Value Added Measure for learners aged 16 to 18 years old in 2009/10 specified at subject and qualification level

VA technical specification for the Learner Achievement Tracker
MLM processes
Stages II -IV
Purpose of Specification

This specification details:

· How to calculate prior attainment

· How to calculate output attainment

· How to select what students/ exams are included in calculation

· How to calculate national coefficients of expected attainment

· How to calculate Value Added scores per subject/ qualification

· How to aggregate Value Added scores
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Introduction 
The stages and processes corresponding to the calculation of the VA scores are divided into stages 2, 3 and 4. Previous steps are described in the technical specifications of data preparation and continue in the technical specification of the calculation of the VA scores.
Stage II – Specification of data subsets

Input: Table 3.
Processes: 

· selection of data subsets (section 8)

· specification of data for calculation of the national coefficients (section 9)

· specification of data for calculation of Value Added scores (section 10)

· grouping of subjects (section 11)

Output: Table 5 and Table 6.

Stage III – Multi-Level Modelling estimation

Input: Table 5.

Processes: 

· creation of subsets for each subject/ qualification (section 12)

· defining the specification/ equation (section 13)

· running the MLM regressions (section 13) 

· output from MLM (national coefficients) (section 14)

Output: Table 10.

Stage IV – Transposition of coefficients
Input: Table 4 and Table 10.
Processes: 

· calculation of key coefficients and variance-covariance matrix (section 15).
Output: Table 11.
Data Flow
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 Stage II - Specification of data subsets for MLM
Input: Table 3. 

Processes: 

· selection of data subsets (section 8)

· specification of data for calculation of the national coefficients (section 9)

· specification of data for calculation of VA scores (section 10)

· grouping of subjects (section 11)

Output: Table 5 and Table 6.




Input to Stage II
Table 3: Format of the data file provided by the checking contractor (YYMMDD_VA_BASE.CSV)
	Field Name
	Description
	Width
	Type of field

	RECORDID 
	Unique ID for each record
	15
	Integer

	CAND
	Candidate serial number
	7
	Integer

	FFT_ID
	FFT Matching ID
	10
	Integer

	SUBLEVNO 
	Qualification and Assessment Code
	3
	Integer

	MAPPING
	LEAP/ LDCS code used to map to subject
	4
	Alpha-Numeric

	GNUMBER
	Qualification reference number of the aim (equivalent to A09 in the ILR)
	8
	Alpha-Numeric

	SUBJNAT
	Subject code for national comparisons
	5
	Integer

	SSA
	Sector Subject Area
	5
	Integer

	POINTS_ORIG
	Outcome attainment in QCA points (note this arrives from FFT with the name POINTS)
	6
	F7.2

	POINTS
	Outcome attainment in rebased QCA points (calculated by Data Service from FFT file)
	6
	F4.2

	GRADE
	Outcome grade
	4
	Alpha-Numeric

	PRIOR
	Average QCA prior attainment score
	7
	F7.4

	PRIORC
	Average QCA prior attainment score centred
	10
	F10.3

	PRIOR2C
	Square average QCA prior attainment score centred and standardized
	10
	F10.3

	PRIOR3C
	Cubic average QCA prior attainment score centred and standardized
	10
	F10.3

	PRIOR4C
	Quartic average QCA prior attainment score centred and standardized
	10
	F10.3

	CONS
	Derived constant – 1 in all cases
	1
	Integer

	GENDER
	Gender - 0 is male and 1 is female
	1
	Integer

	ETHNICIT
	Learner Ethnicity
	2
	Integer

	POSTCODE
	Learner Postcode
	8
	Alpha-Numeric

	SEN
	Learner Special Educational Needs
	2
	Integer

	LAESTAB 
	DfE number of institution where learner is registered
	7
	Integer

	ADFECN 
	DfE number of institution where exam for this aim was entered for
	7
	Integer

	PROV_MAIN
	DfE numbers used in the calculation (renamed LAESTAB in later files)
	7
	Integer

	INST_VAR
	Indicator of which DfE number is used for the LAESTAB variable
	1
	Integer

	PROV_TYP
	Provider type
	1
	Integer

	SURNAME
	Surname
	50
	Alpha-Numeric

	FORNAME
	Forename(s)
	50
	Alpha-Numeric

	UPIN
	Unique Provider Identification Number 
	6
	Integer

	UKPRN
	United Kingdom Provider Reference Number
	6
	Integer

	YEAR
	Academic year of data
	4
	Integer

	AGE

	Academic age of the learner
	3
	Integer


Stage II:  Specification of data subsets

This stage specifies the format of the data sets that are used in the calculation of the value added measure. The input needed to generate these outcomes is given in table 3. The data preparation outlined here is partially required to get the data tables in the correct format for the multi level modelling software used by the YPLA and Data Service. 
Section 8 – Selection of data subsets
1.
The file created in stage one enables processing of the data.  This file has two uses, as:


a)  the base data file as input to the calculation of the national coefficients which define the expected levels of attainment for each record.
b)  the base data file as input to the calculation of the VA scores that are calculated based on these expected levels of attainment.

Section 9 – Specification of data for calculation of the national coefficients
1.
The multi level modelling process needs to look at each qualification and subject separately. For example A level History needs to be modelled separately from A level Biology. To enable this to happen the main file outlined in table 3 needs to split into a set of separate files based on the SUBLEVNO and SUBJ codes. Each of the new file should only have a single SUBLEVNO and a single SUBJ.
2.
Not all the fields outlined in table 3 are required for the MLM process. Table 5 outlines the fields that are required. 
3.
Records where prior attainment is zero or we do not have any data regarding prior attainment for a learner are removed.  Therefore, records where PRIOR = 0 or PRIOR = -99 are removed.

Table 5: MLM input data set (YYMMDD_VA_MLM_FILE.dat)
	Field name
	Original width
	Converted width
	Field description

	CAND
	7
	9
	DfE candidate serial number

	LAESTAB
	7
	9
	DfE latest institution number (named PROV_MAIN in Table 3)

	SUBLEVNO
	3
	5
	Qualification and assessment code

	SUBJNAT
	5
	7
	Subject code derived from LEAP/ LDCS code

	SSA
	**
	7
	Numeric sector subject area code

	PRIORC
	7
	9
	Average QCA prior attainment score centred

	PRIOR2C
	***
	10
	Square average QCA prior attainment score centred and standardized

	PRIOR3C
	***
	10
	Cubic average QCA prior attainment score centred and standardized

	PRIOR4C
	***
	10
	Quartic average QCA prior attainment score centred and standardized

	POINTS
	6
	8
	Outcome attainment in rebased QCA points

	RECORDID
	15
	17
	Unique identifier for each record


Section 10 – Specification of data for calculation of VA scores
1.
The following fields are deleted: SSA, PRIORC, PRIORC2, PRIORC3 and PRIOR4C.  The variables relating to prior attainment are only required for MLM calculations and the SSA field is only needed when assigning small subjects to a national line.  This is discussed in more detail below.  Table 6 details the content of the base data file for calculating VA scores.
Table 6: Content of base data file for calculation of VA scores

	Field name
	Field description
	Width
	Type of field

	ID
	Unique identifier for each record
	15
	Integer

	CAND
	DfE candidate serial number
	7
	Integer

	SUBLEVNO
	Qualification and assessment code
	3
	Integer

	SUBJ
	Subject code derived from LEAP/ LDCS codes 
	5
	Integer

	SUBJNAT
	Subject code for national comparisons
	5
	Integer

	POINTS
	Outcome attainment in rebased QCA points
	6
	F4.2

	GRADE
	Grade Achieved 
	5
	Alpha – Numeric

	PRIOR
	Average QCA prior attainment score
	7
	F7.4

	GENDER
	Gender - 0 is male and 1 is female
	1
	Integer

	LAESTAB
	DfE latest institution number
	7
	Integer

	SURNAME
	Surname
	50
	Alpha – Numeric

	FORNAME
	Forename(s)
	50
	Alpha – Numeric

	VA
	Raw VA score
	6
	F6.2

	UPIN
	Unique provider number
	6
	Integer

	UKPRN
	UK Register of Learning Providers Number
	6
	Integer

	YEAR
	Academic year of data
	4
	Integer


Section 11 - Grouping of subjects 

1.
It is not possible to obtain reliable results for a subjects in a qualification when less than 80 exams have been achieved nationally.  

2.
For these ‘small subjects’ the attainment is compared against the national lines of either all exams in a Sector Subject Area (SSA) for that subject in the qualification or against all exams within the qualification, according to the following rules:  

Level 1: Assess against all exams in the SSA if the number of exams in the subject is less than 80, and the number of exams in the SSA for that qualification is greater or equal to 80

Level 2: Assess against all exams in the qualification, if the number of exams in the subject is less than 80, and the number of exams in the SSA for that qualification is less than 80.

3.
VA scores can then be calculated for each small subject, but by comparing performance against the SSA/ Qualification or Qualification national line.

Output of stage II

Table 5: MLM input data set (YYMMDD_VA_MLM_FILE.dat)
	Field name
	Original width
	Converted width
	Field description

	CAND
	7
	9
	DfE candidate serial number

	LAESTAB
	7
	9
	DfE latest institution number

	SUBLEVNO
	3
	5
	Qualification and assessment code

	SUBJNAT
	5
	7
	Subject code derived from LEAP/ LDCS code

	SSA
	**
	7
	Numeric sector subject area code

	PRIORC
	7
	9
	Average QCA prior attainment score centred

	PRIOR2C
	***
	10
	Square average QCA prior attainment score centred and standardized

	PRIOR3C
	***
	10
	Cubic average QCA prior attainment score centred and standardized

	PRIOR4C
	***
	10
	Quartic average QCA prior attainment score centred and standardized

	POINTS
	6
	8
	Outcome attainment in rebased QCA points

	RECORDID
	15
	17
	Unique identifier for each record


Table 6: Content of base data file for calculation of VA scores

	Field name
	Field description
	Width
	Type of field

	ID
	Unique identifier for each record
	15
	Integer

	CAND
	DfE candidate serial number
	7
	Integer

	SUBLEVNO
	Qualification and assessment code
	3
	Integer

	SUBJ
	Subject code derived from LEAP/ LDCS codes 
	5
	Integer

	SUBJNAT
	Subject code for national comparisons
	5
	Integer

	POINTS
	Outcome attainment in rebased QCA points
	6
	F6.2

	GRADE
	Grade Achieved 
	5
	Alpha – Numeric

	PRIOR
	Average QCA prior attainment score
	7
	F7.4

	GENDER
	Gender - 0 is male and 1 is female
	1
	Integer

	LAESTAB
	DfE latest institution number
	7
	Integer

	SURNAME
	Surname
	50
	Alpha – Numeric

	FORNAME
	Forename(s)
	50
	Alpha – Numeric

	VA
	Raw VA score
	6
	F6.2

	UPIN
	Unique provider number
	6
	Integer

	UKPRN
	UK Register of Learning Providers Number
	6
	Integer

	YEAR
	Academic year of data
	4
	Integer




Stage III – MLM Estimation 

Input: Table 5.

Processes: 

· creation of subsets for each subject/ qualification (section 12)

· defining the specification/ equation (section 13)

· running the MLM regressions (section 13)
· output from MLM (national coefficients) (section 14)

Output: Table 10.


 Input to Stage III

Table 5: MLM input data set (YYMMDD_VA_MLM_FILE.dat)
	Field name
	Original width
	Converted width
	Field description

	CAND
	7
	9
	DfES candidate serial number

	LAESTAB
	7
	9
	DfES latest institution number

	SUBLEVNO
	3
	5
	Qualification and assessment code

	SUBJNAT
	5
	7
	Subject code derived from LEAP/ LDCS code

	SSA
	**
	7
	Numeric sector subject area code

	PRIORC
	7
	9
	Average QCA prior attainment score centred

	PRIOR2C
	***
	10
	Square average QCA prior attainment score centred and standardized

	PRIOR3C
	***
	10
	Cubic average QCA prior attainment score centred and standardized

	PRIOR4C
	***
	10
	Quartic average QCA prior attainment score centred and standardized

	POINTS
	6
	8
	Outcome attainment in rebased QCA points

	RECORDID
	15
	17
	Unique identifier for each record


Stage III: MLM estimation

Section 12 – Creation of subsets
1.
The basic dataset, table 5, is uploaded into SPSS and sorted by exam record (e.g. each instance of a learner sitting the exam) and institution code.  The exam record represents level 1 of the multi level model and the institution code level 2. 

Creation of subsets

2.
Subsets of data are generated for each subject/ qualification to allow calculation of the national lines for each subject/ qualification.

i. Define a sub set of data based on a specific subject and save as an independent file, e.g. (subject = 11010 & sublevno = 111) would be the criteria to select all exam records for subject A-level Biology. 

ii. Create a file for the subset of data for the calculation of the specific national line

Section 13 - Defining the specification/ equation 

1.
The core of the calculation of the VA scores is the statistical model that establishes the relationship between the prior attainment of an individual (for example how they did in their GCSEs) and their output attainment in a subject qualification (how they did in A level Biology). This relationship is determined by means of the following model and applying a statistical technique called Multi Level Modelling (MLM). 
2.
The model attempts to fit a polynomial equation to explain the relationship. Where there are more than 5000 records a fourth order polynomial (quartic) is used. Where less records are available or it is not possible to fit a quartic equation then a simpler third order (cubic) or second (quadratic) polynomial is used instead. The underlying principle of MLM is that for each qualification/subject, the same equation can be used to express both the national average performance (the national line) and the performance of individual providers (the provider lines) by varying specific parameters. This variation of individual parameters is referred to as the “institution effects”. 

3.
The outcome of the modelling is information required to a specify the expected outcome attainment for each level of prior attainment. This will be represented as a curved line. The national average performance is known as the “national line”. There will also be similar lines specified that represent the expected performance of individual institutions known as “provider lines”.


[image: image2]
Example of the type of curve specified by

the MLM process.

4. 
As mentioned in section 12, there are two levels in this model: Level 1 is the exam record (i), and level 2 is institution (j). This means the model assumes that individual learners and different institutions will perform differently, however it does not take account of any other grouping factor such as regional location or gender when trying to explain the relationship.
5.
The model specified allows for random parameters from the intercept up to the quadratic term of the equation. The cubic (
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) and quartic (
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)  terms are fixed, and thus the same for all cases whereas the intercept (
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), linear (
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) and quadratic (
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) terms will vary between the national line and the lines for each individual institution. The size of this variation is represented by the 
[image: image8.wmf]ij

m

terms which will be different for each institution.
6. 
The default model is presented below. There are three parts to the model. The Main Equations specify the national and provider lines that will be used to calculate the expected attainment (i.e. predicting what grade a learner is likely to get on their course). The Variance specifies the difference between how individual institutions perform compared with the national average line (for example some providers will be above average and some will be below average). These are the differences from the national line that the model can explain. Finally there is an Error term that accounts for the variations the model cannot account for. The error is the difference between the individual results (how Joe Bloggs did) and what the provider line predicts for that particular prior attainment.
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Where,
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is the output attainment  rebased
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 is the average prior attainment 
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 is the coefficient corresponding to each variable (pronounced beta)
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 is the term for the institutional effect (pronounced mu)
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 is the error term of the model (pronounced epsilon)
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 is the variance or covariance of the coefficients
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 is the variance of the error term (pronounced sigma)
 i     represents each learner (level 1 of the model)

 j     represents each institution (level 2 of the model)
7.
Depending on the number of observations per file, a specific model has to be run. Table 7 below shows the different model options given the number of examination records available in each file.

Table 7: Model specification according to the number of examination records

	Type of model
	Number of exam records
	Conditions
	Model

	A
	More than 5000
	None
	Fixed quartic with institution effects on the quadratic, linear and intercept terms.

	B
	1001-5000
	None
	Fixed cubic with institution effects on the linear and intercept terms.

	C
	501-1000
	Number of exam records must be greater or equal to eight times the number of institutions. (exam records>=8*institutions)
	Fixed cubic with institution effects on the linear and intercept terms.

	D
	501-1000
	Number of exam records must be less than eight times the number of institutions. (exam records<8*institutions)
	Fixed cubic with institution effects on the intercept term.

	E
	80-500
	None
	Fixed quadratic with institution effects on the intercept term.


8. 
If the number of examination records in the model is less than 80 then it is not recommended to be used to estimate any model, but rather is combined with another subject following the criteria defined in section 12. 

9. 
Depending on the criteria shown in Table 7 above, the model is adjusted in each file before running the regressions. All model specifications are in Annex A.

Running the MLM regressions 

10. 
The procedures describe how the national lines are generated, such as the vector of coefficients betas (() and the variance covariance matrix that describe the national estimates of expected attainment per subject per qualification. 

11.
Iterative Generalized Linear Squares (IGLS) is used to determine the coefficients of the regressions.  When conducting the IGLS estimation, it is important to ensure that the matrix of variance-covariance of the terms is positive definitive
. This means that the eigenvalues of variance-covariance matrix should all be greater than zero. Where the matrix is not positive definite it implies that the underlying data does not fulfil all the criteria of the specified model. In most cases this will still give a sensible result. However, where the matrix is not positive definite it is advised to re-run the data fitting a lower order equation to help ensure a valid result.
Section 14 - Output from MLM (national coefficients)

1.
The output of the MLM estimation is then going to be used in the calculation of the VA scores. Depending on the software used the outputs at this stage may still need to be combined into a single file using a compiler. The description of the outputs and the compiler process used in the LAT VA calculation is outlined in the MLM operational manual.  
2.  The final set of national coefficients is obtained by combining the output of all the relevant MLM runs.  In this final file, each row represents a subject/qualification combination. 
Output of stage III

Table 10: Structure of compiled output file (YYMMDD_VA_BETA.csv) 
	Field name
	Field description
	Width
	Type of field

	SUBLEVNO
	Qualification and assessment code
	3
	Integer

	SUBJ
	Subject code derived from LEAP/ LDCS code
	5
	Integer

	SUBJNAT
	Numerical subject mapping used for MLM
	5
	Integer

	VARB0
	Variance of (0  (intercept term)
	7
	F7.3

	COVARB01
	Covariance of B0,B1
	7
	F7.3

	VARB1
	Variance of B1 (linear term)
	7
	F7.3

	COVARB02
	Covariance of B0,B2
	7
	F7.3

	COVARB12
	Covariance of (1,B2
	7
	F7.3

	VARB2
	Variance of B2 (quadratic term)
	7
	F7.3

	VARERR
	Variance of error term (level 1 error)
	7
	F7.3

	N
	Number of exam records in model for each qual/subject
	6
	Integer

	B0
	Intercept
	7
	F7.3

	B1
	Coefficient of PRIORC
	7
	F7.3

	B2
	Coefficient of PRIORC square
	7
	F7.3

	B3
	Coefficient of PRIORC cubic
	7
	F7.3

	B4
	Coefficient of PRIORC quartic
	7
	F7.3

	YEAR
	Academic year of data
	4
	Integer


Stage IV - Transformation of coefficients

Input: Table 4 and Table 10.

Processes: 

· Calculation of the key coefficients and variance-covariance matrix (section 15)

Output: Table 11.

 
Input to Stage IV
Table 4: MLM Catalyst file (YYMMDD_VA_CATA.csv)

 As produced in stage 1, section 5. The catalyst file covers the whole dataset and does not vary for individual qualifications.
	Parameter
	Description
	Width
	Type of field

	C
	Average of Prior
	10
	F10.3

	C2
	Average of Prior2
	10
	F10.3

	C3
	Average of Prior3
	10
	F10.3

	C4
	Average of Prior4
	10
	F10.3

	S2
	Standard deviation of Prior2
	10
	F10.3

	S3
	Standard deviation of Prior3
	10
	F10.3

	S4
	Standard deviation of Prior4
	10
	F10.3

	YEAR
	Academic year of data
	4
	Integer


Table 10: Structure of compiled output file (YYMMDD_VA_BETA.csv)

	Field name
	Field description
	Width
	Type of field

	SUBLEVNO
	Qualification and assessment code
	3
	Integer

	SUBJ
	Subject code derived from LEAP/ LDCS code
	5
	Integer

	SUBJNAT
	Numerical subject mapping used for MLM
	5
	Integer

	VARB0
	Variance of (0
	7
	F7.3

	COVARB01
	Covariance of B0,B1
	7
	F7.3

	VARB1
	Variance of B1
	7
	F7.3

	COVARB02
	Covariance of B0,B2
	7
	F7.3

	COVARB12
	Covariance of (1,B2
	7
	F7.3

	VARB2
	Variance of B2
	7
	F7.3

	VARERR
	Variance of error term
	7
	F7.3

	N
	Number of exam records in model per qual/subject
	6
	Integer

	B0
	Intercept
	7
	F7.3

	B1
	Coefficient of PRIORC
	7
	F7.3

	B2
	Coefficient of PRIORC square
	7
	F7.3

	B3
	Coefficient of PRIORC cubic
	7
	F7.3

	B4
	Coefficient of PRIORC quartic
	7
	F7.3

	YEAR
	Academic year of data
	4
	Integer


Stage IV:  Calculating VA components

Stage 1, section 5 of the calculation outlined the calculations for “centring” the main coefficients, creating a set of variables called PRIORC, PRIOR2C, PRIOR3C and PRIOR4C. The outputs of the multi level modelling specify the national and provider lines in relation to these “centred” variables. This stage specifies the “de-centring” of the outputs of the MLM process. This outcome of this is a set of coefficients that can be applied to raw prior attainment scores and specify the curves shown in the national comparison chart reports. This calculation uses the national beta coefficients and the MLM catalysts.  

The “centring” and “decentring” of the variables outlined in stage I, section 5 and in stage IV are done to optimise the calculation process. They are not an essential part of the calculation and could be removed if desired. The mathematics in this section were developed and testing by the original LAT development team and have been independently checked.
Section 15 – Calculation of key coefficients and variance-covariance matrix

1.
Once the base dataset is ready, it is necessary to set up the elements that are used to calculate the VA scores.  

Inputs/ outputs/ transients
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Calculation of national covariance matrix

2.
Construct matrix A, using catalyst values, denoted by the following matrix structure

A = 
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3.
Calculate structure of S (national covariance matrix) using the following equation





S = AT S* A 


where S* is the variance-covariance matrix from S-Plus for a given qualification / subject, the structure of which is denoted by the following matrix structure
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4.
Values for variables in the matrix are taken from the MLM compiled file as supplied by the MLM unit.

Calculation of key coefficients

5.
Calculation of each of the key gamma coefficients 
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 is given by the following set of equations
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6.
The calculation of the key coefficients and corresponding national covariance matrix takes place for each record set within the MLM compiled file. This corresponds to each qualification/ subject pairing.

7. The gamma coefficients 
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 are published with the LAT release on an annual basis for all qualifications and subjects in scope for the LAT Value Added measure. These coefficients specify the underlying relationship between prior attainment and outcome attainment and are used in the LAT VA Ready Reckoner tool. 
Output of stage IV
Table 11: Structure of compiled output file of key coefficients (YYMMDD_VA_KEY_COEF.csv)

	Field name
	Field description
	Width
	Type of field

	SUBLEVNO
	Qualification and assessment code
	3
	Integer

	SUBJ
	Subject code derived from LEAP/ LDCS code
	5
	Integer

	SUBJNAT
	Subject code for national comparisons
	5
	Integer

	VARGAM0
	Variance of (0
	8
	F8.5

	COVGAM01
	Covariance of (0,(1
	8
	F8.5

	VARGAM1
	Variance of (1
	8
	F8.5

	COVGAM02
	Covariance of (0, (2
	8
	F8.5

	COVGAM12
	Covariance of (1, (2
	8
	F8.5

	VARGAM2
	Variance of (2
	8
	F8.5

	VARERR
	Variance of error term
	8
	F8.5

	N
	Number of exam records in model per qual/subject
	6
	Integer

	GAMMA0
	Intercept (0
	7
	F7.3

	GAMMA1
	Coefficient of PRIORC ((1)
	7
	F7.3

	GAMMA2
	Coefficient of PRIORC square ((2)
	7
	F7.3

	GAMMA3
	Coefficient of PRIORC cubic ((3)
	9
	F9.6

	GAMMA4
	Coefficient of PRIORC quartic ((4)
	9
	F9.6

	YEAR
	Academic year of data
	4
	Integer


Annex A:  Modelling rules for MLM

According to the number of observations per subject/qualification that is going to be available, certain rules may apply. It is up to the corresponding analyst to determine whether a full model can be carried on, or weather the rules would apply.

The rules are:

A.
If file contains more than 5001 observations, run a full model:
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B.
If the file contains between 1001 and 5000 observations, then the model is:
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C.
If the file contains between 501 and 1000 observations, and the total number of observations is larger or equal than 8 times the number of institutions, then the model is identical to the one above

D.
If the file contains between 501 and 1000 observations, and the total number of observations is less than 8 times the number of institutions, then the model is as follows: 


[image: image36.wmf]ij

j

o

oij

ij

ij

ij

oij

ij

x

x

x

y

e

m

b

b

b

b

b

b

+

+

=

+

+

+

=

0

3

3

2

2

1



[image: image37.wmf][

]

(

)

[

]

[

]

(

)

[

]

2

2

0

0

:

,

0

~

:

,

0

~

e

e

e

m

m

m

s

e

s

m

=

W

W

N

=

W

W

N

ij

j


E.
If the file contains between 81 and 500 observations, then the model is:
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F.
If the file contains less than 80 observations, then it is not possible to estimate this model. 


































































































































































































































































































































Base VA score file


Section 18, Table 13.





Stage VI





DfE





LAT aggregated output


SSA output file.


Section 24, Table 17





LAT aggregated


output for SCAAT.


Section 24, Table 16





Shrinkage Factor


Section 18, Table 14.





Compiled output file of key coefficients


Section 15, Table 11.





Compiled MLM output file


Section 14, Table 10.





MLM Catalyst file produced by contractor


Section 5, Table 4.





Stage VII





Stage V





Stage IV





Stage III





Stage II





Stage I





Institutions





Institutions and inspectors





LAT aggregated


output file.


Section 24, Table 15





Data extracted for MLM input


Section 9, Table 5.





VA calculation





Base data set for VA calculations Section 10, Table 6.





Base data file produced by contractor Section 5, Table 13.































































































































































































� The academic age is only required for learners that are out of scope for the VA measure, that is those learners included in the YYMMDD_VA_EXCLUDED.CSV file


� For more information about the nature of the details of the iterative process, please consult the MLM operation manual and the operational manual for the MLM software being used (for example S plus or R). 


� Throughout this document super-script T denotes Transpose of a matrix.


� Note this is a symmetric matrix
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