.8 502.3 5.8 0.00

Total Variance 6296.8  5295.3  0.16

DIC:  172878.8  172855.1 (23.7) 
pD:  3513.1  3489.0 (24.1) 
Note:  N=18700 cases, 3740 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.4-10: Calculator (Model K) compared with Model A 

MCMC Estimation  Unconditional Model 
(Model A) 

Calculator (Model K) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.3 3.9 485.6 5.7 ** 

CALCULATOR (NEVER)      
SOME LESSONS 0Ý1   8.6 4.1 * 
ABOUT HALF THE LESSONS 0Ý
   12.6 4.2 ** 
EVERY OR ALMOST EVERY LESSON 0Ý�   9.4 4.3 * 

 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 94.0 184.1 24.8 70.4 0.74

Level-3: IDTEACH  g1t�� 4255.8 401.3 3471.5 308.8 0.18

Level-2: IDSTUD j1�t�� 1420.4 36.9 1265.3 33.2 0.11

Level-1: IDCASE e1��t� 503.6 5.8 503.6 5.8 0.00

Total Variance 6273.8  5265.3  0.16

DIC:  172836.1  172811.8 (24.3) 
pD:  3510.7  3486.6 (24.2) 
Note:  N=18690 cases, 3738 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 

�



(���
�

Table 5.4-11: Computer (Model L) compared with Model A 
MCMC Estimation  Unconditional Model 

(Model A) 
Computer   
(Model L) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.3 4.0 497.5 4.2 ** 

COMPUTER (NEVER)      
SOME LESSONS 0Ý1   -2.6 1.8 - 
ABOUT HALF THE LESSONS 0Ý
   -13.3 3.5 ** 
EVERY OR ALMOST EVERY LESSON 0Ý�   -17.3 4.0 ** 

 

Random Part  Total Proportion 
Reduction

Level-4: IDSCHOOL �1� 216.4 287.1 49.0 97.8 0.77 

Level-3: IDTEACH  g1t�� 4153.5 428.8 3415.0 310.1 0.18 

Level-2: IDSTUD j1�t�� 1420.1 36.9 1260.6 32.9 0.11 

Level-1: IDCASE e1��t� 503.5 5.8 503.5 5.8 0.00 

Total Variance 6293.5  5228.1  0.17 

DIC:  172598.6  172573.4 (25.1) 
pD:  3506.3  3481.4 (24.9) 
Note:  N=18665 cases, 3733 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.4-12: Computer for School Work (Model M) compared with Model A 

MCMC Estimation  Unconditional Model 
(Model A) 

Computer for School Work 
(Model M) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part      

CONSTANT 01 477.8 3.7 496.7 4.1 ** 

COMPUTER FOR SCHOOL WORK (NO TIME)      
A FEW TIMES A YEAR 0Ý1   3.8 1.7 * 
ONCE OR TWICE A MONTH 0Ý
   -0.5 1.9 - 
AT LEAST ONCE A WEEK 0Ý�   -4.1 2.6 - 

EVERY DAY 0ÝÝ   -30.5 4.9 ** 

Random Part    Total Proportion 
Reduction

Level-4: IDSCHOOL �1� 222.9 321.2 80.6 142.9 0.64 

Level-3: IDTEACH  g1t�� 4111.6 440.1 3311.9 315.7 0.19 

Level-2: IDSTUD j1�t�� 1431.2 37.1 1262.2 33.3 0.12 

Level-1: IDCASE e1��t� 501.9 5.8 501.9 5.9 0.00 

Total Variance 6267.6  5156.6  0.18 

DIC:  171619.0   171591.3 (27.6) 
pD:  3489.9  3463.2 (26.6) 
Note:  N=18565 cases, 3713 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Table 5.4-13: Procedures for Complex Problems (Model N) compared with Model A 
MCMC Estimation  Unconditional Model 

(Model A) 
Complex Problems  
(Model N) 

Response: BSMMATPV Coefficient s.e. Coef. s.e. Sig. 

Fixed Part    

CONSTANT 01 477.6 4.1 494.8 4.5 **

PROCEDURES FOR COMPLEX PROB (NEVER)      
SOME LESSONS 0Ý1   4.1 1.9 *
ABOUT HALF THE LESSONS 0Ý
   1.3 2.1 -
EVERY OR ALMOST EVERY LESSON 0Ý�   0.8 2.4 -

 

Random Part  Total Proportion
Reduction

Level-4: IDSCHOOL �1� 177.4 283.1 37.1 76.0 0.79 

Level-3: IDTEACH  g1t�� 4174.8 432.0 3495.2 312.2 0.16 

Level-2: IDSTUD j1�t�� 1430.1 37.2 1277.2 33.9 0.11 

Level-1: IDCASE e1��t� 500.3 5.8 500.4 5.8 0.00 

Total Variance 6282.7  5309.8  0.15 

DIC:  170821.8  170800.9 (20.9) 
pD:  3475.2   3453.5 (21.7) 
Note:  N=18485 cases, 3697 students, with 312 teachers, in 129 schools;  

 ** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95% 
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Appendix 5.4.2. Model of mathematics achievement (G8) with 
ALL control and predictor variables 

Table 5.4-14: Modelling all predictor and control variables (G8 Mathematics - Controls) 

BSMMATPV� BMATH_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size�

+/��
error�

OWN�LANGUAGE� � � � � �
ALMOST�ALWAYS� �1.8� 3.0� �� �0.05� �0.08
SOMETIMES� 3.9� 4.3� �� 0.10� 0.11
NEVER� �14.5� 7.4� �� �0.38� �0.20
BOOKS�AT�HOME� � � � � �
NONE�OR�VERY�FEW�(0�TO�10�BOOKS)� �15.0� 2.1� **� �0.40� �0.06
ONE�SHELF�(11�TO�25�BOOKS)� �8.2� 1.9� **� �0.22� �0.05
TWO�BOOKCASES�(101�TO�200�BOOKS)� 2.8� 2.1� �� 0.07� 0.06
THREE�OR�MORE�BOOKCASES�(OVER�200)� 13.9� 2.2� **� 0.37� 0.06
FORMATIVE�YEARS�IN�COUNTRY(UK)� � � � � �
ARRIVED�IN�UK�AGED�5�TO�10�YEARS� 4.5� 7.1� �� 0.12� 0.19�
ARRIVED�IN�UK�OLDER�THAN�10�YEARS� �14.7� 5.4� **� �0.39� �0.14�
GENDER� � � � � �
GIRL� �11.3� 1.5� **� �0.33� �0.04
WORK�IN�PAID�JOB� � � � � �
WKPJ_LESS�THAN�1�HOUR� �4.9� 2.5� �� �0.13� �0.07�
WKPJ_1�TO�2�HOURS� �1.3� 2.6� �� �0.03� �0.07�
WKPJ_MORE�THAN�2�BUT�LESS�THAN�4�HRS� �7.3� 3.3� *� �0.19� �0.09�
WKPJ_4�OR�MORE�HOURS� �12.0� 3.3� **� �0.32� �0.09�
PLAY�SPORTS� � � � � �
PLSP_LESS�THAN�1�HOUR� 0.2� 2.3� �� 0.01� 0.06�
PLSP_1�TO�2�HOURS� 4.5� 2.2� *� 0.12� 0.06�
PLSP_MORE�THAN�2�BUT�LESS�THAN�4�HOURS� �0.9� 2.4� �� �0.02� �0.06�
PLSP_4�OR�MORE�HOURS� �4.2� 2.5� �� �0.11� �0.07�
OUT�OF�SCHOOL�ACTIVITIES� � � � � �
(BSCLSOC�gm)^1� �6.7� 1.3� **� �0.30� �0.04�
(BSCLSOC�gm)^2� �2.7� 1.3� **� �0.35� �0.07�
(BSCLIND�gm)^1� 0.2� 1.1� *� �0.14� �0.07�
(BSCLIND�gm)^2� �2.2� 1.1� �� 0.02� 0.06�
(BSCLPD�gm)^1� 2.0� 2.1� *� �0.12� �0.06�
(BSCLPD�gm)^2� �11.8� 3.3� �� 0.10� 0.11�
(BSCLPD�gm)^3� 5.5� 2.0� **� �0.62� �0.17�
Note:�**�t�value>2.58�a�CI�of�99%;�*�t�value>1.96�a�CI�of�95%�
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Table 5.4-15: Modelling all predictor and control variables (G8 Mathematics - Predictors) 

BSMMATPV� G8MATH_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size�

+/��
error�

BS4MHFRR_R:SOME�LESSONS� 10.6 2.2� **� 0.28� 0.06�
BS4MHFRR_R:ABOUT�HALF�THE�LESSONS� 13.4 2.4� **� 0.36� 0.06�
BS4MHFRR_R:EVERY�OR�ALMOST�EVERY�LES.� 17.2 2.6� **� 0.46� 0.07�

BS4MHEXP_R:SOME�LESSONS� 2.9 3.5� �� 0.08� 0.09�
BS4MHEXP_R:ABOUT�HALF�THE�LESSONS� 4.7 3.5� �� 0.13� 0.09�
BS4MHEXP_R:EVERY�OR�ALMOST�EVERY�LES.� 4.6 3.4� �� 0.12� 0.09�

BS4MHMDL_R:SOME�LESSONS� �2.6 1.9� �� �0.07� �0.05�
BS4MHMDL_R:ABOUT�HALF�THE�LESSONS� �1.4 2.2� �� �0.04� �0.06�
BS4MHMDL_R:EVERY�OR�ALMOST�EVERY�LES.� �5.2 2.5� *� �0.14� �0.07�

BS4MHROH_R:SOME�LESSONS� 4.7 2.3� *� 0.12� 0.06�
BS4MHROH_R:ABOUT�HALF�THE�LESSONS� 3.3 2.4� �� 0.09� 0.06�
BS4MHROH_R:EVERY�OR�ALMOST�EVERY�LES.� 0.1 2.5� �� 0.00� 0.07�

BS4MHHQT_R:SOME�LESSONS� �15.0 5.1� **� �0.40� �0.14�
BS4MHHQT_R:ABOUT�HALF�THE�LESSONS� �21.3 5.4� **� �0.57� �0.14�
BS4MHHQT_R:EVERY�OR�ALMOST�EVERY�LES.� �22.4 5.7� **� �0.60� �0.15�

BS4MHWSG_R:SOME�LESSONS� �1.0 1.7� �� �0.03� �0.04�
BS4MHWSG_R:ABOUT�HALF�THE�LESSONS� �1.9 2.4� �� �0.05� �0.06�
BS4MHWSG_R:EVERY�OR�ALMOST�EVERY�LES.� �13.0 3.1� **� �0.35� �0.08�

BS4MHWPO_R:SOME�LESSONS� 3.7 3.5� �� 0.10� 0.09�
BS4MHWPO_R:ABOUT�HALF�THE�LESSONS� 6.2 3.4� �� 0.16� 0.09�
BS4MHWPO_R:EVERY�OR�ALMOST�EVERY�LES.� 14.2 3.5� **� 0.38� 0.09�

BS4MHLSP_R:SOME�LESSONS� 3.1 4.6� �� 0.08� 0.12�
BS4MHLSP_R:ABOUT�HALF�THE�LESSONS� 8.9 4.6� �� 0.24� 0.12�
BS4MHLSP_R:EVERY�OR�ALMOST�EVERY�LES.� 6.3 4.5� �� 0.17� 0.12�

BS4MHCAL_R:SOME�LESSONS� 6.4 4.4� �� 0.17� 0.12�
BS4MHCAL_R:ABOUT�HALF�THE�LESSONS� 11.3 4.6� *� 0.30� 0.12�
BS4MHCAL_R:EVERY�OR�ALMOST�EVERY�LES.� 11.6 4.7� *� 0.31� 0.13�

BS4MHCOM_R:SOME�LESSONS� �2.4 1.9� �� �0.06� �0.05�
BS4MHCOM_R:ABOUT�HALF�THE�LESSONS� �8.8 3.7� *� �0.23� �0.10�
BS4MHCOM_R:EVERY�OR�ALMOST�EVERY�LES.� �6.9 4.8� �� �0.18� �0.13�

BS4MCSWM_R:A�FEW�TIMES�A�YEAR� 4.8 1.8� **� 0.13� 0.05�
BS4MCSWM_R:ONCE�OR�TWICE�A�MONTH� 1.0 1.9� �� 0.03� 0.05�
BS4MCSWM_R:AT�LEAST�ONCE�A�WEEK� �1.2 2.7� �� �0.03� �0.07�
BS4MCSWM_R:EVERY�DAY� �24.2 5.3� **� �0.64� �0.14�

� �
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BSMMATPV� G8MATH_ALL_COMBINED_MODEL_IGLS�

Response� Coef.� S.E.� Sig� effect�
size�

+/�
error�

BS4MHGCT_R:SOME�LESSONS� 1.7 3.5� �� 0.05� 0.09�
BS4MHGCT_R:ABOUT�HALF�THE�LESSONS� �6.5 3.8� �� �0.17� �0.10�
BS4MHGCT_R:EVERY�OR�ALMOST�EVERY�LES.� �13.1 4.3� **� �0.35� �0.11�

BS4MHSCP_R:SOME�LESSONS� 3.5 2.0� �� 0.09� 0.05�
BS4MHSCP_R:ABOUT�HALF�THE�LESSONS� 1.3 2.3� �� 0.04� 0.06�
BS4MHSCP_R:EVERY�OR�ALMOST�EVERY�LES.� 3.6 2.8� �� 0.10� 0.07�
Note:�** t-value>2.58 a CI of 99%; * t-value>1.96 a CI of 95%
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Figure 5.4-1: Out-of-school activities against G8 mathematics achievement scores 
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