Longitudinal analysis on student monthly progress data

Basic information of our data: 

842 students, 
492 from Froest Grove (ID = 73) and 354 from Worcester East Middle (ID = 75)
Distribution on TeacherID:

	School
	TeacherID
	#students

	Forest Grove
	104
	111

	
	405
	133

	
	541
	121

	
	542
	127

	Worcester East
	106
	 37

	
	236
	114

	
	260
	 98

	
	642
	105


On average, each student has around 5.70 measurement occasions, maximum is 9 and minimum occasion number is 1. People with too few data waves are filtered out when we try to fit regression line for each student. 
CenteredMonth is centered TIME, representing the number of months since Sep. 2004. 
Input file: studentprogress.TXT. Next page gives the first 30 rows of the file. 
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- Use the bar graph to see the trend of mean MCASScore across TIME
GRAPH

  /BAR(SIMPLE)=MEAN(MCASScore) BY CenteredMonth .

[image: image1.emf]0 1 2 3 4 5 6 7 8 9 CenteredMonth 0.00 5.00 10.00 15.00 20.00 25.00 30.00 Mean MCASScore


DESCRIPTIVES

  VARIABLES=MCASScore

  /STATISTICS=MEAN STDDEV MIN MAX .


Descriptive Statistics

	 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	MCASScore
	4901
	.00
	54.00
	22.9672
	13.77174

	Valid N (listwise)
	4901
	 
	 
	 
	 


To see if MCASScore of students from the two schools differ, we split the data file by schoolName and describe again:
schoolName = ForestGrove


Descriptive Statistics(a)

	 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	MCASScore
	3074
	.00
	54.00
	24.3295
	13.69403

	Valid N (listwise)
	3074
	 
	 
	 
	 


a  schoolName = ForestGrove

schoolName = WorcesterEa


Descriptive Statistics(a)

	 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	MCASScore
	1827
	.00
	54.00
	20.6751
	13.60057

	Valid N (listwise)
	1827
	 
	 
	 
	 


a  schoolName = WorcesterEa

It turns out that mean score of students from Forest Grove is higher. But is the difference statistically significant? 
Independent Sample T-Test

T-Test

T-TEST

  GROUPS = schoolID(73 75)

  /MISSING = ANALYSIS

  /VARIABLES = MCASScore

  /CRITERIA = CI(.95) .


Group Statistics

	 
	schoolID
	N
	Mean
	Std. Deviation
	Std. Error Mean

	MCASScore
	73.0
	3074
	24.3295
	13.69403
	.24699

	 
	75.0
	1827
	20.6751
	13.60057
	.31819




Independent Samples Test

	 
	MCASScore

	 
	Equal variances assumed
	Equal variances not assumed

	Levene's Test for Equality of Variances
	F
	.142
	 

	 
	Sig.
	.706
	 

	t-test for Equality of Means
	t
	9.057
	9.072

	 
	df
	4899
	3857.274

	 
	Sig. (2-tailed)
	.000
	.000

	 
	Mean Difference
	3.65437
	3.65437

	 
	Std. Error Difference
	.40350
	.40280

	 
	95% Confidence Interval of the Difference
	Lower
	2.86332
	2.86465

	 
	 
	Upper
	4.44542
	4.44410


Variance equality test:  f = .142, p=.706. So variances of the two groups are equal. 
So we should use the result on the left when “equal variances assumed”.  We accept that the MCASScore of the two groups are different given t = 9.057, df = 4899, p < 0.05. The mean difference is 3.65437.
Since there are so many students in this data file, we omitted all plotted graphs. Graphs in this document are all drawn using a “toy” dataset with only 24 students (9 from Forest Grove and 15 from Worcester East Middle). We kept them here to give some idea of what we can do. 
igraph

  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /panel=var(studentID)

  /scalerange=var(MCASScore) min=0 max=54

  /line(mode) key=off style=dot.
Interactive Graph (Omitted for this dataset)
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igraph

  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /panel=var(studentID)

  /scalerange=var(MCASScore) min=0 max=54

  /line(mode) key=off style=dotline interpolate=spline.

Interactive Graph (Omitted for this dataset)
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sort cases by studentID.

split file by studentID.
REGRESSION (table 2.2 on the textbook)

  /DEPENDENT MCASScore

  /METHOD=ENTER CenteredMonth

  /OUTFILE=COVB('c:\longitude\spss\Assistment\table2.2.sav') .
split off.
Warning message: 


Warnings

	The dependent variable MCASScore has been deleted in split file studentID=142.00. Statistics cannot be computed.

	For models with dependent variable MCASScore, the following variables are constants or have missing correlations in split file studentID=142.00 : MCASScore, CenteredMonth. They will be deleted from the analysis.

	For models with dependent variable MCASScore, fewer than 2 variables remain in split file studentID=142.00. Statistics cannot be computed.


StudentID = 142, 253, 263, 265, 291, 300, 313, 323, 352,353, 358, 367, 378, 402, 487, 490, 509, 540, 554, 557, 564, 582, 592, 603, 687, 736, 747, 804, 822, 824, 827, 828, 890, 901, 976, 977, 1005, 1012, 1054, 1061, 1062, 1068, 1074, 1075, 1077, 1078, 1100, 1142, 1152, 1154, 1172, 1175, 1184, 1257, 1269, 1276, 1287, 1288, 1309, 1311, 1324, 1326, 1449, 1529, 1571, 1574, 1739, 1758, 1772, 2942, 2980, 4921, 5000, 5020, 5220, 5400, 5401, 5560, 5580, 5960
These students have too few waves of data (1 or 2 only). 

The first table of Model Summary gives the R-square column. The second table of ANOVA gives the Residual variance column. The last table of Coefficients gives the columns for Initial status and and for the Rate of change. The last two columns of Table 2.2 can be obtained from the original data set.
The result of this analysis is too long. So we made it as an appendix and just give a simple table showing intercept and slope for some students’ regression line. 
(Rows omitted in the following table)

	StudentID
	(Constant)
	CenteredMonth

	136
	16.877
	1.962

	137
	22.426
	1.024

	139
	21.767
	0.431

	140
	16.449
	1.583

	141
	12.571
	4.007

	143
	14.768
	0.267

	144
	25.51
	0.846

	145
	29.817
	1.183

	146
	13.012
	1.014

	147
	32.098
	-0.639

	148
	18.991
	-0.688

	149
	15.386
	0.228

	151
	15.59
	-0.144

	152
	5.647
	2.363

	153
	24.125
	0.782

	154
	13.877
	1.27

	155
	13.086
	-0.383

	156
	29.876
	-2.467

	157
	4.999
	-0.267

	158
	22.043
	0.718

	159
	5.595
	2.938

	160
	7.909
	2.704

	161
	17.07
	0.459

	162
	13.531
	0.388

	163
	9.668
	0.709

	164
	10.444
	0.498

	165
	4.86E-16
	3.682

	166
	10.065
	3.687

	187
	18.262
	1.171

	188
	40.544
	0.356

	189
	38.08
	0.494 

	1638
	43.2
	-10.8

	1639
	6.649
	2.551

	1640
	5.724
	3.464

	1641
	14.695
	-1.213

	1658
	-60.134
	20.592

	1678
	67.648
	-14.835

	1698
	33.204
	-2.095

	1761
	-1.713
	3.493

	1779
	32.211
	-2.523

	1820
	-6.96
	6.09

	1840
	8.064
	3.426

	2900
	6.312
	2.099

	2920
	41.94
	-2.34

	4880
	54
	-10.8

	4900
	9.855
	0.135

	4960
	-19.229
	3.914

	5080
	-35.839
	10.607

	5100
	1.538
	3.113

	5380
	53.546
	-2.721

	5600
	103.5
	-11.25

	5740
	108
	-9

	5940
	31.765
	-1.059

	Avg:
	16.5552141
	1.458637

	Correl
	-0.811104254
	


Totally, there are 767 students entering this analysis. They each must have at least 3 waves of data to enter this analysis. 201 with negative slopes and 2 with 0 slope. Others have positive slopes. 
Min slope: -24.429 (sid = 1046), Max slope: 54 (sid = 760)

[image: image4.emf]1.459 766 10.236 <.0001

Mean DF t-Value P-Value

Column 1

One Sample t-test

Hypothesized Mean = 0


Neil claims this result means when we average over all students, the average slope of 1.459 points per month is significantly different than zero. 
[image: image5.emf]16.555 765 27.369 <.0001

Mean DF t-Value P-Value

Column 1.2

One Sample t-test

Hypothesized Mean = 0


The intercept shown above is significantly different than 0. not surprising. 
Plot student’s score and fit with a regression line: 

Igraph (Omitted for this dataset)
  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /panel=var(studentID)

  /fitline method=regression linear line=total spike=off

  /scalerange=var(MCASScore) min=0 max=54

  /scatter.
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20 students show learning (slope > 0) .3 not clear and 1 (809) with slope < 0. 
Fit regression line with residual show up: (Omitted for this dataset)
igraph (Omitted for this dataset)
  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /panel=var(studentID)

  /fitline method=regression linear line=total spike=on

  /scalerange=var(MCASScore) min=0 max=54

  /scatter.
igraph (Omitted for this dataset)
  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /style=var(studentID)

  /scalerange=var(MCASScore) min=0 max=54

  /line(mode) key=off style=line interpolate=spline.
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igraph (Omitted for this dataset)
  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /style=var(studentID)

  /fitline method=regression linear line=total meffect spike=off

  /scalerange=var(MCASScore) min=0 max=54.
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Show regression lines separated by school:
igraph (Omitted for this dataset)
  /x1=var(CenteredMonth) type=scale

  /y=var(MCASScore) type=scale

  /style= var(studentID)

  /panel=var(schoolName)

  /fitline method=regression linear line=total meffect spike=off

  /scalerange=var(MCASScore) min=0 max=54.

1: forest grove/0 Worcester east
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Fitting multilevel mixed effect models for change to student MCAS Score progress data
title "Model A (unconditional Means Model)".

mixed MCASScore 

  /print=solution

  /method=ml

  /fixed=intercept

  /random intercept | subject(studentID).
Mixed Model Analysis



Model Dimension(a)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	Random Effects
	Intercept
	1
	Variance Components
	1
	studentID

	Residual
	 
	 
	1
	 

	Total
	2
	 
	3
	 


a  Dependent Variable: MCASScore.



Information Criteria(a)

	-2 Log Likelihood
	38966.168

	Akaike's Information Criterion (AIC)
	38972.168

	Hurvich and Tsai's Criterion (AICC)
	38972.173

	Bozdogan's Criterion (CAIC)
	38994.659

	Schwarz's Bayesian Criterion (BIC)
	38991.659


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

Fixed Effects


Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	789.134
	5231.199
	.000


a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	22.3801162
	.3094295
	789.134
	72.327
	.000
	21.7727140
	22.9875185


a  Dependent Variable: MCASScore.

Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual (within-person)
	136.6932275
	3.0290061

	 Intercept [subject = studentID]
	Variance
	53.0983953
	3.9390318


a  Dependent Variable: MCASScore.

We introduced TIME in model B. 
title "Model B (Uncondition Growth Model)".

mixed MCASScore with CenteredMonth

  /print=solution

  /method=ml

  /fixed = CenteredMonth

  /random intercept CenteredMonth | subject(studentID) covtype(un).

Mixed Model Analysis


Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	4
	 
	6
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.



Information Criteria(a)

	-2 Log Likelihood
	38507.263

	Akaike's Information Criterion (AIC)
	38519.263

	Hurvich and Tsai's Criterion (AICC)
	38519.280

	Bozdogan's Criterion (CAIC)
	38564.246

	Schwarz's Bayesian Criterion (BIC)
	38558.246


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

[I saw a big drop down on BIC and AIC when we introduced “MonthSinceSep” as a predictor, BIC from 38991.659 in previous model to 38558.246 in this model, AIC from 38972.168 to  38519.263. Neil concludes that time is an important factor. ]
Fixed Effects



Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	720.995
	1861.163
	.000

	CenteredMonth
	1
	632.696
	338.407
	.000


a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	16.7978675
	.3893695
	720.995
	43.141
	.000
	16.0334340
	17.5623010

	CenteredMonth
	1.2952802
	.0704116
	632.696
	18.396
	.000
	1.1570115
	1.4335488


a  Dependent Variable: MCASScore.

(Neil notes that the estimate of centeredMonth 1.295 is slightly different from the 1.459 we got before. Neil asks himself why is this number less. 

Covariance Parameters 


Estimates of Covariance Parameters(a)

(Ming: I labeled the parameters the same way as the text in red)

	Parameter
	Estimate
	Std. Error

	Residual (Ming: level 1, with-in person)
	119.1034928
	2.8818816

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1) (Ming: level 2, initial status)
	42.1773832
	6.1929821

	  
	UN (2,1) (Ming: level 2, covariance)
	-.4753372
	.9378772

	 
	UN (2,2) (Ming: level 2, in rate of change)
	.7531692
	.1990212


a  Dependent Variable: MCASScore.

[Also there is a big drop down on with-in person std dev estimation, from 136.6932275 in model A to 119.1034928 in model B. Even if we didn’t know the p-value of the second model, we can still tell that model B did a better job fitting MCASScore]
Next, throw in school as a predictor: 

title "Model C (schoolID added)".

mixed MCASScore with CenteredMonth schoolID

  /print=solution

  /method=ml

  /fixed = CenteredMonth schoolID CenteredMonth*schoolID

  /random intercept CenteredMonth  | subject(studentID) covtype(un).

I first used schoolName (values are Forest Grove and Worcester East) as predictor and I got this warning. Then I used “schoolId” (corresponding values are 73 and 75) instead. SchoolID’s data type is numeric but is measured “nominal”. I don’t how SPSS treat this column in this analysis. Is this the right to do it? 

Warnings

	The following non-numeric variables: schoolName are found in the list of covariate variables. Only variables with numeric types can be specified as covariates.

	This command is not executed.


Mixed Model Analysis



Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	 
	schoolID
	1
	 
	1
	 

	 
	CenteredMonth * schoolID
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	6
	 
	8
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.


Information Criteria(a)

	-2 Log Likelihood
	38474.117

	Akaike's Information Criterion (AIC)
	38490.117

	Hurvich and Tsai's Criterion (AICC)
	38490.147

	Bozdogan's Criterion (CAIC)
	38550.095

	Schwarz's Bayesian Criterion (BIC)
	38542.095


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

[AIC and BIC both dropped again. 

BIC from 38991.659 in model A to 38558.246 in Model B, and then 38542.095 in model C, AIC from 38972.168 (model A) to  38519.263 (Model B) , and to 38490.117. ]

Fixed Effects


Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	701.835
	35.876
	.000

	CenteredMonth
	1
	621.051
	2.344
	.126

	schoolID
	1
	699.877
	29.191
	.000

	CenteredMonth * schoolID
	1
	619.719
	3.144
	.077


a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	171.3525424
	28.6080509
	701.835
	5.990
	.000
	115.1849307
	227.5201540

	CenteredMonth
	-8.1031096
	5.2924684
	621.051
	-1.531
	.126
	-18.4964119
	2.2901927

	schoolID
	-2.0928420
	.3873576
	699.877
	-5.403
	.000
	-2.8533641
	-1.3323198

	CenteredMonth * schoolID
	.1270993
	.0716816
	619.719
	1.773
	.077
	-.0136691
	.2678677


a  Dependent Variable: MCASScore.

[In this model, p value for changing rate per month (second row in the table) is larger than 0.05. It is 0.126.  Neither the p-value for the covariance of TIME and school is less than .05. ]
Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual
	118.9252009
	2.8740662

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1)
	38.3076427
	5.9579462

	 
	UN (2,1)
	-.3519934
	.9191844

	 
	UN (2,2)
	.7751092
	.1994167


a  Dependent Variable: MCASScore.

[The standard dev. varies too, but not as much as from model A to model B. I saw that the estimated residual (with-in person) won’t change from model B to model C when I ran the sample data given on the web site for the text. 
Why would this number change here if we added no additional level-1 predictors?  According to the text, “estimates” can vary because of uncertainties arising from iterative estimation. “]
I manipulated the data to add 2 new, binary variables: ForestGrove and WorcesterEast. The value of the column will be set to be 1 if schoolname of the case is the same as the variable name. 
First, I want to see how initial status differs in the two schools. 

title "Model C (Does school affect initial status)".

mixed MCASScore with CenteredMonth ForestGrove

  /print=solution

  /method=ml

  /fixed = CenteredMonth ForestGrove

  /random intercept CenteredMonth  | subject(studentID) covtype(un).


Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	 
	ForestGrove
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	5
	 
	7
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.


Information Criteria(a)

	-2 Log Likelihood
	38477.257

	Akaike's Information Criterion (AIC)
	38491.257

	Hurvich and Tsai's Criterion (AICC)
	38491.280

	Bozdogan's Criterion (CAIC)
	38543.737

	Schwarz's Bayesian Criterion (BIC)
	38536.737


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

Fixed Effects


Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	898.982
	827.699
	.000

	CenteredMonth
	1
	633.804
	329.562
	.000

	ForestGrove
	1
	811.022
	30.714
	.000


a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	14.8856022
	.5174044
	898.982
	28.770
	.000
	13.8701410
	15.9010634

	CenteredMonth
	1.2801656
	.0705176
	633.804
	18.154
	.000
	1.1416893
	1.4186419

	ForestGrove
	3.3085026
	.5969810
	811.022
	5.542
	.000
	2.1366925
	4.4803127


a  Dependent Variable: MCASScore.

Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual
	119.0588226
	2.8787078

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1)
	38.2878108
	5.9687664

	 
	UN (2,1)
	-.3261458
	.9202327

	 
	UN (2,2)
	.7650101
	.1995879


a  Dependent Variable: MCASScore.

Then, consider school’s effect on changing rate. 
title "Model C (Does school affect changing rate)".

mixed MCASScore with CenteredMonth ForestGrove

  /print=solution

  /method=ml

  /fixed = CenteredMonth ForestGrove CenteredMonth*ForestGrove

  /random intercept CenteredMonth  | subject(studentID) covtype(un).

Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	 
	ForestGrove
	1
	 
	1
	 

	 
	CenteredMonth * ForestGrove
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	6
	 
	8
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.


Information Criteria(a)

	-2 Log Likelihood
	38474.117

	Akaike's Information Criterion (AIC)
	38490.117

	Hurvich and Tsai's Criterion (AICC)
	38490.147

	Bozdogan's Criterion (CAIC)
	38550.095

	Schwarz's Bayesian Criterion (BIC)
	38542.095


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

Fixed Effects


Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	641.013
	598.808
	.000

	CenteredMonth
	1
	579.753
	169.396
	.000

	ForestGrove
	1
	699.877
	29.191
	.000

	CenteredMonth * ForestGrove
	1
	619.719
	3.144
	.077


a  Dependent Variable: MCASScore.



Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	14.3893959
	.5880289
	641.013
	24.471
	.000
	13.2347001
	15.5440917

	CenteredMonth
	1.4293398
	.1098208
	579.753
	13.015
	.000
	1.2136447
	1.6450348

	ForestGrove
	4.1856839
	.7747152
	699.877
	5.403
	.000
	2.6646397
	5.7067281

	CenteredMonth * ForestGrove
	-.2541986
	.1433633
	619.719
	-1.773
	.077
	-.5357354
	.0273381


a  Dependent Variable: MCASScore.

Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual
	118.9252009
	2.8740662

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1)
	38.3076427
	5.9579462

	 
	UN (2,1)
	-.3519934
	.9191844

	 
	UN (2,2)
	.7751092
	.1994167


a  Dependent Variable: MCASScore.

p = 0.077 tells us students in different school do not significantly differ in learning rate.
What if we introduce more predictors? 
title "Model D (total item done added as predictor)".

mixed MCASScore with CenteredMonth totalDone

  /print=solution

  /method=ml

  /fixed = CenteredMonth totalDone CenteredMonth*totalDone

  /random intercept CenteredMonth  | subject(studentID) covtype(un).

Mixed Model Analysis


Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	 
	totalDone
	1
	 
	1
	 

	 
	CenteredMonth * totalDone
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	6
	 
	8
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.


Information Criteria(a)

	-2 Log Likelihood
	38084.037

	Akaike's Information Criterion (AIC)
	38100.037

	Hurvich and Tsai's Criterion (AICC)
	38100.067

	Bozdogan's Criterion (CAIC)
	38160.015

	Schwarz's Bayesian Criterion (BIC)
	38152.015


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	11.6820880
	.4623041
	1408.880
	25.269
	.000
	10.7752095
	12.5889664

	CenteredMonth
	1.6970566
	.0925866
	1522.013
	18.329
	.000
	1.5154457
	1.8786674

	totalDone
	.2390186
	.0182172
	4033.069
	13.121
	.000
	.2033029
	.2747343

	CenteredMonth * totalDone
	-.0135912
	.0049066
	4294.637
	-2.770
	.006
	-.0232107
	-.0039718


a  Dependent Variable: MCASScore.

Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual
	109.5012352
	2.6511721

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1)
	29.5457029
	5.2588850

	 
	UN (2,1)
	.3091297
	.8265747

	 
	UN (2,2)
	.8061529
	.1883631


a  Dependent Variable: MCASScore.

I’v seen “school” has effect on initial status. Given the result of above model, I want to combine them together to if the new model has a better fit. 

title "Model E (effect of totaldone on initial status and rates of change, controlling for the effect of School on initial status)".

mixed MCASScore with CenteredMonth totalDone ForestGrove   

  /print=solution

  /method=ml

  /fixed = CenteredMonth totalDone ForestGrove CenteredMonth*totalDone

  /random intercept CenteredMonth  | subject(studentID) covtype(un).
Mixed Model Analysis


Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	 
	totalDone
	1
	 
	1
	 

	 
	ForestGrove
	1
	 
	1
	 

	 
	CenteredMonth * totalDone
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	7
	 
	9
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.


Information Criteria(a)

	-2 Log Likelihood
	38063.890

	Akaike's Information Criterion (AIC)
	38081.890

	Hurvich and Tsai's Criterion (AICC)
	38081.927

	Bozdogan's Criterion (CAIC)
	38149.365

	Schwarz's Bayesian Criterion (BIC)
	38140.365


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

Fixed Effects


Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	1254.192
	340.730
	.000

	CenteredMonth
	1
	1521.958
	331.270
	.000

	totalDone
	1
	4041.456
	170.373
	.000

	ForestGrove
	1
	798.854
	20.442
	.000

	CenteredMonth * totalDone
	1
	4302.681
	8.126
	.004


a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	10.2591952
	.5557868
	1254.192
	18.459
	.000
	9.1688208
	11.3495695

	CenteredMonth
	1.6859778
	.0926320
	1521.958
	18.201
	.000
	1.5042779
	1.8676776

	totalDone
	.2375458
	.0181990
	4041.456
	13.053
	.000
	.2018658
	.2732259

	ForestGrove
	2.5513087
	.5642866
	798.854
	4.521
	.000
	1.4436492
	3.6589682

	CenteredMonth * totalDone
	-.0139793
	.0049040
	4302.681
	-2.851
	.004
	-.0235936
	-.0043649


a  Dependent Variable: MCASScore.

Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual
	109.4869226
	2.6502110

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1)
	27.5770937
	5.1510762

	 
	UN (2,1)
	.3452698
	.8186012

	 
	UN (2,2)
	.8144708
	.1888924


a  Dependent Variable: MCASScore.

From the result, I saw a drop-down on AIC, BIC and estimate and std. error of covariance parameters, say, level 2 initial status. 

Next introduce “Teacher” as a predictor. TeacherID may have the same problem as SchoolID (data type as numeric but measured as nominal)
I am not sure if this is the right to do this. (Maybe I should do the same thing as to schooled, say, adding new binary variables) I did it anyway. Here is the result:

Model Dimension(b)

	 
	Number of Levels
	Covariance Structure
	Number of Parameters
	Subject Variables

	Fixed Effects
	Intercept
	1
	 
	1
	 

	 
	CenteredMonth
	1
	 
	1
	 

	 
	totalDone
	1
	 
	1
	 

	 
	ForestGrove
	1
	 
	1
	 

	 
	teacherID
	1
	 
	1
	 

	 
	CenteredMonth * totalDone
	1
	 
	1
	 

	 
	CenteredMonth * teacherID
	1
	 
	1
	 

	Random Effects
	Intercept + CenteredMonth(a)
	2
	Unstructured
	3
	studentID

	Residual
	 
	 
	1
	 

	Total
	9
	 
	11
	 


a  As of version 11.5, the syntax rules for the RANDOM subcommand have changed. Your command syntax may yield results that differ from those produced by prior versions. If you are using SPSS 11 syntax, please consult the current syntax reference guide for more information.

b  Dependent Variable: MCASScore.


Information Criteria(a)

	-2 Log Likelihood
	38044.442

	Akaike's Information Criterion (AIC)
	38066.442

	Hurvich and Tsai's Criterion (AICC)
	38066.496

	Bozdogan's Criterion (CAIC)
	38148.911

	Schwarz's Bayesian Criterion (BIC)
	38137.911


The information criteria are displayed in smaller-is-better forms.

a  Dependent Variable: MCASScore.

Fixed Effects


Type III Tests of Fixed Effects(a)

	Source
	Numerator df
	Denominator df
	F
	Sig.

	Intercept
	1
	699.999
	230.896
	.000

	CenteredMonth
	1
	735.023
	94.855
	.000

	totalDone
	1
	4008.565
	175.536
	.000

	ForestGrove
	1
	802.595
	28.190
	.000

	teacherID
	1
	812.050
	15.216
	.000

	CenteredMonth * totalDone
	1
	4319.372
	8.588
	.003

	CenteredMonth * teacherID
	1
	.
	.680
	.


a  Dependent Variable: MCASScore.


Estimates of Fixed Effects(a)

	Parameter
	Estimate
	Std. Error
	df
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	12.7071832
	.8362592
	699.999
	15.195
	.000
	11.0653064
	14.3490599

	CenteredMonth
	1.5998297
	.1642645
	735.023
	9.739
	.000
	1.2773462
	1.9223131

	totalDone
	.2407248
	.0181693
	4008.565
	13.249
	.000
	.2051029
	.2763467

	ForestGrove
	2.9971825
	.5644977
	802.595
	5.309
	.000
	1.8891163
	4.1052486

	teacherID
	-.0076282
	.0019555
	812.050
	-3.901
	.000
	-.0114667
	-.0037897

	CenteredMonth * totalDone
	-.0143842
	.0049084
	4319.372
	-2.930
	.003
	-.0240072
	-.0047611

	CenteredMonth * teacherID
	.0003112
	.0003773
	.
	.825
	.
	.
	.


a  Dependent Variable: MCASScore.

It seems teacherID does affect initial status. But I don’t know why the value (df, p) for the parameter, the covariance between CenteredMonth and teacherID is blank, which prevent me from telling if teacher matters for learning rate. 
Covariance Parameters


Estimates of Covariance Parameters(a)

	Parameter
	Estimate
	Std. Error

	Residual
	109.6615688
	2.6560039

	Intercept + CenteredMonth [subject = studentID]
	UN (1,1)
	24.8022501
	5.0588338

	 
	UN (2,1)
	.4983544
	.8101724

	 
	UN (2,2)
	.8080083
	.1882571


a  Dependent Variable: MCASScore.

