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Supplemental Materials Section A: Details on IRT Models
Scoring Individuals at One Timepoint
Unidimensional IRT models
For Likert-type items, item calibration and scoring can be accomplished using the graded response model (GRM; Samejima, 1969).  Let there be  items and  individuals. Let the response from individual i to item j be where  has K response categories. It can be assumed that  takes integer values from (). Let the cumulative category response probabilities be

	
	
	

	
	
	(1) 

	
	
	


The category response probability is the difference between two adjacent cumulative probabilities
	
		
	(2) 





where  is equal to 1 and  is zero. The item parameter  is the slope parameter describing the relationship between item j and the latent factor  and  are a set of  (strictly ordered) intercept parameters.  
In the unidimensional case, the logit in Equation 1 can be re-expressed in a more convenient slope-threshold form as , where  is the threshold (also referred to as severity or difficulty) parameter for category . The th threshold denotes the point on the latent variable separating category  from category . However, the slope-threshold form does not generalize well to multidimensional models, so the slope–intercept parameterization is adopted for all remaining IRT models presented.
We use the unidimensional IRT model for our second and third motivating example as well, with the only difference between the two conditions being which sample is used for calibration. Therefore, we do not repeat the unidimensional model formulation again below. 
Calibration and Scoring with Multiple Groups at One Timepoint
Multigroup IRT
In a multigroup IRT model, we assume there are two or more independent groups. Let there be  groups. Let the response from individual i in group g to item j be where  and let the cumulative category response probabilities be

	
	
	

	
	
	(3) 

	
	
	


Typically, we assume measurement invariance in multigroup models (which can be tested empirically using differential item functioning [DIF] procedures), so the item parameters are fixed equal across groups and the latent mean and variance of one group is freely estimated relative to the other. 
Unidimensional IRT with Latent Regression
We can expand upon the unidimensional IRT model shown in Equation 1 by allowing a conditioning model to be jointly estimated with the measurement model.  we allow our latent variable  to vary as a linear function of individual or group-level covariates using a latent regression model (Adams, Wilson, & Wu, 1997). For example, the latent regression model may be
	
	,
	(4) 


where  is a vector of observed background covariates. We assume that the error term follows a standard normal distribution. That is to say, while groups may have different means, the latent variance does not vary based on group status or other covariates. 
Calibration and Scoring with Multiple Groups at Multiple Timepoints 
Multidimensional IRT
One can also use a multidimensional IRT (MIRT) model to estimate scores at both time 1 and time 2. Item response data from each timepoint are combined and calibrated simultaneously across the two timepoints using a multidimensional extension of the GRM. If students are drawn from multiple groups, this model pools the groups together and assumes they are drawn from the same population. In the multiple timepoint example, we now define the response from individual i to item j at timepoint t (t=,1…,T) as  Let the cumulative category response probabilities be

	
	
	

	
	
	(5) 

	
	
	


As with the unidimensional model, the category response probability is the difference between two adjacent cumulative probabilities. The difference between the unidimensional and multidimensional GRM is that  is now a T×1 vector of latent traits and  a vector of slope parameters for item j (in most RCTs, T = 2).  In our example, all time-1 items load on the first latent variable and all time-2 items load on the second latent variable and no cross-loadings are estimated. We assume that full measurement invariance holds (e.g., the discrimination and intercept parameters for repeated items are constrained equal across timepoints), though this can be relaxed if needed. Typically, in a two timepoint context, the latent mean and SD are fixed at the first timepoint and freed in the second timepoint, and a covariance between the two latent factors is freely estimated. While this model can also be estimated as a two-tier model with item-level residuals that account for the same item being administered across timepoints (see Paek et al., 2014), prior research on multi-timepoint IRT models have found the inclusion of these residual factors do not typically impact score estimates (Kuhfeld & Soland, 2020).
Multigroup Multi-timepoint (MGMT) MIRT Model
One could further expand the MIRT model to fit a multi-group multi-timepoint (MGMT) MIRT model, with differing parameter estimates for control versus treatment groups and by timepoint.  Such a model would allow one to relax assumptions including measurement invariance before and after treatment, measurement invariance across groups, and equality of the latent means and variances across groups.  In the multiple timepoint multiple group example, we now define the response from individual i in group g to item j at timepoint t as  Let the cumulative category response probabilities be

	
	
	

	
	
	(6) 

	
	
	


In this model, the item intercepts  and discrimination parameters  are allowed to vary across groups or can be constrained equal to assume measurement invariance across the treatment and control groups. Additionally, the latent means and variances for one group can be freely estimated in reference to the other group at each timepoint.



Supplemental Materials Section B: Data-generating Item Parameters
	Table B1.
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Generating Item Parameters by Condition, Mixed Weights
	 
	 
	 
	 
	 
	 
	 
	 

	Mixed Loading Mixed Difficulty
	 
	 
	 
	
	Mixed Loading Low Difficulty
	 
	 
	 

	Slopes
	
	Intercepts
	
	Slopes
	
	Intercepts

	Load
	Disc. (a)
	
	Prop. Corr.
	Thresh
	Diff. (b)
	Int.
	
	Load
	Disc. (a)
	
	Prop. Corr.
	Thresh
	Diff. (b)
	Int.

	0.3
	0.53
	
	0.1
	1.28
	4.27
	-2.28
	
	0.3
	0.53
	
	0.5
	0.00
	0.00
	0.00

	0.3
	0.53
	
	0.3
	0.52
	1.75
	-0.93
	
	0.3
	0.53
	
	0.6
	-0.25
	-0.84
	0.45

	0.5
	0.98
	
	0.5
	0.00
	0.00
	0.00
	
	0.5
	0.98
	
	0.7
	-0.52
	-1.05
	1.03

	0.7
	1.67
	
	0.7
	-0.52
	-0.75
	1.25
	
	0.7
	1.67
	
	0.8
	-0.84
	-1.20
	2.00

	0.9
	3.51
	
	0.9
	-1.28
	-1.42
	5.00
	
	0.9
	3.51
	
	0.9
	-1.28
	-1.42
	5.00

	0.1
	0.17
	
	0.5
	0.00
	0.00
	0.00
	
	0.1
	0.17
	
	0.9
	-1.28
	-12.82
	2.19

	0.3
	0.53
	
	0.9
	-1.28
	-4.27
	2.28
	
	0.3
	0.53
	
	0.8
	-0.84
	-2.81
	1.50

	0.5
	0.98
	
	0.3
	0.52
	1.05
	-1.03
	
	0.5
	0.98
	
	0.7
	-0.52
	-1.05
	1.03

	0.7
	1.67
	
	0.1
	1.28
	1.83
	-3.05
	
	0.7
	1.67
	
	0.6
	-0.25
	-0.36
	0.60

	0.9
	3.51
	
	0.7
	-0.52
	-0.58
	2.05
	
	0.9
	3.51
	
	0.5
	0.00
	0.00
	0.00

	0.1
	0.17
	
	0.9
	-1.28
	-12.82
	2.19
	
	0.1
	0.17
	
	0.5
	0.00
	0.00
	0.00

	0.3
	0.53
	
	0.5
	0.00
	0.00
	0.00
	
	0.3
	0.53
	
	0.9
	-1.28
	-4.27
	2.28

	0.5
	0.98
	
	0.3
	0.52
	1.05
	-1.03
	
	0.5
	0.98
	
	0.6
	-0.25
	-0.51
	0.50

	0.7
	1.67
	
	0.1
	1.28
	1.83
	-3.05
	
	0.7
	1.67
	
	0.8
	-0.84
	-1.20
	2.00

	0.9
	3.51
	 
	0.7
	-0.52
	-0.58
	2.05
	
	0.9
	3.51
	 
	0.7
	-0.52
	-0.58
	2.05







	Table B2.
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Generating Item Parameters by Condition, Consistent Weights
	 
	 
	 
	 
	 
	 
	 
	 

	High Loading Mixed Difficulty
	 
	 
	 
	
	High Loading Low Difficulty
	 
	 
	 

	Slopes
	
	Intercepts
	
	Slopes
	
	Intercepts

	Load
	Disc. (a)
	
	Prop. Corr.
	Thresh
	Diff. (b)
	Int.
	
	Load
	Disc. (a)
	
	Prop. Corr.
	Thresh
	Diff. (b)
	Int.

	0.7
	1.67
	
	0.1
	1.28
	1.83
	-3.05
	
	0.7
	1.67
	
	0.5
	0.00
	0.00
	0.00

	0.8
	2.27
	
	0.3
	0.52
	0.66
	-1.49
	
	0.8
	2.27
	
	0.6
	-0.25
	-0.32
	0.72

	0.9
	3.51
	
	0.5
	0.00
	0.00
	0.00
	
	0.9
	3.51
	
	0.7
	-0.52
	-0.58
	2.05

	0.7
	1.67
	
	0.7
	-0.52
	-0.75
	1.25
	
	0.7
	1.67
	
	0.8
	-0.84
	-1.20
	2.00

	0.8
	2.27
	
	0.9
	-1.28
	-1.60
	3.63
	
	0.8
	2.27
	
	0.9
	-1.28
	-1.60
	3.63

	0.9
	3.51
	
	0.5
	0.00
	0.00
	0.00
	
	0.9
	3.51
	
	0.9
	-1.28
	-1.42
	5.00

	0.7
	1.67
	
	0.9
	-1.28
	-1.83
	3.05
	
	0.7
	1.67
	
	0.8
	-0.84
	-1.20
	2.00

	0.8
	2.27
	
	0.3
	0.52
	0.66
	-1.49
	
	0.8
	2.27
	
	0.7
	-0.52
	-0.66
	1.49

	0.9
	3.51
	
	0.1
	1.28
	1.42
	-5.00
	
	0.9
	3.51
	
	0.6
	-0.25
	-0.28
	0.99

	0.7
	1.67
	
	0.7
	-0.52
	-0.75
	1.25
	
	0.7
	1.67
	
	0.5
	0.00
	0.00
	0.00

	0.8
	2.27
	
	0.9
	-1.28
	-1.60
	3.63
	
	0.8
	2.27
	
	0.5
	0.00
	0.00
	0.00

	0.9
	3.51
	
	0.5
	0.00
	0.00
	0.00
	
	0.9
	3.51
	
	0.9
	-1.28
	-1.42
	5.00

	0.7
	1.67
	
	0.3
	0.52
	0.75
	-1.25
	
	0.7
	1.67
	
	0.6
	-0.25
	-0.36
	0.60

	0.8
	2.27
	
	0.1
	1.28
	1.60
	-3.63
	
	0.8
	2.27
	
	0.8
	-0.84
	-1.05
	2.38

	0.9
	3.51
	 
	0.7
	-0.52
	-0.58
	2.05
	
	0.9
	3.51
	 
	0.7
	-0.52
	-0.58
	2.05

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	






Supplemental Materials Section C: Additional Results
	Table C1(a).
	
	
	
	

	Treatment Effect Estimates, Survey Instrument
	 
	 

	Items
	Slopes
	Model
	Mean Est.
	Med. Est.
	S.D .Est.

	5
	high
	1.True Scores
	0.199
	0.197
	0.076

	5
	high
	2.Sum Scores
	0.176
	0.174
	0.079

	5
	high
	3.Unidim. EAP
	0.168
	0.167
	0.072

	5
	high
	4.Unidim. PV
	0.186
	0.185
	0.073

	5
	high
	5.Unidim. MLE
	0.293
	0.292
	0.132

	5
	high
	6.MGMT EAP
	0.211
	0.210
	0.087

	5
	high
	7.MGMT PV
	0.208
	0.205
	0.086

	5
	mixed
	1.True Scores
	0.199
	0.197
	0.076

	5
	mixed
	2.Sum Scores
	0.152
	0.153
	0.082

	5
	mixed
	3.Unidim. EAP
	0.132
	0.134
	0.067

	5
	mixed
	4.Unidim. PV
	0.152
	0.152
	0.067

	5
	mixed
	5.Unidim. MLE
	0.215
	0.216
	0.109

	5
	mixed
	6.MGMT EAP
	0.205
	0.206
	0.090

	5
	mixed
	7.MGMT PV
	0.197
	0.198
	0.090

	15
	high
	1.True Scores
	0.200
	0.202
	0.074

	15
	high
	2.Sum Scores
	0.182
	0.183
	0.076

	15
	high
	3.Unidim. EAP
	0.185
	0.187
	0.073

	15
	high
	4.Unidim. PV
	0.201
	0.203
	0.073

	15
	high
	5.Unidim. MLE
	0.243
	0.242
	0.100

	15
	high
	6.MGMT EAP
	0.218
	0.221
	0.086

	15
	high
	7.MGMT PV
	0.210
	0.213
	0.084

	15
	mixed
	1.True Scores
	0.200
	0.202
	0.074

	15
	mixed
	2.Sum Scores
	0.163
	0.162
	0.075

	15
	mixed
	3.Unidim. EAP
	0.168
	0.168
	0.072

	15
	mixed
	4.Unidim. PV
	0.185
	0.185
	0.072

	15
	mixed
	5.Unidim. MLE
	0.196
	0.197
	0.085

	15
	mixed
	6.MGMT EAP
	0.191
	0.192
	0.075

	15
	mixed
	7.MGMT PV
	0.189
	0.198
	0.075




	Table C1(b).
	
	
	
	

	Treatment Effect Estimates, Achievement Test
	 
	 

	Items
	Slopes
	Model
	Mean Est.
	Med. Est.
	S.D .Est.

	20
	high
	1.True Scores
	0.199
	0.201
	0.074

	20
	high
	2.Sum Scores
	0.152
	0.154
	0.071

	20
	high
	3.Unidim. EAP
	0.157
	0.157
	0.067

	20
	high
	4.Unidim. PV
	0.172
	0.172
	0.067

	20
	high
	5.Unidim. MLE
	0.272
	0.268
	0.118

	20
	high
	6.MGMT EAP
	0.229
	0.227
	0.092

	20
	high
	7.MGMT PV
	0.219
	0.217
	0.089

	20
	mixed
	1.True Scores
	0.199
	0.201
	0.074

	20
	mixed
	2.Sum Scores
	0.163
	0.162
	0.074

	20
	mixed
	3.Unidim. EAP
	0.155
	0.154
	0.066

	20
	mixed
	4.Unidim. PV
	0.174
	0.175
	0.067

	20
	mixed
	5.Unidim. MLE
	0.209
	0.208
	0.089

	20
	mixed
	6.MGMT EAP
	0.204
	0.203
	0.081

	20
	mixed
	7.MGMT PV
	0.201
	0.200
	0.080

	40
	high
	1.True Scores
	0.200
	0.200
	0.074

	40
	high
	2.Sum Scores
	0.167
	0.167
	0.072

	40
	high
	3.Unidim. EAP
	0.169
	0.169
	0.068

	40
	high
	4.Unidim. PV
	0.184
	0.186
	0.068

	40
	high
	5.Unidim. MLE
	0.241
	0.241
	0.098

	40
	high
	6.MGMT EAP
	0.219
	0.210
	0.094

	40
	high
	7.MGMT PV
	0.207
	0.206
	0.091

	40
	mixed
	1.True Scores
	0.200
	0.200
	0.074

	40
	mixed
	2.Sum Scores
	0.183
	0.183
	0.075

	40
	mixed
	3.Unidim. EAP
	0.169
	0.170
	0.067

	40
	mixed
	4.Unidim. PV
	0.185
	0.185
	0.068

	40
	mixed
	5.Unidim. MLE
	0.196
	0.196
	0.077

	40
	mixed
	6.MGMT EAP
	0.207
	0.207
	0.079

	40
	mixed
	7.MGMT PV
	0.201
	0.202
	0.078







Supplemental Materials Section D: flexMIRT code
Estimate & Score The Unidimensional IRT Model with EAP
<Options>
  Mode = Calibration;
  SavePRM = Yes;
Score= EAP ;
 
  saveSCO = YES;
  FactorLoadings = Yes;
  savePRM = Yes;

<Groups>
%G1%
File = "C:\Users\jgs8e\Desktop\d\LoseSleep\UNID_LoadM_DifL_n50_t1_r50.csv";
  Missing = -9;
  Varnames = v1-v15,id,t1,t2,group,post;
  N = 200;
  Dimensions = 1;
  Select = v1-v5;
  Model(v1-v5) = Graded(2);
  Ncats(v1-v5) = 2;
CaseID = id,group,post;

<Constraints>




Estimate & Score The Unidimensional IRT Model with MLE
<Options>
  Mode = Calibration;
  SavePRM = Yes;
Score= ML ;
  MaxMLscore = 4;
  MinMLscore = -4;
 
  saveSCO = YES;
  FactorLoadings = Yes;
  savePRM = Yes;

<Groups>
%G1%
File = "C:\Users\jgs8e\Desktop\d\LoseSleep\UNID_LoadM_DifL_n50_t1_r50.csv";
  Missing = -9;
  Varnames = v1-v15,id,t1,t2,group,post;
  N = 200;
  Dimensions = 1;
  Select = v1-v5;
  Model(v1-v5) = Graded(2);
  Ncats(v1-v5) = 2;
CaseID = id,group,post;

<Constraints>






Estimate & Score The Multi-timepoint MIRT Model 
<Options>
Mode = Calibration;
  SavePRM = Yes;
  M2 = Full;
  Algorithm = MHRM;
  RndSeed = 4681;
  ProposalStd = 0.6;
  Stage1 = 2000;
  Stage2 = 1000;
  Stage3 = 2000;
  MCsize = 0;
  Score = EAP;
  SaveSCO = YES;
  FactorLoadings = Yes;

<Groups>
%G1%
  File = "C:\Users\jgs8e\Desktop\d\LoseSleep\G1G2_LoadH_DifM_n500_t1_r17.csv";
  Missing = -9;
  Dimensions = 2;
  Varnames = v1-v10,id,t1,t2,group;
  Select = v1-v5,v6-v10;
  N = 500;
  Model(v1-v5,v6-v10) = Graded(2);
  Ncats(v1-v5,v6-v10) = 2;
  CaseID = id,group;


<Constraints>
//G1 & G2 Item parameter Constraints
  Fix G1,(v1-v5,v6-v10), Slope;

//G1/G2 Free Item parameters
  Free G1,(v1-v5),Slope(1);
  Free G1,(v6-v10),Slope(2);

//Equality Constraints
  Equal G1,(v1-v5),Slope(1) : G1,(v6-v10),Slope(2); 

  Equal G1,(v1-v5),Intercept(1): G1,(v6-v10),Intercept(1)  ;


// G1 Distributional Constraints
  //Free G1, Mean(1);
  Free G1, Mean(2);

  //Free G1, Cov(1,1);
  Free G1, Cov(2,2);
  Free G1, Cov(1,2);





Estimate & Score The Multigroup Multi-timepoint (MGMT) MIRT Model 
<Options>
  Mode = Calibration;
  SavePRM = Yes;
  M2 = Full;
  Algorithm = MHRM;
  RndSeed = 4681;
  ProposalStd = 0.6;
  Stage1 = 2000;
  Stage2 = 1000;
  Stage3 = 2000;
  MCsize = 0;
  Score = EAP;
  SaveSCO = YES;
  FactorLoadings = Yes;

<Groups>
%G1%
  File = "G1.csv";
  Missing = -9;
  Dimensions = 2;
  Varnames = v1-v10,id,t1,t2;
  Select = v1-v5,v16-v20;
  N = 500;
  Model(v1-v5,v6-v10) = Graded(2);
  Ncats(v1-v5,v6-v10) = 2;
  CaseID = id;

%G2%
  File = "G2.csv";
  Missing = -9;
  Dimensions = 2;
  Varnames = v1-v10,id,t1,t2;
  Select = v1-v5,v6-v10;
  N = 500;
  Model(v1-v5,v6-v10) = Graded(2);
  Ncats(v1-v5,v6-v10) = 2;
  CaseID = id;

<Constraints>
//G1 & G2 Item parameter Constraints
  Fix G1,(v1-v5, v6-v10), Slope;
  Fix G2,(v1-v5, v6-v10), Slope;

//G1/G2 Free Item parameters
  Free G1,(v1-v5),Slope(1);
  Free G1,( v6-v10),Slope(2);

  Free G2,(v1-v5),Slope(1);
  Free G2,( v6-v10),Slope(2);

//Equality Constraints
  Equal G1,(v1-v5),Slope(1) : G1,( v6-v10),Slope(2): 
        G2,(v1-v5),Slope(1) : G2,( v6-v10),Slope(2); 

  Equal G1,(v1-v5),Intercept(1): G1,( v6-v10),Intercept(1) : 
        G2,(v1-v5),Intercept(1): G2,( v6-v10),Intercept(1) ;


// G1 Distributional Constraints
  //Free G1, Mean(1);
  Free G1, Mean(2);

  //Free G1, Cov(1,1);
  Free G1, Cov(2,2);
  Free G1, Cov(1,2);

// G2 Distributional Constraints
  Free G2, Mean(2);
  Free G2, Cov(2,2);
  Free G2, Cov(1,2);


An Example of the MGMT Model in R

## Simulation:
  a <- matrix(c(0.75, 0, # specify slope parameters 
                1.30, 0, 
                1.80, 0, 
                1.65, 0,
                0, 0.75,
                0, 1.30, 
                0, 1.80, 
                0, 1.65),
              nrow=8, ncol=2, byrow=T) 
  d <- matrix(c(2.13, 0.37, -0.86, -1.88, # specify intercepts 
                2.67, 1.33, 0.31, -0.67,
                3.57, 1.70, 0.07, -1.90,
                3.77, 2.32, 1.09, -0.31,
                2.13, 0.37, -0.86, -1.88,  
                2.67, 1.33, 0.31, -0.67,
                3.57, 1.70, 0.07, -1.90,
                3.77, 2.32, 1.09, -0.31),
              nrow=8, ncol=4, byrow=T) 
  mu.g1 <- c(0, 0.1); mu.g2 <- c(0, 0.15) # specify group means
  s.g1 <- matrix(c(1,0.9,0.9,1.4),2,2)    # specify group 1 variances 
  s.g2 <- matrix(c(1,0.7,0.7,1.2),2,2)    # specify group 2 variances 

  N = 1000 # sample size
  set.seed(22902)

  dat3 <- data.frame(rbind(                                         # create data frame of item responses
    simdata(a, d, N, itemtype='graded', mu = mu.g1, sigma = s.g1),  # simulate data for group 1 
    simdata(a, d, N, itemtype='graded', mu = mu.g2, sigma = s.g2))) # simulate data for group 2

  dat3$group <- c(rep('G1', N), rep('G2', N))                       # create grouping variable
  
  ## Calibration:
  lm_mirt <- '
  T1 = 1-4
  T2 = 5-8
  COV = T1*T2, T2*T2 # free covariance and time 2 variance
  CONSTRAIN = 
  (1,5, a1,a2), (2,6, a1,a2), (3,7, a1,a2), (4,8, a1,a2), 
  (1,5, d1), (2,6, d1), (3,7, d1), (4,8, d1),
  (1,5, d2), (2,6, d2), (3,7, d2), (4,8, d2),
  (1,5, d3), (2,6, d3), (3,7, d3), (4,8, d3),
  (1,5, d4), (2,6, d4), (3,7, d4), (4,8, d4), # define the model with constraints across Time
  MEAN = T2'   # free mean at T2 for both groups

  mod3 <- multipleGroup(
    dat3[, 1:8],
    model = lm_mirt,
    group = dat3$group,
    invariance = c(
      "free_means", "free_variances", 
      "slopes", "intercepts"), 
    itemtype='graded', method='MHRM', SE = TRUE) 
  coef(mod3, simplify=TRUE) # get item parameters
  
  ## EAP scoring 
  scores3.EAP <- data.frame(fscores(mod3, method='EAP'))
  summary(scores3.EAP)
  dat3$EAP1 <- scores3.EAP$F1
  dat3$EAP2 <- scores3.EAP$F2
  describeBy(dat3[,c("EAP1","EAP2")],dat3$group)
  




Supplemental Materials Section F: Complete Results from Sensitivity Analyses

	Table F1. Complete Sensitivity Analysis Results, N=200
	 
	 
	 
	 

	Instrument
	items
	loadings
	Treat
	N
	model
	Est.
	Sig.
	bias

	SEL
	5
	H
	H
	200
	MIRTeap
	0.222
	0.320
	0.022

	SEL
	5
	H
	H
	200
	MIRTpv
	0.226
	0.154
	0.026

	SEL
	5
	H
	H
	200
	Sum
	0.181
	0.223
	-0.019

	SEL
	5
	H
	H
	200
	TrueScore
	0.200
	0.232
	0.000

	SEL
	5
	M
	H
	200
	MIRTeap
	0.213
	0.405
	0.013

	SEL
	5
	M
	H
	200
	MIRTpv
	0.203
	0.064
	0.003

	SEL
	5
	M
	H
	200
	Sum
	0.155
	0.136
	-0.045

	SEL
	5
	M
	H
	200
	TrueScore
	0.200
	0.232
	0.000

	SEL
	10
	H
	H
	200
	MIRTeap
	0.220
	0.251
	0.020

	SEL
	10
	H
	H
	200
	MIRTpv
	0.227
	0.184
	0.027

	SEL
	10
	H
	H
	200
	Sum
	0.184
	0.205
	-0.016

	SEL
	10
	H
	H
	200
	TrueScore
	0.201
	0.234
	0.001

	SEL
	10
	M
	H
	200
	MIRTeap
	0.207
	0.322
	0.007

	SEL
	10
	M
	H
	200
	MIRTpv
	0.211
	0.159
	0.011

	SEL
	10
	M
	H
	200
	Sum
	0.169
	0.200
	-0.031

	SEL
	10
	M
	H
	200
	TrueScore
	0.201
	0.234
	0.001

	SEL
	15
	H
	H
	200
	MIRTeap
	0.217
	0.255
	0.017

	SEL
	15
	H
	H
	200
	MIRTpv
	0.223
	0.193
	0.023

	SEL
	15
	H
	H
	200
	Sum
	0.179
	0.191
	-0.021

	SEL
	15
	H
	H
	200
	TrueScore
	0.195
	0.241
	-0.005

	SEL
	15
	M
	H
	200
	MIRTeap
	0.175
	0.239
	-0.025

	SEL
	15
	M
	H
	200
	MIRTpv
	0.185
	0.156
	-0.015

	SEL
	15
	M
	H
	200
	Sum
	0.159
	0.161
	-0.041

	SEL
	15
	M
	H
	200
	TrueScore
	0.195
	0.241
	-0.005

	SEL
	5
	H
	L
	200
	MIRTeap
	-0.004
	0.025
	-0.004

	SEL
	5
	H
	L
	200
	MIRTpv
	0.005
	0.009
	0.005

	SEL
	5
	H
	L
	200
	Sum
	0.004
	0.016
	0.004

	SEL
	5
	H
	L
	200
	TrueScore
	0.000
	0.011
	0.000

	SEL
	5
	M
	L
	200
	MIRTeap
	-0.009
	0.055
	-0.009

	SEL
	5
	M
	L
	200
	MIRTpv
	-0.014
	0.002
	-0.014

	SEL
	5
	M
	L
	200
	Sum
	0.000
	0.030
	0.000

	SEL
	5
	M
	L
	200
	TrueScore
	0.000
	0.011
	0.000

	SEL
	10
	H
	L
	200
	MIRTeap
	-0.008
	0.016
	-0.008

	SEL
	10
	H
	L
	200
	MIRTpv
	0.003
	0.014
	0.003

	SEL
	10
	H
	L
	200
	Sum
	0.003
	0.023
	0.003

	SEL
	10
	H
	L
	200
	TrueScore
	0.001
	0.016
	0.001

	SEL
	10
	M
	L
	200
	MIRTeap
	-0.003
	0.028
	-0.003

	SEL
	10
	M
	L
	200
	MIRTpv
	0.005
	0.011
	0.005

	SEL
	10
	M
	L
	200
	Sum
	0.002
	0.016
	0.002

	SEL
	10
	M
	L
	200
	TrueScore
	0.001
	0.016
	0.001

	SEL
	15
	H
	L
	200
	MIRTeap
	-0.016
	0.025
	-0.016

	SEL
	15
	H
	L
	200
	MIRTpv
	-0.006
	0.016
	-0.006

	SEL
	15
	H
	L
	200
	Sum
	-0.004
	0.021
	-0.004

	SEL
	15
	H
	L
	200
	TrueScore
	-0.005
	0.021
	-0.005

	SEL
	15
	M
	L
	200
	MIRTeap
	-0.013
	0.023
	-0.013

	SEL
	15
	M
	L
	200
	MIRTpv
	0.000
	0.009
	0.000

	SEL
	15
	M
	L
	200
	Sum
	-0.004
	0.014
	-0.004

	SEL
	15
	M
	L
	200
	TrueScore
	-0.005
	0.021
	-0.005

	testing
	30
	H
	H
	200
	MIRTeap
	0.256
	0.301
	0.056

	testing
	30
	H
	H
	200
	MIRTpv
	0.251
	0.205
	0.051

	testing
	30
	H
	H
	200
	Sum
	0.158
	0.182
	-0.042

	testing
	30
	H
	H
	200
	TrueScore
	0.204
	0.262
	0.004

	testing
	30
	M
	H
	200
	MIRTeap
	0.222
	0.333
	0.022

	testing
	30
	M
	H
	200
	MIRTpv
	0.224
	0.184
	0.024

	testing
	30
	M
	H
	200
	Sum
	0.173
	0.205
	-0.027

	testing
	30
	M
	H
	200
	TrueScore
	0.204
	0.262
	0.004

	testing
	40
	H
	H
	200
	MIRTeap
	0.244
	0.303
	0.044

	testing
	40
	H
	H
	200
	MIRTpv
	0.243
	0.189
	0.043

	testing
	40
	H
	H
	200
	Sum
	0.159
	0.189
	-0.041

	testing
	40
	H
	H
	200
	TrueScore
	0.191
	0.223
	-0.009

	testing
	40
	M
	H
	200
	MIRTeap
	0.203
	0.278
	0.003

	testing
	40
	M
	H
	200
	MIRTpv
	0.210
	0.202
	0.010

	testing
	40
	M
	H
	200
	Sum
	0.176
	0.214
	-0.024

	testing
	40
	M
	H
	200
	TrueScore
	0.191
	0.223
	-0.009

	testing
	30
	H
	L
	200
	MIRTeap
	0.007
	0.023
	0.007

	testing
	30
	H
	L
	200
	MIRTpv
	0.015
	0.014
	0.015

	testing
	30
	H
	L
	200
	Sum
	0.002
	0.018
	0.002

	testing
	30
	H
	L
	200
	TrueScore
	0.004
	0.023
	0.004

	testing
	30
	M
	L
	200
	MIRTeap
	0.006
	0.025
	0.006

	testing
	30
	M
	L
	200
	MIRTpv
	0.014
	0.011
	0.014

	testing
	30
	M
	L
	200
	Sum
	0.003
	0.018
	0.003

	testing
	30
	M
	L
	200
	TrueScore
	0.004
	0.023
	0.004

	testing
	40
	H
	L
	200
	MIRTeap
	-0.006
	0.021
	-0.006

	testing
	40
	H
	L
	200
	MIRTpv
	0.002
	0.009
	0.002

	testing
	40
	H
	L
	200
	Sum
	-0.009
	0.011
	-0.009

	testing
	40
	H
	L
	200
	TrueScore
	-0.009
	0.009
	-0.009

	testing
	40
	M
	L
	200
	MIRTeap
	-0.007
	0.021
	-0.007

	testing
	40
	M
	L
	200
	MIRTpv
	0.004
	0.007
	0.004

	testing
	40
	M
	L
	200
	Sum
	-0.010
	0.014
	-0.010

	testing
	40
	M
	L
	200
	TrueScore
	-0.009
	0.009
	-0.009

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	






	
	



	
	
	
	
	
	

	Table F2
	
	
	
	
	
	
	

	Full Treatment Effect Estimates When IRT Scores Have Been Re-standardized, True  = .2 SDs

	instrument
	items
	loadings
	model
	
	mean est.
	ratio (est/.2)
	prop. Sig.

	SEL
	5
	High
	1.True Scores
	
	0.202
	1.008
	0.845

	SEL
	5
	High
	2.Sum Scores
	
	0.178
	0.891
	0.825

	SEL
	5
	High
	3.Unidim. EAP
	
	0.187
	0.934
	0.775

	SEL
	5
	High
	4.Unidim. PV
	
	0.171
	0.853
	0.675

	SEL
	5
	High
	5.Unidim. MLE
	
	0.178
	0.892
	0.755

	SEL
	5
	High
	6.MIRT EAP
	
	0.213
	1.065
	0.840

	SEL
	5
	High
	7.MIRT PV
	
	0.196
	0.979
	0.750

	SEL
	5
	High
	8.Direct
	
	0.212
	1.060
	1.000

	SEL
	5
	Mixed
	1.True Scores
	
	0.202
	1.008
	0.845

	SEL
	5
	Mixed
	2.Sum Scores
	
	0.160
	0.801
	0.760

	SEL
	5
	Mixed
	3.Unidim. EAP
	
	0.169
	0.846
	0.695

	SEL
	5
	Mixed
	4.Unidim. PV
	
	0.132
	0.661
	0.335

	SEL
	5
	Mixed
	5.Unidim. MLE
	
	0.170
	0.849
	0.690

	SEL
	5
	Mixed
	6.MIRT EAP
	
	0.244
	1.222
	0.880

	SEL
	5
	Mixed
	7.MIRT PV
	
	0.197
	0.985
	0.670

	SEL
	5
	Mixed
	8.Direct
	
	0.207
	1.036
	1.000

	SEL
	10
	High
	1.True Scores
	
	0.197
	0.985
	0.790

	SEL
	10
	High
	2.Sum Scores
	
	0.179
	0.894
	0.850

	SEL
	10
	High
	3.Unidim. EAP
	
	0.185
	0.927
	0.760

	SEL
	10
	High
	4.Unidim. PV
	
	0.176
	0.879
	0.730

	SEL
	10
	High
	5.Unidim. MLE
	
	0.177
	0.883
	0.730

	SEL
	10
	High
	6.MIRT EAP
	
	0.198
	0.989
	0.805

	SEL
	10
	High
	7.MIRT PV
	
	0.194
	0.970
	0.760

	SEL
	10
	High
	8.Direct
	
	0.208
	1.038
	1.000

	SEL
	10
	Mixed
	1.True Scores
	
	0.197
	0.985
	0.790

	SEL
	10
	Mixed
	2.Sum Scores
	
	0.164
	0.822
	0.765

	SEL
	10
	Mixed
	3.Unidim. EAP
	
	0.177
	0.883
	0.755

	SEL
	10
	Mixed
	4.Unidim. PV
	
	0.158
	0.791
	0.610

	SEL
	10
	Mixed
	5.Unidim. MLE
	
	0.175
	0.874
	0.760

	SEL
	10
	Mixed
	6.MIRT EAP
	
	0.210
	1.049
	0.840

	SEL
	10
	Mixed
	7.MIRT PV
	
	0.188
	0.941
	0.725

	SEL
	10
	Mixed
	8.Direct
	
	0.195
	0.977
	1.000

	SEL
	15
	High
	1.True Scores
	
	0.195
	0.975
	0.810

	SEL
	15
	High
	2.Sum Scores
	
	0.181
	0.906
	0.865

	SEL
	15
	High
	3.Unidim. EAP
	
	0.186
	0.929
	0.760

	SEL
	15
	High
	4.Unidim. PV
	
	0.178
	0.888
	0.735

	SEL
	15
	High
	5.Unidim. MLE
	
	0.181
	0.907
	0.760

	SEL
	15
	High
	6.MIRT EAP
	
	0.193
	0.966
	0.790

	SEL
	15
	High
	7.MIRT PV
	
	0.194
	0.970
	0.775

	SEL
	15
	High
	8.Direct
	
	0.209
	1.045
	1.000

	SEL
	15
	Mixed
	1.True Scores
	
	0.195
	0.975
	0.810

	SEL
	15
	Mixed
	2.Sum Scores
	
	0.167
	0.834
	0.780

	SEL
	15
	Mixed
	3.Unidim. EAP
	
	0.175
	0.873
	0.730

	SEL
	15
	Mixed
	4.Unidim. PV
	
	0.163
	0.814
	0.645

	SEL
	15
	Mixed
	5.Unidim. MLE
	
	0.172
	0.861
	0.730

	SEL
	15
	Mixed
	6.MIRT EAP
	
	0.193
	0.964
	0.785

	SEL
	15
	Mixed
	7.MIRT PV
	
	0.182
	0.912
	0.715

	SEL
	15
	Mixed
	8.Direct
	
	0.181
	0.904
	1.000

	testing
	20
	High
	1.True Scores
	
	0.190
	0.948
	0.785

	testing
	20
	High
	2.Sum Scores
	
	0.175
	0.873
	0.855

	testing
	20
	High
	3.Unidim. EAP
	
	0.180
	0.902
	0.765

	testing
	20
	High
	4.Unidim. PV
	
	0.168
	0.842
	0.710

	testing
	20
	High
	5.Unidim. MLE
	
	0.175
	0.873
	0.755

	testing
	20
	High
	6.MIRT EAP
	
	0.199
	0.994
	0.820

	testing
	20
	High
	7.MIRT PV
	
	0.190
	0.952
	0.770

	testing
	20
	High
	8.Direct
	
	0.216
	1.078
	1.000

	testing
	20
	Mixed
	1.True Scores
	
	0.190
	0.948
	0.785

	testing
	20
	Mixed
	2.Sum Scores
	
	0.171
	0.853
	0.800

	testing
	20
	Mixed
	3.Unidim. EAP
	
	0.174
	0.872
	0.745

	testing
	20
	Mixed
	4.Unidim. PV
	
	0.159
	0.793
	0.640

	testing
	20
	Mixed
	5.Unidim. MLE
	
	0.172
	0.861
	0.715

	testing
	20
	Mixed
	6.MIRT EAP
	
	0.204
	1.020
	0.820

	testing
	20
	Mixed
	7.MIRT PV
	
	0.184
	0.920
	0.710

	testing
	20
	Mixed
	8.Direct
	
	0.201
	1.006
	1.000

	testing
	30
	High
	1.True Scores
	
	0.203
	1.015
	0.815

	testing
	30
	High
	2.Sum Scores
	
	0.189
	0.946
	0.870

	testing
	30
	High
	3.Unidim. EAP
	
	0.195
	0.977
	0.800

	testing
	30
	High
	4.Unidim. PV
	
	0.187
	0.934
	0.750

	testing
	30
	High
	5.Unidim. MLE
	
	0.187
	0.935
	0.760

	testing
	30
	High
	6.MIRT EAP
	
	0.211
	1.057
	0.840

	testing
	30
	High
	7.MIRT PV
	
	0.206
	1.031
	0.815

	testing
	30
	High
	8.Direct
	
	0.229
	1.147
	1.000

	testing
	30
	Mixed
	1.True Scores
	
	0.203
	1.015
	0.815

	testing
	30
	Mixed
	2.Sum Scores
	
	0.189
	0.945
	0.850

	testing
	30
	Mixed
	3.Unidim. EAP
	
	0.192
	0.959
	0.795

	testing
	30
	Mixed
	4.Unidim. PV
	
	0.181
	0.907
	0.745

	testing
	30
	Mixed
	5.Unidim. MLE
	
	0.190
	0.949
	0.790

	testing
	30
	Mixed
	6.MIRT EAP
	
	0.212
	1.058
	0.850

	testing
	30
	Mixed
	7.MIRT PV
	
	0.202
	1.009
	0.805

	testing
	30
	Mixed
	8.Direct
	
	0.211
	1.055
	1.000

	testing
	40
	High
	1.True Scores
	
	0.195
	0.974
	0.800

	testing
	40
	High
	2.Sum Scores
	
	0.187
	0.936
	0.885

	testing
	40
	High
	3.Unidim. EAP
	
	0.191
	0.954
	0.780

	testing
	40
	High
	4.Unidim. PV
	
	0.184
	0.920
	0.740

	testing
	40
	High
	5.Unidim. MLE
	
	0.186
	0.928
	0.755

	testing
	40
	High
	6.MIRT EAP
	
	0.208
	1.039
	0.830

	testing
	40
	High
	7.MIRT PV
	
	0.204
	1.022
	0.815

	testing
	40
	High
	8.Direct
	
	0.237
	1.187
	1.000

	testing
	40
	Mixed
	1.True Scores
	
	0.195
	0.974
	0.800

	testing
	40
	Mixed
	2.Sum Scores
	
	0.188
	0.941
	0.895

	testing
	40
	Mixed
	3.Unidim. EAP
	
	0.188
	0.940
	0.765

	testing
	40
	Mixed
	4.Unidim. PV
	
	0.179
	0.895
	0.695

	testing
	40
	Mixed
	5.Unidim. MLE
	
	0.187
	0.934
	0.765

	testing
	40
	Mixed
	6.MIRT EAP
	
	0.204
	1.022
	0.830

	testing
	40
	Mixed
	7.MIRT PV
	
	0.199
	0.996
	0.780

	testing
	40
	Mixed
	8.Direct
	 
	0.211
	1.054
	1.000

	
	
	
	
	
	
	
	



