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and Treatment Effects 
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• Topics:
 Introducing time-invariant predictors
 Example 1: Between-group treatment effects on weight loss 

over three occasions in a randomized control trial (RCT)
 Example 2: Fluid intelligence predicting improvements 

in response time (RT) across six short-term occasions
 Example 3: Between-group treatment effects in an RCT with 

multiple observations within repeated measures conditions
 Example 4: Within-person treatments in aggregated N-of-1 RCTs
 Longitudinal designs of individuals in groups



Review: Unconditional Models for Time
• Each source of correlation or dependency goes into a new variance 

component (or “pile” of variance) until each source meets the usual 
assumptions of GLM: normality, independence, constant variance

• Example two-level longitudinal model:

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

BP Slope
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟏𝟏)

BP Int
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

𝛕𝛕
𝐔𝐔𝟎𝟎𝟎𝟎

covariance

Level 2 (two sources of) 
Between-Person Variation:
gets accounted for by 
person-level predictors

Level 1 (one source of) 
Within-Person Variation:
gets accounted for by 
time-level predictors

FIXED effects make variance 
go away (explain variance).

RANDOM effects just make 
a new pile of variance.

Now we will add predictors to account for each pile!
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Multiple BP 
time slope 
variances are 
possible…



(Multivariate) Alternative Covariance Structures
• Models for WP fluctuation typically include only a residual 

covariance structure, and at most a random intercept (random 
time slopes won’t help in the absence of systematic change)

• Likewise, random time slopes may not be possible given few 
occasions (especially with piecewise slopes for change)

Level 2 (one sources of) 
Between-Person Variation:

Gets accounted for by 
person-level predictors

Level 1 (one source of) 
Within-Person Variation:

Gets accounted for by 
time-level predictors

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

BP Int
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

Between-Person Random Intercept in G + 
Within-Person Structure in R (to make V)

All sources of variation 
and covariation are held 
in one matrix, but if 
dependency is predicted 
accurately then it’s ok.

Total
Variance

(𝛔𝛔𝐓𝐓𝟐𝟐)

TOTAL Structure in R=V
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Modeling Time-Invariant Predictors
• Which independent variables can be time-invariant predictors?

 Aka, “person-level” or “level-2” or predictors (𝒙𝒙𝒊𝒊) in two-level models
 Includes substantive predictors, controls, and predictors of missingness
 Includes anything that either does not change across time, or that might 

change across time but that you’ve only measured once (you may need 
to argue why this is conceptually ok or limit conclusions accordingly)

 Also includes BP variance in time or time-varying predictors (stay tuned)

• All predictors should be centered so that 0 values are meaningful: 
 This is needed to create a meaningful fixed/random intercept, and/or 

meaningful fixed main effects of predictors also included in interactions 
 e.g., if fixed effects of X, Z, and X*Z, the main effect of X is specifically for Z=0

 Quantitative predictors can be centered at any constant, such as 
the sample mean (common, and useful if it has an unfamiliar scale) 
or any meaningful reference (better for translating across studies)

 Categorical predictors can have their dummy-code contrasts created 
for you as “factor” variables (e.g., SAS CLASS, SPSS BY, STATA i.), but not in 
Mplus; I do not like ± 1 coding for group differences (because then 0 = ???)
 I find indicator or sequential dummy-coding variants most useful
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Beware of Missing Predictors
• Any cases missing model predictors that are not part 

of the joint likelihood* will not be used in that model
 Not great for time or time-varying predictors (Missing At Random-ish)
 Really bad for time-invariant predictors (listwise deletion, MCAR)

• Better options for missing predictors:
 *Bring the predictor into the joint likelihood (only possible in software 

for truly multivariate MLMs, such as Mplus, or in SEM programs)
 Its mean, variance, and covariances “get found” as model parameters
 Predictor then has distributional assumptions (default is multivariate normal), 

which may not be plausible for all predictors
 Mplus v. 8 still will not do this for non-normal “predictors” in multivariate MLM

 Multiple imputation (and analysis of *each* imputed dataset)
 Imputation also requires distributional assumptions for imputed variables!
 Also requires all parameters of interest for the analysis model to be in the 

imputation model, too (which is problematic for interactions or random effects)
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The Role of Time-Invariant Predictors 
in the Model for the Means

• In Within-Person Change Models  Adjust growth curve
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Main effect of 𝑥𝑥𝑖𝑖, no 
interaction with time

 Time 

Interaction with time, 
main effect of 𝑥𝑥𝑖𝑖?

 Time 

Main effect of 𝑥𝑥𝑖𝑖, and 
interaction with time

 Time 



The Role of Time-Invariant Predictors 
in the Model for the Means

• In Within-Person Fluctuation Models Adjust mean level
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No main effect of 𝑥𝑥𝑖𝑖

 Time 

Main effect of 𝑥𝑥𝑖𝑖

 Time 



The Role of Time-Invariant Predictors 
in the Model for the Variance

• Beyond fixed effects in the model for the means, time-
invariant predictors can be used to allow heterogeneity of 
variance at their level or below in “location–scale models”

• e.g., Group as a predictor of heterogeneity of variance: 
 At level 2: Amount of individual differences in intercepts and/or slopes 

differs between control and treatment (assumed constant by default!)
 At level 1: Amount of within-person residual variation differs 

between control and treatment (assumed constant by default!)
 In within-person fluctuation model: differential volatility over time
 In within-person change model: differential volatility/inconsistency 

remaining after controlling for fixed and random effects of time

• These models are harder to estimate and may require custom 
algorithms (e.g., SAS NLMIXED; in Mplus v 8+ using “logV”)
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Why Level-2 Predictors Cannot* Have 
Random Effects in Two-Level Models
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Random Slopes for Time

Time 
(or Any Level-1 Predictor)

Random Slopes for Group?

Group 
(or any Level-2 Predictor)

You cannot make a line out of a dot, so level-2 
effects cannot vary randomly over persons.

* Level-2 predictors can be included as predictors of heterogeneity of variance, 
which technically is a random slope of sorts (but interpretation is different)



Sources of Explained Variance by 
Person-Level-2 Time-Invariant Predictors

• Fixed effects of level-2 predictors by themselves:
 Level-2 (BP) main effects reduce level-2 random intercept variance
 Level-2 (BP) interactions also reduce level-2 random intercept variance

• Fixed effects of cross-level interactions (level-1* level-2):
 If a level-1 predictor is random, any cross-level interaction with it 

will reduce its corresponding level-2 BP random slope variance
 e.g., if time is random, then pred1*time, pred2*time, and pred1*pred2*time

can each reduce the level-2 random linear time slope variance
 If the level-1 predictor not random, any cross-level interaction 

with it will reduce the level-1 WP residual variance instead
 e.g., if time2 does not have a level-2 random slope, then pred1*time2, 

pred2*time2, and pred1*pred2*time2 will reduce the level-1 residual variance 
 Different quadratic slopes by pred1 and pred2 create better level-1 
trajectories, thus reducing level-1 residual variance around the trajectories
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Variance Explained… Continued
• Pseudo-R2 is named that way for a reason… piles of variance 

can shift around, such that it can actually become negative
 Sometimes is a sign of model mis-specification (but not always)
 See Rights & Sterba (2019, 2020) for alternative marginal versions of R2

 Ensure positive R2 values, but they don’t quantify R2 for slope variances (boo)

• A simple alternative: Total R2 (Singer & Willett, 2003)
 Generate model-predicted �𝑦𝑦𝑡𝑡𝑡𝑡 from fixed effects only (NOT including 

random effects, so no cheating) and correlate it with observed 𝑦𝑦𝑡𝑡𝑡𝑡
 Then square that correlation  total R2 (same as in GLM regression)
 Total R2 = total reduction in overall outcome variance across levels
 Can be “unfair” in models with large unexplained sources of variance 

(i.e., for sampling dimensions you didn’t have predictors for)

• MORAL OF THE STORY: Specify EXACTLY which kind(s) of R2

you used—give the formula and a reference!!
MIRMD: Lecture 2 11



Time-Invariant Predictors 
and Treatment Effects 
in Longitudinal Models
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• Topics:
 Introducing time-invariant predictors
 Example 1: Between-group treatment effects on weight loss 

over three occasions in a randomized control trial (RCT)
 Example 2: Fluid intelligence predicting improvements 

in response speed across six short-term occasions
 Example 3: Between-group treatment effects in an RCT with 

multiple observations within repeated measures conditions
 Example 4: Within-person treatments in aggregated N-of-1 RCTs
 Longitudinal designs of individuals in groups



Example 1:  Differences in Weight Loss
• Randomized Control Trial for differences in weight loss (and then 

maintenance of weight loss) between control and treatment groups
 105 persons measured up to 3 occasions  balanced but incomplete data
 Univariate MLM on stacked data (REML estimation, Kenward-Roger DDF)
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Example 1: Piecewise Model for the Means
�𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡 = 𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟏𝟏𝟏𝟏 𝑤𝑤𝑤1𝑡𝑡𝑡𝑡 + 𝜸𝜸𝟐𝟐𝟎𝟎 𝑤𝑤𝑤2𝑡𝑡𝑡𝑡 + 𝜸𝜸𝟎𝟎𝟎𝟎(𝑇𝑇𝑥𝑥𝑖𝑖)

+𝜸𝜸𝟏𝟏𝟏𝟏 𝑤𝑤01𝑡𝑡𝑡𝑡 (𝑇𝑇𝑥𝑥𝑖𝑖) + 𝜸𝜸𝟐𝟐𝟏𝟏 𝑤𝑤12𝑡𝑡𝑡𝑡 (𝑇𝑇𝑥𝑥𝑖𝑖)

• Estimated fixed effects for control group (𝑇𝑇𝑥𝑥𝑖𝑖 = 0):
 𝜸𝜸𝟎𝟎𝟎𝟎 for intercept: Control weight at baseline
 𝜸𝜸𝟏𝟏𝟏𝟏 for w01 slope: Control change from baseline to post-treatment
 𝜸𝜸𝟐𝟐𝟎𝟎 for w12 slope: Control change from post-treatment to follow-up

• Estimated fixed effects for differences by treatment (𝑇𝑇𝑥𝑥𝑖𝑖 = 0 𝑣𝑣𝑣𝑣 1):
 𝜸𝜸𝟎𝟎𝟎𝟎 for Tx slope: difference in weight at baseline
 𝜸𝜸𝟏𝟏𝟏𝟏 for w01*Tx slope: difference in change from baseline to post-treatment
 𝜸𝜸𝟐𝟐𝟐𝟐 for w12*Tx slope: differences in change from post-treatment to follow-up

• Model-implied fixed effects for treatment group (𝑇𝑇𝑥𝑥𝑖𝑖 = 1):
 𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎: Tx weight at baseline
 𝜸𝜸𝟏𝟏𝟏𝟏 + 𝜸𝜸𝟏𝟏𝟏𝟏: Tx change from baseline to post-treatment
 𝜸𝜸𝟐𝟐𝟐𝟐 + 𝜸𝜸𝟐𝟐𝟏𝟏: Tx change from post-treatment to follow-up
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Wave w01 w12
0. Baseline 0 0

1. Post-Treat 1 0

2. Follow-Up 1 1



Example 1: Piecewise Model for the Means
�𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑡𝑡𝑡𝑡𝑡𝑡 = 𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟏𝟏𝟏𝟏 𝑤𝑤𝑤1𝑡𝑡𝑡𝑡 + 𝜸𝜸𝟐𝟐𝟎𝟎 𝑤𝑤𝑤2𝑡𝑡𝑡𝑡 + 𝜸𝜸𝟎𝟎𝟎𝟎(𝑇𝑇𝑥𝑥𝑖𝑖)

+𝜸𝜸𝟏𝟏𝟏𝟏 𝑤𝑤01𝑡𝑡𝑡𝑡 (𝑇𝑇𝑥𝑥𝑖𝑖) + 𝜸𝜸𝟐𝟐𝟏𝟏 𝑤𝑤12𝑡𝑡𝑡𝑡 (𝑇𝑇𝑥𝑥𝑖𝑖)
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C: w12 
𝜸𝜸𝟐𝟐𝟐𝟐 = 𝟖𝟖∗

C Int:
𝜸𝜸𝟎𝟎𝟎𝟎 = 𝟐𝟐𝟐𝟐𝟐𝟐

C: w01
𝜸𝜸𝟏𝟏𝟏𝟏 = −𝟏𝟏𝟒𝟒∗

w0 Diff: 
𝜸𝜸𝟎𝟎𝟎𝟎 = 𝟒𝟒

T: w01
𝜸𝜸𝟏𝟏𝟏𝟏 + 𝜸𝜸𝟏𝟏𝟏𝟏
= −𝟏𝟏𝟗𝟗∗

w01 Diff: 
𝜸𝜸𝟏𝟏𝟏𝟏 = −𝟓𝟓

w12 Diff: 
𝜸𝜸𝟐𝟐𝟐𝟐 = −𝟒𝟒

w02 Diff: 
𝜸𝜸𝟏𝟏𝟏𝟏 + 𝜸𝜸𝟐𝟐𝟏𝟏 = −𝟗𝟗∗

T: w12 
𝜸𝜸𝟐𝟐𝟎𝟎 + 𝜸𝜸𝟐𝟐𝟏𝟏 = 𝟒𝟒

w2 Diff: 
𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟏𝟏𝟏𝟏
+𝜸𝜸𝟐𝟐𝟏𝟏 = −𝟓𝟓

w1 Diff: 
𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟏𝟏𝟏𝟏 = −𝟏𝟏



Example 1: Model for the Variance
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Wave1
Var=?

Wave2
Var=0

Tx Group “Latent” 
Difference 

Var=?

1

1

• Random effects were not used to model dependency
 Why? Given 2 slopes across 3 occasions, only 1 of the slopes could have 

a random effect  assumes parallel change for other time period!
 The only way to get 2 random slopes from

3 occasions is to remove the WP residual 
variance, which assumes BP differences in 
change are measured perfectly!
 Btw, this is the basis of two-occasion 

“latent” difference score models
(but latent variables are not magic)  

• Instead, an unstructured variance–covariance matrix was 
estimated across occasions, separately for each group
 Unstructured = different variances (and covariances) by occasion 
 Still implies differences in individual change (they just can’t be 

quantified separately from individual intercept differences)
 Separate matrices by group allows treatment differences 

in individual heterogeneity of mean levels and change



Example 1: Syntax by Univariate 
MLM Program (Stacked Data)
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SAS:
PROC MIXED DATA=work.Example1 COVTEST METHOD=REML;

CLASS ID wave GroupTx;
MODEL weight = w01 w12 Tx w01*Tx w12*Tx / SOLUTION DDFM=KR;
REPEATED wave / RCORR TYPE=UN SUBJECT=ID GROUP=GroupTx;

RUN; 

R (gls from nlme package)—not sure how to get a different unstructured R matrix by group, described here, 
and denominator DF will not be correct without follow-up commands:
gls(data=Example1, method="REML", model=weight~1+w01+w12+Tx+w01:Tx+w12:Tx, 

correlation=corSymm(form=~as.numeric(wave)|ID), weights=varIdent(form=~1|wave)) 

STATA:
mixed weight w01 w12 Tx w01*Tx w12*Tx, || ID: , noconstant variance reml ///

residuals(unstructured,t(wave) by(GroupTx)) dfmethod(kroger) dftable(pvalue)

SPSS—I don’t think you can get fully different unstructured R matrices by group, but I could be wrong, 
and only Satterthwaite DF are available:
MIXED weight BY ID wave WITH w01 w12 Tx 

/METHOD = REML
/PRINT = SOLUTION TESTCOV R
/FIXED = w01 w12 Tx w01*Tx w12*Tx
/REPEATED = wave | COVTYPE(UN) SUBJECT(ID).

https://rpubs.com/bbolker/6298


Time-Invariant Predictors 
and Treatment Effects 
in Longitudinal Models
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• Topics:
 Introducing time-invariant predictors
 Example 1: Between-group treatment effects on weight loss 

over three occasions in a randomized control trial (RCT)
 Example 2: Fluid intelligence predicting improvements 

in response speed across six short-term occasions
 Example 3: Between-group treatment effects in an RCT with 

multiple observations within repeated measures conditions
 Example 4: Within-person treatments in aggregated N-of-1 RCTs
 Longitudinal designs of individuals in groups



Example 2: Individual Trajectories 
101 older adults, 6 occasions within 2 weeks

Number Match Size 3 RT by Session

500

1000

1500

2000

2500

3000

3500

4000

4500

1 2 3 4 5 6
Session

M
ea

n 
RT

Number Match 3 Response Times (RT) by Session
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B1 older data

		Series		ID		AbReas		Ospan				kt1rt.1		kt1rt.2		kt1rt.3		kt1rt.4		kt1rt.5		kt1rt.6		kt2rt.1		kt2rt.2		kt2rt.3		kt2rt.4		kt2rt.5		kt2rt.6		nb1rt.1		nb1rt.2		nb1rt.3		nb1rt.4		nb1rt.5		nb1rt.6		nb2rt.1		nb2rt.2		nb2rt.3		nb2rt.4		nb2rt.5		nb2rt.6		nm3rt.1		nm3rt.2		nm3rt.3		nm3rt.4		nm3rt.5		nm3rt.6		nm5rt.1		nm5rt.2		nm5rt.3		nm5rt.4		nm5rt.5		nm5rt.6				peak.1		peak.2		peak.3		peak.4		peak.5		peak.6		grip.1		grip.2		grip.3		grip.4		grip.5		grip.6		syst.1		syst.2		syst.3		syst.4		syst.5		syst.6		diast.1		diast.2		diast.3		diast.4		diast.5		diast.6		pulse.1		pulse.2		pulse.3		pulse.4		pulse.5		pulse.6		sumfr6.1		sumfr6.2		sumfr6.3		sumfr6.4		sumfr6.5		sumfr6.6

		1		101		21		15.5				970		629		829		727		829		882		1407		983		1204		1057		1313		1047		1004		973		936		790		782		929		2095		1656		1544		1544		1731		1473		2888		2244		2364		2099		2476		2221		4240		4055		4449		4802		4705		4683				154		152		150		149		154		150		30		35		35		35		35		35		115		121		120		109		121		132		64		70		64		54		70		72		69		72		67		79		77		72		48		45		46		38		47		45

		2		102		26		21.5				908		956		865		1181		1125		1119		1819		1775		1292		1735		1835		1884		1590		1253		1311		1542		1354		1411				2847		2794		2514		3184		3161		2633		2389		2302		1967		2112		2248		4699		5028		4969		4273		4317		5336				210		230		210		200		250		240		26		25		20		20		20		25		123		116		126		125		135		125		68		71		70		72		73		68		78		90		80		83		86		77		41		53		45		54		61		48

		3		105		20		21				954		963		838		920		778		994		1119		1284		1366		1151		1172		1299		879		985		966		907		879		778		1715		1840		2579		1191		1419		1479		2297		1990		1950		1550		1805		1811		3587		3237		3840		3561		3574		3969				240		230		220		260		260		260		32		30		30		32		30		27		140		141		121		123		122		114		73		83		65		75		63		65		90		89		96		94		83		90		61		56		52		60		50		51

		4		106		20		21				985		729		648		597		585		695		1245		1122		1407		1166		978		1453		1514		1206		1526		1188		1334		947		2660		3211		1803		1855		1869		2135		1748		1425		1535		1578		1323		1422		3375		3812		3706		3079		4002		4150				280		300		270		280		260		280		40		38		40		43		35		35		139		148		148		136		142		139		80		77		76		76		75		75		79		82		78		76		77		80		39		44		31		40		32		36

		5		107		23		22				620		580		781		638		616		583		1004		829		1034		899		727		731		795		879		852		871		933		865		1102		1064		1056		1161		1111		1352		1637		1532		1640		1305		1516		1474		2709		2587		3453		2774		2297		2770				250		240		250		260		265		260		35		45		38		45		40		40		144		124		157		157		161		170		75		69		80		85		84		80		62		68		62		63		63		61		50		52		51		40		32		48

		6		108		19		17.5				652		927		682		780		691		631		1424		1381		1358		1355		1564		1383		1733		1414		1289		1214		1746		1829		2864		3386		2499		2623		2614		2563		2501		2330		2390		2365		2363		2287		5597		5361		5493		5570		4894		4802				160		210		200		230		200		250		20		19		20		25		20		25		162		167		177		164		152		152		75		79		81		74		74		65		69		76		80		71		74		66		44		42		41		53		40		46

		7		109		15		22				753		669		696		612		887		862		1110		1401		1334		1461		1619		1724		720		971		755		731		709		807		1529		1140		1470		1012		954		1052		1225		1329		1358		1444		1156		1164		2147		2563		2425		2544		1576		2589				250		210		230		200		200		200		22		35		32		30		20		35		76		87		87		91		101		96		51		57		61		65		64		67		86		79		73		71		78		85		61		59		69		63		65		62

		8		110		24		19.5				599		698		721		579		585		630		989		1094		1190		1206		1177		1069		1000		1967		1200		1102		1315		1041		2756		3180		3381		2590		1975		2656		1773		1858		1789		1459		1783		1698		3444		3739		3676		3131		3105		3899				265		250		250		260		260		272		45		43		45		42		42		50		138		122		155		113		113		117		70		65		73		64		63		68		63		65		60		60		59		58		26		34		22		20		40		36

		9		111		24		25				484		518		450		434		435		456		588		676		678		630		514		653		814		777		1077		1124		582		681		1583		1092		1099		1075		899		958		1259		1452		1278		1156		1248		1466		2694		2516		1856		2456		2954		3192				340		320		320		340		320		340		45		55		50		50		45		50		163		155		150		152		132		152		90		82		83		82		76		79		67		64		72		66		74		57		75		66		77		84		75		78

		10		112		29		24				661		585		582		648		679		516		1238		1064		1098		1231		1163		1029		828		1117		930		915		828		923		1925		2560		1653		1903		1883		1325		1973		1547		1391		1446		1453		1577		3785		3146		3794		3247		3065		3170				250		260		300		250		300		300		40		40		45		45		45		32		144		120		118		116		141		120		81		68		72		69		76		72		77		75		78		69		72		69		49		52		42		54		53		62

		11		113		21		22.5				931		598		726		743		692		751		1018		952		1041		1166		1021		1031		1155		944		1196		767		1304		671		2061		1278		1216		1202		1226		989		2005		1739		1665		1641		1680		1620		3528		2853		3166		3235		3345		3097				260		300		300		320		320		320		75		60		70		75		78		80		171		162		167		154		151		172		89		85		93		90		82		90		69		65		66		69		66		63		54		44		55		61		58		44

		12		116		16		20.5				469		627		477		448		467		461		715		1161		933		846		763		718		883		1172		785		1124		1008		862		3063		1612		1566		1808		1016		1593		1376		1372		1323		1341		1291		1154		2784		2577		2690		2653		2377		2398				220		200		200		260		270		320		40		45		38		40		38		37		200		177		167		159		146		165		88		78		76		80		79		77		85		74		73		80		79		84		59		47		56		55		57		49

		13		117		23		23.5				720		871		850		595		526		467				922		860		823		701		727		1161		1068		1141		1088		978		910		3143		2522		1963		2229		2415		2333		2002		1862		1715		1776		1966		1746		3069		3706		3425		3498		3443		3556				310		340		300		290		280		260		35		40		43		42		42		45		199		152		147		146		126		159		102		89		92		89		84		90		83		82		78		80		89		84		33		47		34		41		44		39

		14		118		16		22.5				914		873		776		829		689		691		1347		1212		1250		1164		1078		1215		1096		1089		772		940		771		773		2356		3235		1577		1275		1240		989		1816		1788		1651		1771		1685		1636		3109		3125		3384		3432		3479		3357				130		150		150		150		155		150		37		35		40		40		40		40		147		129		138		126		135		115		71		62		72		62		69		58		68		64		67		58		62		70		47		48		52		57		64		58

		15		120		24		20				545		512		510		468		569		514		958		1061		890		911		864		943		865		869		865		748		790		699		1307		1341		1362		1100		1110		1194		1203		1342		1351		1356		1366		1399		1829		2312		2261		2590		2173		2298				270		300		270		300		300		300		42		36		50		32		32		45		115		127		122		116		133		128		75		80		80		76		79		76		74		80		76		84		82		83		47		68		48		55		46		46

		16		121		14		16.5				567		775		709		496		567		647		611		1150		976		725		933		864		902		981		807		886		873		850		1549		1604		1119		1087		1158		1304		1882		1756		1977		2138		2579		1990		3792		4219		4040		3875		5119		3570				210		200		170		170		220		230		40		45		45		40		40		40		141		185		181		135		170		142		87		106		103		83		104		88		86		74		82		90		100		86		55		58		57		56		63		65

		17		124		20		19.5				762		628		587		545		626		624		856		894		888		919		912		868		954		927		846		863		673		848		1448		1198		1200		1015		998		1113		2065		2119		2027		2218		1755		1872		4946		4674		4010		4120		4474		4239				340		300		530		450		560		600		40		40		43		42		35		40		144		168		158		130		154		143		64		73		65		67		72		71		65		64		64		81		64		61		34		30		39		42		46		32

		18		125		23		15.5				1249		1031		1136		995		940		884		1294		1576		1852		1458		1347				2220		2095		1530		2000		1544		1307		2030		2477		1860		2001		1476		1583		2246		2234		1858		2046		2063		2008		3962		4166		3618		3654		3527		3267				300		300		310		270		320		310		30		28		29		32		26		32		139		129		132		141		120		139		71		70		67		74		65		70		69		69		79		73		82		69		27		22		35		27		27		20

		19		126		21		15				998		833		760		725		742		600		1701		1357		1148		1268		1249		1022		2939		2415		2258		1955		1903		2725		4235		3871		4375		4337		4779		4608		3462		1977		1997		2282		2406		2584		6002		4217		4329		4055		4144		4318				250		270		280		250		300		300		51		48		50		52		50		50		123		139		141		134		146		133		71		73		66		84		72		71		49		50		50		65		61		55		21		25		23		33		29		25

		20		127		18		19.5				868		702		587		653		600		548		1021		899		1001		1104		887		993		1167		1039		1150		952		792		925		1643		1368		1455		1434		1223		1309		2225		2204		2301		2233		2073		1970		3679		3963		3795		3839		4457		3919				480		480		520		500		540		550		52		53		55		45		48		42		102		101		113		95		102		105		62		57		64		55		62		56		63		63		83		62		84		68		32		38		45		48		37		41

		21		128		28		24				894		574		586		560		494		604		1506		889		821		912		778		935		1101		1089		1143		1049		1096		921		3260		2755		1950		1696		1870		2496		1635		1519		1606		1423		1556		1579		2915		2895		2632		2501		2414		2896				180		200		220		220		200		220		35		43		40		42		40		40		140		148		149		153		124		139		67		70		71		75		70		70		54		55		55		63		57		54		45		52		58		50		61		60

		22		129		16		18.5				709		525		811		628		617		552		1119		955		1266		1126		920		1078		1100		870		824		859		650		690		1225		1068		1095		1090		934		1103		2853		2274		2162		2343		2092		2051		4389		4186		4218		4180		4343		3971				160		280		210		250		240		280		43		40		43		35		39		40		150		148		137		136		139		121		82		88		80		82		87		75		66		69		68		66		68		73		46		32		48		56		49		50

		23		130		24		17.5				646		1042		567		594		574		447		853		831		576		865		741		716		1032		1238		914		1088		822		917		1654		1587		1341		1881		1410		1242		1483		1890		1652		1207		1596		1117		3030		3161		2974		2459		3339		3336				270		260		250		260		210		260		25		25		35		25		35		26		104		103		102		120		129		109		59		53		58		65		59		58		75		82		68		66		66		68		29		34		27		35		21		28

		24		131		11		28.5				1133		773		627		739		686		804		1417				1116				1054				2368		1680		1869		1632		1512		1627		2945		2357		2233		1990		2216		2160		3065		3004		2958		2611		2716		2657		6571		6237		5939		5260		4665		6598				300		250		250		240		240		260		45		55		50		45		42		50		149		177		169		140		139		135		76		71		73		77		78		74		68		62		72		66		65		61		44		57		67		65		50		60

		25		132		18		20.5				533		646		576		560		533		587		935		991		924		923		857		830		1332		1443		1061		1458		1007		1067		2016		1613		1703		1576		1395		1502		2307		2423		2109		2148		2464		2149		4323		4456		3888		4343		5236		4217				320		340		320		330		290		310		46		40		55		47		56		47		152		148		146		136		134		145		80		81		81		79		74		79		57		60		61		65		55		59		41		47		39		42		45		50

		26		133		24		17				680		623		513		580		649		860		1071		1222		1101		1061		1302		1169		966		922		852		1017		894		799		1666		1923		1548		1873		1980		1593		1918		1613		1317		1492		1532		1366		4952		3690		3444		3370		3356		2882				300		290		270		300		290		320		45		52		53		47		46		47		171		164		153		156		173		129		87		83		74		84		85		70		75		71		74		76		75		76		66		66		71		75		68		69

		27		136		23		17				748		746		735		673		663		749		1035		946						1045		1099		956		786		806		733		818		747		1590		2857		2894		2446		2327		2485		2113		2050		1708		1609		1603		1481		5111		4318		4299		3808		4227		3948				180		160		170		160		170		180		48		47		53		45		43		49		151		121		151		139		148		159		81		72		83		79		81		78		77		77		72		77		70		75		44		32		38		41		40		43

		28		137		14		12.5				979		724		796		691		554		665		1490		1326		1310		1197		1066		1215		1795		1120		1087		1008		1247		998		2838		1134		1895		1719		2037		1787		4159		3185		2853		2355		2286		2211		5058		4928		4587		4323		3943		4552				200		230		260		270		270		270		25		20		25		20		20		26		180		192		159		124		146		151		83		86		83		77		79		80		60		60		66		83		64		61		32		21		21		27		18		14

		29		138		24		21.5				664		658		593		533		566		525		1305		1161		1316		976		1023		934		1019		1103		1241		987		991		822		1898		2170		2195		1959		1974		1452		2119		2282		2084		2108		2391		1972		6222		5145		6287		5565		6035		4988				460		460		460		490		450		430		70		70		72		70		70		70		175		149		153		125		133		146		66		69		64		59		66		64		58		62		57		64		62		60		62		66		55		59		64		58

		30		139		22		20				697		650		546		536		564		650		1216		1105		738		946		916		970		1345		1696		1302		1262		1251		1294		2268		3278		3190		2193				2536		3231		3954		4086		3612		3291		3226		6262		6662		6420		5527		5781		5948				250		280		290		270		280		300		29		42		43		35		40		35		110		105		121		119		124		108		67		68		75		71		76		71		74		73		71		77		75		83		43		49		50		48		46		57

		31		140		18		12.5				1178		860		746		748		811		747		1948		1636		1523		1529		1484		1538		1154		907		835		884		832		857		2021		1571		1329		1349		1446		1183		3293		2856		2485		2437		2339		2323		5472		4846		4712		3950		4293		4152				410		400		430		400		430		410		93		88		93		100		80		85		166		145		163		177		154		149		88		87		88		95		109		86		84		86		80		82		88		87		24		28		16		17		21		16

		32		141		28		18				613		490		546		533		476		471		952		987		746		870		771		939		895		809		793		915		759		982		1555		1427		1161		1429		1263		1270		1414		1452		1506		1370		1322		1430		2678		2240		2617		2707		2270		2753				200		200		180		200		170		160		45		40		45		45		45		40		137		142		137		150		132		125		83		80		83		83		81		75		74		71		76		72		75		73		45		42		54		59		52		62

		33		145		20		22.5				600		550		574		468		502		456		1116		1010		993		919		988		818		1050		898		909		706		912		688		1569		1281		1341		1293		1103		1002		2325		2173		2202		2088		2327		2552		3402		4120		3564		3362		4807		4159				390		380		420		360		400		350		52		55		53		43		46		47		180		151		158		156		135		145		86		84		79		75		81		83		79		72		81		76		79		81		40		46		38		27		41		49

		34		147		21		20.5				728		562		554		498		472		462		762		910		612		799		661		672		763		857		664		624		596		672		1125		1115		1001		1166		873		864		1489		1394		1475		1374		1563		1449		2340		3178		2738		3380		2704		2999				500		500		530		550		550		540		78		80		78		75		80		85		121		131		107		128		124		126		65		72		58		81		65		68		73		74		70		66		77		67		31		35		43		45		50		48

		35		148		16		15				887		1019		901		855		1081		849		1468		1346		1321		1452		1067		1275		1109		1040		1057		1305		1099		1222		1694		2655		2844		4442		3129		3946		1863		1506		1613		1461		1787		1380		3053		2908		2961		3109		3224		2796				410		400		420		420		350		300		40		42		45		45		45		45		142		132		136		131		130		135		73		70		73		62		64		70		74		74		73		71		74		74		26		40		35		28		47		42

		36		149		20		23				814		572		621		723		610		551		1511		1515		1341		1339		1213		1370		1350		1176		1107		1270		1087		1030		2044		2149		1730		2040		1492		1455		2605		2447		2110		2274		1765		2018		5514		3411		3629		4262		3817		4003				260		270		260		270		240		230		75		75		75		83		85		80		121		118		134		111		133		122		73		68		81		64		72		58		78		86		72		78		75		67		49		45		50		60		54		60

		37		150		25		15.5				682		665		669		801		582		664		793		1060		1065		1516		1791		1301		1192		1077		1276		1111		1209		1175		2109		2064		1507		1839		2314		1948		2584		2321		2379		2134		1918		1781		4710		4438		4959		4596		3896		3662				310		300		300		310		310		300		45		43		45		45		45		45		154		137		133		134		147		138		82		77		81		80		81		76		64		83		70		81		78		76		37		38		37		40		44		36

		38		151		29		20				696		626		694		510		562		663		1567		1378		1260		1177		737		1126		2203		1498		1947		1932		1563		1118		2675		2651		2611		2248		2702		2041		2076		1943		1682		1840		1890		2007		4016		3472		3073		2730		3123		2874				350		330		350		350		370		350		60		60		55		58		60		60		140		125		132		127		119		145		84		76		80		81		79		83		75		83		79		78		81		77		44		48		47		51		55		34

		39		153		24		25.5				552		627		451		492		429		427		561		524		439		433		433		504		1013		750		680		661		586		648		1279		955		886		1033		865		848		1141		1171		1197		1100		1103		1019		2655		2090		2309		2233		1885		2474				350		360		350		350		360		380		85		85		80		75		80		80		157		152		146		153		153		155		84		82		77		108		76		80		80		77		74		71		77		75		61		61		57		66		60		63

		40		154		29		21				930		764		938		1044		854		916		1175		1626		1485		1535		1445		1419		917		937		970		901		1035		805		1771		1561		1775		1250		1508		1251		2019		1681		1922		1692		1736		1907		4099		3507		3868		3906		4086		4312				280		250		260		260		260		270		45		42		42		37		38		33		159		150		157		143		147		151		73		70		68		70		65		68		74		74		68		73		70		76		40		43		57		56		58		58

		41		501		20		25				987		669		820		964		849		694		1213		1390		1346		1358		1337		1178		935		1201		1024		873		936		904		1766		1570		1653		1621		1655		1375		1471		1464		1352		1344		1228		1233		2099		2686		2055		2107		1705		2205				330		330		310		300		300		310		56		52		55		62		44		35		126		118		112		100		101		106		62		65		77		59		57		57		61		61		59		61		59		66		54		56		47		59		53		47

		42		502		20		18				651		557		635				618		623		1146		883		893		786		859		713		1289		1097		1190		1251		1082		1181		2154		2077		2006		2204		1872		1437		1750		1394		1162		1103		983		1039		2726		2575		2241		2277		2042		2412				350		350		360		370		360		370		59		60		56		56		55		59		157		140		144		133		134		149		67		72		74		70		67		67		53		53		51		53		51		50		52		47		49		49		54		45

		43		504		28		18				552		528		553		527		505		538		1236		1082		988		1105		1055		987		978		957		941		979		848		948		1493		1691		1372		1288		1264		927		1774		2015		1879		1799		1702		1641		4192		3598		3750		3727		4013		3929				340		370		360		370		380		350		67		76		64		70		65		65		131		162		136		140		118		115		86		90		85		85		80		76		67		61		55		66		61		61		37		53		36		52		54		48

		44		507		18		18.5				726		736		633		626		644		723		1200		1206		1361		1222		1248		1329		1398		1420		1121		1151		1013		1066		1664		2122		2079		1500		1395		1268		2888		2428		2583		2521		2162		2293		5771		5376		4708		4897		4920		5250				210		250		200		200		200		240		56		62		32		63		46		44		124		120		120		123		107		117		84		78		82		78		71		77		73		67		76		73		79		78		42		58		38		53		49		26

		45		508		23		20				647		643		674		514		506		528		994		840		740		682		661		763		842		735		706		774		592		612		1342		1131		1027		918		800		801		1453		1515		1394		1348		1395		1338		3612		3282		3820		3637		3394		3709				350		310		300		300		310		300		44		45		44		44		44		44		176		164		152		142		140		153		88		92		87		80		81		85		68		68		67		76		79		67		54		59		47		66		46		58

		46		509		14		19.5				891		544		572		552		498		502		961		822		806		707		783		779		707		699		676		623		649		578		1190		1023		963		1049		1132		1444		1306		1351		1322		1287		1290		1506		1529		1871		1771		1803		2028		1999				580		600		600		560		570		590		120		116		132		120		120		120		146		144		140		144		137		144		94		94		89		86		91		89		80		78		69		69		74		68		42		33		44		42		43		39

		47		511		20		17.5				792		719		688		689		709		622		1199		1177		976		1085		1014		920		1196		1131		1066		1143		1222		1004		1902		2121		1780		2106		1924		1755		2298		2500		2129		1905		2112		1917		4495		4470		4660		3598		4920		4335				210		210		180		170		200		200		26		30		23		26		26		26		138		135		111		142		129		137		76		85		70		83		78		78		77		76		70		77		70		77		48		53		46		53		45		65

		48		512		27		21				775		559		541		575		590		573		1228		1247		1137				1276		1330		1238		1443		1238		1191		1287		999		1910		1961		1674		1514		1619		1506		2163		1975		2034		1802		1804		2068		4644		4246		4529		4998		4408		4712				470		530		460		480		480		470		90		98		98		98		101		89		120		105		118		108		117		107		70		61		65		64		69		61		74		66		64		74		68		67		38		33		12		44		27		32

		49		513		30		25				479		427		384		391		370		413		644		479		523		595		499		503		1034		774		863		752		765		669		2108		1278		1006		1175		946		818		1583		1281		1448		1243		1170		1196		2527		2330		2402		2396		2124		2090				490		490		430		470		470		480		120		127		117		122		123		125		138		143		145		145		148		140		80		86		87		85		85		82		72		72		76		75		78		77		58		77		55		66		71		62

		50		514		18		19				506		462		460		502		447		396		817		710		663		709		625		584		1012		944		867		808		835		757		2134		1568		1634		1101		996		1082		1772		1951		1870		1893		1478		1604		3069		2990		2999		3241		2426		3208				300		290		300		300		300		300		44		46		48		48		44		46		116		105		98		118		98		113		62		58		59		66		51		66		55		57		55		57		52		51		65		73		64		69		62		70

		51		515		27		22.5				521		596		468		495		445		437		1106		866		907		811		909		842		793		668		958		769		722		919		1298		1067		1059		1017		1137		951		1395		1301		1444		1421		1388		1285		2667		2309		2386		2616		2803		3085				500		530		510		510		530		530		100		100		100		100		100		89		171		169		155		156		157		155		98		94		87		86		87		92		80		75		72		68		74		73		52		55		56		63		50		58

		52		516		21		22.5				588		466		474		478		459		454		982		1014		874		809		729		770		1229		1191		1077		857		831		1182		3191		3691		2259		2937		3059		3364		1540		1430		1283		1331		1258		1161		2970		2764		2854		2742		2487		2419				440		520		520		520		530		530		97		100		101		106		100		101		139		128		129		131		128		127		83		73		77		76		73		75		61		66		62		66		65		66		51		59		42		47		48		54

		53		517		20		22.5				772		809		1068		567		677		685		1566		1415		1489		1065		1035		1256		1337		872		844		796		823		695		2139		1605		1416		1129		1072		934		1676		1329		1241		1286		1304		1160		2636		3217		2683		2936		1993		2730				300		310		300		300		300		300		46		42		44		52		46		42		121		148		133		138		148		143		69		80		76		75		78		79		88		81		81		75		81		81		46		50		36		51		44		49

		54		518		28		20				739		537		531		547		445		467		697		722		624		621		598		558		745		804		724		657		621		640		1588		1613		1341		1393		1194		1162		1218		1096		1076		930		1052		918		1931		1821		1399		1877		1482		1484				400		440		410		430		410		430		89		89		88		78		89		82		105		121		111		107		100		105		60		64		60		61		54		56		55		69		60		59		72		63		64		61		51		61		68		62

		55		519		22		21.5				615		600		540		456		456		470		962		952		814		1044		865		991		908		1005		912		1010		989		758		1717		1538		1901		1167		1366		1421		1336		1389		1294		1204		1190		1273		2448		2117		2565		2470		1785		2518				360		350		340		350		330		350		41		39		35		47		32		32		127		122		129		126		128		114		81		77		89		76		76		67		103		94		92		98		95		102		60		49		47		44		52		38

		56		520		18		16.5				878		872		950		944		796		929		1210		1461		1459		1470		1321		1405		1083		1343		1410		1516		2116		1816		2567		2154		1771		2257		2189		1979		1972		2252		2082		2016		1817		1737		5103		5010		3989		3601		3887		3937				270		200		200		240		250		200		54		44		48		44		56		48		179		151		146		178		159		163		97		85		79		101		92		91		81		84		94		82		80		78		57		52		43		52		54		43

		57		521		29		25.5				823		771		686		801		888		950		1247		1094		1254		1412		1266		1272		1379		1309		1211		1057		1151		1078		3070		1964		2036		1757		2001		1621		1861		1841		1781		2059		2397		2171		3428		3392		4104		4826		3941		5060				290		300		300		300		300		260		24		26		23		23		19		23		191		176		176		147		185		164		88		88		85		80		90		81		62		65		63		63		61		58		48		37		54		51		50		51

		58		522		20		19				887		983		699		659		619		795		1335		1384		1196		1404		1266		1247		1121		1201		1018		973		879		864		1681		1461		1342		1405		1942		1631		2350		2270		1777		2228		1790		2077		4336		3797		4409		4639		4099		4947				320		310		310		350		330		350		44		56		54		48		60		56		120		126		127		132		119		125		78		75		75		76		77		82		72		64		69		78		75		75		58		67		62		54		65		66

		59		523		19		20				897		858		724		724		754		693		1398		1199		1007		973		1053		996		976		813		830		828		843		835		2194		1877		1780		1421		1803		1719		1943		2118		1810		1949		1708		1875		3318		3836		3547		3172		3135		3067				380		370		370		400		410		350		85		79		89		79		79		84		136		125		129		134		120		130		82		79		76		80		76		83		67		75		78		73		80		65		43		37		38		42		53		50

		60		524		20		15.5				539		432		438		457		474		421		1335		1001		1021		829		969		976		1271		1142		1253		1163		1158		1075		1849		2023		1676		1693		1799		1867		2205		1725		1793		1717		2051		1943		4196		3916		3868		3795		3332		3609				310		350		300		300		300		330		52		62		56		56		59		55		127		133		129		135		135		140		77		75		75		74		84		80		64		72		68		77		68		71		44		51		48		42		53		43

		61		525		21		14.5				741		720		735		721		704		745		1044		864		1098		777		971		976		1143		1070		1185		1166		1056		1022		1704		1770		2008		2049		1582		1539		2137		2203		2226		2272		2357		2222		4047		3843		3743		3810		3853		3503				280		270		290		270		290		310		28		31		28		26		28		26		171		150		156		144		125		142		103		86		99		79		73		95		63		68		70		65		56		76		34		43		36		43		43		43

		62		526		20		16				821		539		608		551		587		587		1191		969		978		841		1016		858		911		838		1339		850		969		989		1617		1516		1907		1628		1336		1400		1867		1915		1946		1873		1913		1302		3789		3593		3651		3478		3630		2592				310		300		290		300		330		300		75		73		56		75		70		73		124		135		137		127		137		132		78		81		87		77		84		85		82		82		81		86		79		84		50		44		49		45		60		42

		63		527		21		21				840		844		837		900		788		1032		1083		1249		1120		1273		1082		1327		800		864		1035		785		740		844		1284		1369		1491		1459		1280		1334		1555		1404		1576		1420		1362		1266		2865		3107		3368		3078		2845		3609				140		151		180		200		200		180		52		56		59		55		56		52		121		102		99		100		107		98		76		69		66		68		66		67		74		71		72		91		85		67		46		42		40		49		52		43

		64		528		17		20				891		652		631		581		532		540		1367		1615		1574		1435		1129		1179		1487		1168		1048		1161		965		1213		2498				2752		2430		2218		2732		2299		2348		2441		3079		2689		2221		5751		5008		5652		5820		5538		5653				430		430		430		340		400		350		48		41		59		62		65		60		136		142		128		148		131		138		85		85		106		101		77		74		69		76		89		77		71		76		53		57		52		47		48		68

		65		529		20		16.5				727		685		520		569		656		551		989		1120		871		975		929		992		716		674		644		574		692		566		1412		1108		971		865		886		896		1307		1390		1062		1303		1459		1405		1245		1687		1485		1732		1909		2298				610		550		560		570		550		550		70		75		80		77		82		78		139		140		124		129		136		141		95		88		75		79		81		83		71		74		76		68		79		71		38		38		45		40		40		49

		66		530		29		23				856		631		578		504		562		546		1038		1062		935		931		986		922		733		780		725		656		758		654		1612		1904		2286		1747		1561		1789		1813		1591		1649		1474		1536		1634		4279		3647		3723		3895		3576		3477				390		370		400		360		380		400		52		55		52		55		50		55		143		134		127		115		127		139		81		76		78		76		79		79		78		81		76		76		75		73		39		37		29		44		33		47

		67		531		28		20.5				834		620		587		575		610		635		1151		1069		1054		1095		1078		1080		1057		918		967		979		1153		1145		1210		1430		1553		1576		1546		1661		2095		1925		2121		1964		2031		2106		3954		3846		4046		3988		4036		4269				330		300		300		330		330		330		54		53		65		58		60		60		148		125		144		120		138		139		82		72		75		68		81		81		75		80		73		83		75		75		52		58		59		63		51		54

		68		532		24		16				865		861		1116		563		595		640		1829				1126		707		1127		1004		907		794		920		819		840		883		1150		1143		1133		1096		1068		1070		2488		2243		2160		2437		2124		2393		4412		4523		4405		4270		3879		5090				250		270		250		250		230		280		43		44		40		40		40		37		144		130		144		146		127		125		84		83		87		92		82		85		69		70		71		72		76		72		55		53		45		61		49		58

		69		533		26		21				935		745		715		514		545		574		689		1019		1002		954		836		953		1435		1173		1568		1051		933		908		1947		1665		1776		1474		1242		1309		1960		1809		1575		1909		1575		1300		3954		3414		3430		3652		2953		3860				370		350		340		350		370		360		45		47		46		53		54		55		134		141		133		128		147		151		74		82		78		78		84		78		62		63		63		64		60		57		63		55		46		50		50		62

		70		534		26		20.5				794		549		553		687		567		552		1225		1070		997		1038		1162		1076		1134		1107		933		1136		945		960		2196		1977		2225		1956		1792		2106		1748		1705		2147		1624		1536		1603		3873		3994		3805		3345		3877		4100				260		250		230		260		270		300		46		57		55		50		60		55		174		175		175		177		150		162		104		110		98		99		79		91		71		64		63		60		66		73		48		59		65		60		42		65

		71		535		30		25.5				502		453		511		535		428		688		845		958		925		929		827		871		868		953		753		881		654		755		3158		2261		2376		1859		2524		3276		1450		1167		1260		1308		1152		1368		2523		2257		2102		2762		2494		2601				520		570		530		530		550		510		104		93		85		85		80		92		150		147		148		139		159		163		97		85		84		80		87		85		76		71		67		65		76		68		46		36		46		45		50		49

		72		536		28		20.5				721		692		641		611		661		501		1431		1141		1264		890		885		912		867		1035		932		1077		890		920		2442		1798		1630		2074		2089		1941		1761		1731		1642		2028		1730		1601		3699		3346		3154		3656		3252		3082				330		330		310		320		330		320		62		60		60		64		62		60		153		117		132		128		124		142		79		67		77		75		70		96		55		53		52		47		49		50		39		41		55		46		44		52

		73		537		27		21				1111		776		906		727		650		647		1635		1153		1117		1370		1103		1397		905		929		835		809		785		848		1623		1270				1448		1342		1127		1606		1149		1281		1249		1138		1213		2840		1995		2680		2055		2610		2916				210		260		250		250		230		220		52		28		37		40		35		32		135		121		127		110		122		118		83		79		76		72		74		70		82		84		92		88		96		87		50		43		61		46		36		56

		74		538		25		19				1040		855		802		732		757		787		1379		1432		1260		1320		1292		1300		1760		2068		1599		1904		1306		1212		3570		3588		2057		2235		1716		1556		1657		1781		1596		1658		1645		1384		3104		3112		2774		2669		2949		2749				360		360		370		350		370		370		60		64		65		62		60		62		152		148		132		146		121		128		91		80		85		86		75		81		71		66		75		71		77		70		77		51		48		59		59		47

		75		539		19		18.5				691		584		597		542		598		576		1081		1093		826		833		1080		1085		1099		1831		1028		927		908		927		1717		2066		1670		1099		1585		1522		1799		1578		1382		1218		1298		1166		2762		2420		2151		2110		2151		2004				300		300		300		300		310		310		38		35		40		35		38		40		102		103		92		103		103		101		54		60		55		59		62		59		58		67		62		64		60		60		37		45		41		39		49		32

		76		540		19		17				986		739		739		665		584		659		1294		1523		1569		1407		1529		1494		1209		1032		973		673		712		765		1360		1279		1348		1132		1178		1101		1613		1245		1315		1569		1371		1509		2685		2811		2859		2804		2641		2914				510		520		450		450		450		500		105		107		105		100		108		110		125		143		116		126		121		129		80		86		78		78		79		76		66		72		75		72		76		67		38		46		47		44		57		38

		77		541		18		22.5				766		704		628		630		669		603		826		953		999		760		701		746		1069		846		1240		912		757		991		2266		3058		3905		2957		2957		2900		2494		1778		1811		1571		1455		1492		4330		3284		3467		2515		3246		2565				350		400		400		380		350		360		88		83		82		80		90		85		146		132		137		126		128		131		84		79		85		77		76		82		48		71		71		67		65		67		49		50		49		62		46		63

		78		542		29		24.5				649		597		536		553		515		642		836		894		753		716		678		762		927		774		781		895		755		854		1418		1365		1157		1150		1211		1295		1625		1314		1392		1189		1310		1441		2476		2488		2376		1993		2377		2345				330		300		350		330		350		350		42		45		45		50		50		46		134		124		127		129		136		123		76		73		72		72		71		73		71		69		76		75		86		72		67		64		64		61		61		65

		79		543		17		22.5				825		606		637		600		560		542		1411		1304		1102		1128		1102		1209		1552		1160		1104		1686		1301		887		3970		2802		2910		2709		2268		2660		1584		1225		1163		1177		1214		1287		2033		2437		2151		2153		2195		2952				300		300		310		330		300		300		40		39		45		41		41		35		145		126		131		135		143		133		80		75		79		77		83		77		55		53		63		55		67		58		63		51		61		57		57		67

		80		544		27		19				874		699		648		757		653		565		1266		923		948		878		781		871		1214		1083		946		967		893		903		2206		1957		1879		1437		1432		1365		2493		2218		1892		1974		1973		2089		4797		3030		4077		4153		4097		4064				250		200		260		260		250		250		45		52		55		52		51		55		140		148		128		134		136		144		75		74		67		74		69		72		70		72		71		73		72		72		52		40		40		55		42		52

		81		545		27		23				664		472		524		593		501		611		797		783		806		840		725		836		685		732		728		637		646		636		1412		1206		979		944		916		734		1055		991		993		1090		1062		1007		1734		1716		1790		1788		2009		2018				550		560		600		600		610		560		91		82		87		85		86		81		156		152		144		163		131		135		82		81		76		81		91		73		73		73		78		65		73		76		57		53		54		46		62		54

		82		546		21		26				796		914		963		755		720		762		1706		1849		1460		1743		1436		1436		1134		953		848		931		946		885		1802		1995		2442		2182		2256		1368		2055		1898		1694		1830		1605		1667		4272		4010		4050		3825		3776		3921				400		400		370		370		400		380		45		55		53		55		56		60		159		169		132		135		131		147		106		82		77		81		76		81		80		72		80		73		77		76		43		56		56		51		43		57

		83		547		20		21				679		566		596		526		506		504		945		922		965		972		915		926		776		696		817		659		809		697		958		1352		1145		1170		1103		916		1613		1360		1417		1394		1250		1434		2988		2264		2342		2453		1821		2335				350		280		350		320		300		300		40		60		53		56		51		50		154		142		161		152		146		144		86		83		90		110		88		84		80		69		81		79		73		74		68		68		64		78		69		62

		84		548		15		21				664		661		558		566		936		554		1207		1360		935		1354		1229		1174		1441		2337		1612		2516		2205		2376		3065		3529		2528		3309		2727		3274		1868		1668		1686		1593		1603		1607		5327		3560		4021		3781		3404		3398				340		330		350		340		350		370		30		40		40		40		35		30		166		146		142		143		132		135		85		82		80		84		79		75		74		80		78		79		74		79		63		62		75		67		74		80

		85		549		26		24				577		461		529		534		541		560		1041		671		805		713		706		759		939		927		789		904		879		930		1368		1252		1354		1295		1240		1061		2321		1496		1837		1564		1670		1564		3338		2946		3016		3489		2820		3711				310		300		300		310		300		280		45		38		44		35		40		40		139		85		87		95		106		91		75		53		54		60		67		56		74		78		74		72		71		77		48		53		42		49		52		46

		86		550		30		25				713		598		547		552		460		498		875		648		707		574		623		578		990		907		889		850		741		817		1630		1194		1259		1410		1052		1037		1702		1321		1410		1432		1272		1412		2361		2675		2268		2825		2009		2745				590		640		600		600		600		630		69		60		70		75		65		73		178		148		154		144		128		143		94		85		85		82		73		82		63		67		59		62		81		73		46		58		51		55		53		53

		87		551		18		14				787		737		728		732		707		661		1372		1980				1585		1378		1528		2571		2399		2818		1852		1518		1642		2614		1871		2328		1814		1717		1938		2871		3416		2961		2687		2928		2806		5622		4818		4124		4653		4692		5682				220		240		250		250		220		250		45		40		45		45		50		46		145		124		118		129		159		127		79		74		101		69		85		67		80		75		85		81		80		74		40		50		53		54		54		35

		88		552		29		20.5				755		562		576		454		534		455		982		788		787		681		640		705		817		988		803		871		781		933		2150		1872		2041		2211		2592		2317		1637		1373		1278		1175		1215		1264		2913		2496		2664		2449		2712		2613				550		530		550		550		520		550		82		90		95		95		100		95		124		110		118		120		114		119		77		65		73		73		72		88		70		83		69		79		71		74		36		40		56		41		70		69

		89		553		25		22				848		762		665		752		693		678		1523		1511		1382		1283		1190		1250		1170		1495		1372		1613		1138		1167		2378		1823		2036		1724		1545		1478		2512		1963		2006		1820		1922		2067		5816		5540		6024		5304		5355		5119				260		310		310		310		340		330		26		30		34		38		40		35		154		169		140		153		143		154		72		78		73		74		76		75		60		60		62		66		68		61		42		51		51		57		50		65

		90		554		27		21				672		703		718		730		583		697		956		914		829		959		782		835		993		944		868		1189		906		893		1860		1595		1626		1586		1546		1393		1453		1438		1300		1396		1388		1411		3173		2975		3038		2842		2871		2952				350		350		350		350		350		350		60		60		70		68		60		60		168		137		141		150		143		162		83		82		74		80		81		83		64		79		74		72		73		73		63		44		53		63		62		53

		91		555		29		22.5				918		661		574		530		533		507		1742		1221		1085		1046		1072		845		1097		916		867		904		906		886		1740		1435		1203		1353		1060		986		2191		1756		1362		1460		1391		1363		3821		3426		3194		3315		3229		3386				500		540		530		510		530		530		80		85		95		82		93		95		127		118		111		109		114		114		80		76		70		67		71		71		50		49		54		49		52		56		67		53		61		68		63		55

		92		556		27		21				631		505		515		486		534		484		1793		1318		984		890		941		911		1610		1152		979		896		1466		1062		3027		2592		2962		3023		2872		2983		2325		2120		1817		2019		2022		1948		4597		5137		4343		4069		4415		4478				500		470		480		490		460		460		76		79		80		80		80		75		118		124		123		110		111		112		79		82		87		73		74		76		70		59		66		69		73		73		52		38		44		55		44		44

		93		557		18		19.5				669		598		508		517		509		433		1041		767		857		827		861		849		956		987		1105		1107		1127		909		2143		1837		1807		1647		1235		1335		2328		1785		1611		1588		1312		1110		2314		2010		2024		2087		1810		1477				350		300		310		300		290		300		43		50		47		43		48		55		140		134		145		125		134		123		82		76		79		74		83		71		68		67		67		70		67		71		40		46		53		39		43		47

		94		558		30		24				1205		1386		1315		1248		1423		1352		1848		1792		1686		1703		1745		1719		1256		1213		1326		1155		1184		1219		2703		2315		2522		2824		2953		2531		1725		1920		1685		1790		1945		1843		3221		3254		3112		2987		3799		3443				200		170		150		200		230		160		40		54		50		48		50		48		128		96		128		110		120		118		76		61		74		66		71		72		81		82		74		78		67		71		51		59		65		51		55		70

		95		559		32		24				698		527		735		665		685		700		926		1030		920		931		1002		841		676		937		908		764		788		899		1566		2162		2383		1783		1994		1588		1093		1131		1010		1081		1032		980		1665		1769		2092		2318		1850		1852				400		360		380		370		370		390		65		60		62		60		60		60		140		153		139		133		123		140		80		81		100		71		76		78		67		57		63		66		60		56		39		42		57		54		37		56

		96		560		30		25				750		706		572		678		569		567		1558		1194		1242		1287		1356		1073		849		955		909		797		678		840		2048		2067		1419		1655		1818		1559		1555		1275		1250		1281		1480		1395		3309		3199		3886		3333		2778		3296				280		280		290		270		310		300		35		35		37		35		35		38		157		132		148		156		139		154		108		75		81		111		72		83		95		84		90		71		91		76		37		50		56		45		42		53

		97		561		23		22				500		426		472		443		467		459		1070		834		1089		1157		952		898		935		910		736		761		827		814		1585		1150		1136		1354		1290		1324		1942		1905		1905		1870		1485		1751		3132		3606		2856		3021		3114		3198				530		520		520		530		530		510		130		137		145		145		140		140		131		138		119		140		142		123		77		73		67		71		90		72		88		87		95		91		97		90		49		39		49		58		52		49

		98		562		23		17.5				545		554		569		515		541		623		778		1114		1288		1014		1013		979		871		971		721		848		738		1007		1396		1178		1348		1127		1039		1113		1393		1753		1543		1389		1468		1316		3455		2840		3209		2759		2087		2702				280		300		250		260		300		260		44		48		46		46		45		47		194		123		123		101		104		109		85		70		80		61		58		67		50		56		56		57		54		49		48		42		41		43		42		42

		99		563		18		20.5				802		670		585		698		696		719		1071		1041		938		1014		865		909		1456		1002		1014		990		1009		858		2198		1572		1348		1664		1480		1413		1559		1590		1690		1617		1821		1469		5076		3042		3415		3026		3828		2985				340		350		360		350		350		340		28		43		45		40		40		43		151		134		146		155		140		145		83		80		79		81		74		75		84		85		88		88		81		86		42		44		40		54		51		47

		100		564		24		17.5				660		518		522		527		577		625		1135		962		981		924		939		904		707		754		693		709		609		706		1516		1597		1416		1349		1181		1184		1960		1746		1435		1456		1325		1387		2824		2568		2706		2420		2367		2267				480		480		500		480		500		500		85		95		100		100		100		103		128		128		146		153		107		134		100		79		94		90		76		86		80		66		71		65		114		72		44		51		50		45		46		47

		101		565		29		19				615		598		607		689		618		865		1024		1012		1082		1223		1178		1153		828		1050		748		874		784		849		1522		1284		1361		1531		1400		1315		1779		1460		1505		1433		1710		1627		1931		2542		2070		2357		2902		2309				280		240		260		260		280		270		32		43		38		40		42		45		129		127		119		119		113		116		74		79		66		75		67		71		64		63		70		64		70		62		47		39		46		56		45		59

		Mean				23		20				761		676		660		636		626		634		1167		1114		1062		1056		1023		1031		1138		1100		1045		1030		981		967		2003		1884		1792		1717		1661		1642		1962		1815		1750		1718		1707		1672		3661		3441		3441		3370		3338		3459				330		332		332		333		337		338		54		56		56		56		55		55		143		137		136		133		132		134		79		77		77		77		76		75		71		71		71		72		73		71		47		48		48		51		50		50

		SE				0.46		0.31				17		16		16		15		16		16		30		28		26		28		28		27		39		35		33		34		31		32		64		68		64		64		65		71		54		50		47		46		45		43		117		101		103		93		103		101				11		11		11		11		11		11		2.32		2.30		2.35		2.34		2.39		2.35		2.20		2.07		1.90		1.80		1.66		1.74		1.08		0.97		1.02		1.07		0.93		0.89		1.01		0.93		0.97		0.93		1.08		0.97		1.10		1.07		1.16		1.13		1.11		1.24

		Min				11		13				469		426		384		391		370		396		561		479		439		433		433		503		676		668		644		574		582		566		958		955		886		865		800		734		1055		991		993		930		983		918		1245		1687		1399		1732		1482		1477				130		150		150		149		154		150		20		19		20		20		19		23		76		85		87		91		98		91		51		53		54		54		51		56		48		49		50		47		49		48.5		21		21		12		17		18		14

		Max				32		29				1249		1386		1315		1248		1423		1352		1948		1980		1852		1743		1835		1884		2939		2415		2818		2516		2205		2725		4235		3871		4375		4442		4779		4608		4159		3954		4086		3612		3291		3226		6571		6662		6420		5820		6035		6598				610		640		600		600		610		630		130		137		145		145		140		140		200		192		181		178		185		172		108		110		106		111		109		96		103		94		96		98		114		101.75		77		77		77		84		75		80





kt1rt

		969.72		907.59		954.06		984.74		620.4		651.68		753.27		598.56		484		661.19		930.64		468.71		720.48		913.5		544.56		566.66		762.38		1249.09		997.58		867.53		894.02		708.56		646.23		1133.16		532.74		680.14		747.65		978.66		664.34		697.45		1178.49		613.08		599.89		727.65		887.22		814.48		682.08		696.07		551.81		929.88		987.18		651.36		552.05		726.23		646.97		890.8		791.72		774.6		479.35		505.52		521.49		588.49		771.92		738.66		614.93		877.81		823.3		886.77		897		538.61		740.62		821.41		839.77		890.89		726.7		856.02		833.52		865.35		935.21		794.35		501.97		721.25		1110.85		1039.84		690.73		986.05		766.37		648.53		824.93		873.74		663.59		796.07		679.36		664.23		576.83		712.85		787.3		754.52		848.39		672		918.32		631.23		669.32		1205.41		698.3		750.23		500.2		544.62		801.52		660.23		615.08

		629.44		955.67		963.32		729.23		579.93		926.76		668.9		697.7		518.22		584.65		598.2		627.48		870.77		873.16		511.94		774.89		627.97		1030.84		833.34		701.82		573.71		525.07		1042.21		773.43		646.28		623.35		745.86		724.47		657.71		649.68		860.02		490		550.28		562.39		1019.42		572.16		664.69		626.2		627.32		764		668.62		557.08		528.06		736.03		642.9		544.03		718.84		558.91		426.93		462.48		596		466.15		809.24		536.77		599.93		872.18		771.3		982.84		858.11		431.59		719.52		538.76		843.5		652.31		684.94		631.25		619.76		860.83		744.84		549.05		452.63		691.52		776.48		855.2		584.43		739.39		703.79		596.8		606.23		699.32		471.89		914.41		565.98		660.71		461.05		598.05		736.93		561.77		762.39		702.77		660.79		504.84		597.7		1385.91		527.33		706.05		425.67		554.44		669.77		518.11		597.62

		828.97		864.95		838.12		647.77		781.03		682		695.9		720.72		450.21		582		726.34		476.9		849.65		776.4		509.89		709.34		587.38		1136.43		760.11		586.81		585.75		810.84		566.5		626.82		576.1		513.45		735.37		795.5		592.95		546.41		745.66		546.37		574.27		554.36		901.47		620.61		668.76		693.83		450.6		937.63		819.5		635.42		553.15		632.71		673.79		571.66		687.98		541.44		384.3		459.58		467.77		473.97		1068.26		530.5		539.89		949.9		685.55		699.02		723.55		437.95		734.6		607.65		836.77		631.03		519.63		578.33		587.25		1116		715.07		552.88		511.33		641.39		906.07		801.91		597.34		739.31		628.05		535.86		637.05		647.79		523.57		962.86		596.05		558.26		529.44		546.57		728.4		575.67		665.09		717.66		574.37		514.71		507.67		1315.36		735.26		572.07		472.23		568.93		584.81		522.38		606.58

		726.88		1181.43		919.88		596.61		637.82		779.8		612.3		578.72		433.91		648.25		742.55		448.33		594.98		829.34		468.07		495.57		545.41		995.07		725.35		652.58		559.93		627.84		594.48		738.69		560.32		579.98		672.59		690.51		533.15		535.71		747.88		532.6		468.15		498.33		854.81		722.6		800.74		509.94		491.55		1044.05		963.98				527.48		625.73		514.21		552.46		689.16		574.86		391.08		501.83		494.55		477.71		567.21		547.4		455.57		944.16		801.14		659.02		724.09		456.61		721.07		551.43		900.34		581.11		568.95		504.42		575.13		562.7		513.91		687.32		535.1		610.89		727.11		731.5		542.12		665.18		630.42		553.21		599.59		757.23		593.05		755.43		526.41		565.67		533.98		552.17		732.06		453.78		751.7		730.09		530.27		485.55		516.85		1248.09		664.91		677.73		442.75		515.23		698		526.94		688.61

		828.63		1125.18		778.18		584.5		615.55		690.53		886.77		584.7		434.77		679.14		691.66		467.35		526.28		688.51		568.66		566.58		626.07		939.82		741.67		599.55		493.61		616.98		574.45		686.09		532.64		649.18		662.81		554.4		566.18		563.65		811.16		475.81		501.56		471.56		1081		609.74		581.89		561.85		429.07		854.02		848.8		618.07		504.62		643.5		506.08		497.94		708.81		589.69		370		447.3		445.43		459.41		676.83		444.64		456.41		795.61		887.57		619.27		754.3		473.83		704.49		586.66		787.77		532.46		656.41		561.98		610.41		595.3		544.67		567.41		427.64		660.77		649.91		757.45		597.65		584.23		668.93		515.32		560.13		653.05		501.14		720		505.82		936.32		541.05		459.88		707.42		533.7		692.81		582.95		533.2		533.97		508.67		1423.45		685.36		569.14		467.26		540.6		696.18		576.57		617.7

		882.07		1118.67		993.77		695.45		582.91		630.74		862.16		630.16		456.35		516.1		750.52		461.47		466.65		690.86		513.64		646.68		623.83		884.44		600.49		547.67		603.81		552.41		446.78		803.95		586.68		860.49		748.56		664.7		525.31		649.88		746.61		470.64		456		462.32		849.33		550.95		664.35		662.9		427.43		916.18		693.74		623.21		538.11		723.37		527.76		501.88		622.05		573.25		413.41		395.82		436.79		454		685		467.21		469.56		928.64		950.36		795		693.09		421.05		744.83		586.67		1032.34		539.54		551.3		545.59		634.73		640.36		573.91		551.77		688.07		500.91		647.44		786.82		575.51		658.57		603.05		641.93		542.47		565.08		610.64		762.32		503.98		553.64		560.3		498.12		661.2		454.7		678.18		696.82		507.42		483.58		433.25		1351.59		700.11		566.84		458.55		622.84		718.82		624.97		865.11



Session

Mean RT

Keep Track Pure RT by Session



kt2rt

		1407.35		1818.87		1119.05		1245.47		1003.77		1423.68		1110.41		989.2		587.57		1238.18		1017.96		714.98				1346.74		957.6		611		855.95		1294.13		1700.54		1021.07		1505.71		1118.81		852.68		1416.83		934.94		1070.65		1035.17		1489.76		1305.49		1216.46		1947.67		952.17		1115.78		762.1		1467.65		1511.07		792.83		1567.23		560.88		1175.33		1213		1145.84		1236.37		1199.62		993.5		960.57		1199.47		1227.84		643.89		817.23		1105.9		982.08		1566.48		697.13		962.39		1210.47		1246.8		1334.94		1398.22		1334.68		1044.3		1191.08		1083.28		1367.25		988.5		1037.57		1151.25		1829		688.95		1224.75		844.72		1431.26		1634.64		1379.3		1080.68		1294.43		826.3		835.7		1410.62		1266.41		797.31		1705.51		945.23		1207.2		1041.14		875.25		1371.79		982.45		1522.93		955.97		1741.58		1792.55		1040.6		1847.79		925.51		1557.85		1069.69		777.89		1071.18		1134.62		1023.53

		983		1774.75		1283.71		1122.44		829.44		1381.11		1400.93		1094.12		676.15		1063.57		951.68		1160.53		921.73		1211.94		1061.05		1150.29		893.97		1576.38		1357.32		898.98		889.1		955.11		830.7				991		1222.31		945.95		1325.5		1161.1		1105.3		1635.67		986.98		1009.55		909.94		1345.5		1515.11		1059.79		1377.7		523.74		1626.33		1390.19		882.8		1082.2		1206.05		839.89		822.36		1177.03		1246.55		478.88		709.77		866.12		1013.95		1415.41		721.71		952.1		1461.07		1093.63		1384.05		1198.94		1001.35		863.65		968.88		1249.03		1614.61		1119.5		1061.51		1068.5				1019		1069.84		957.52		1140.84		1153.06		1432.11		1092.58		1522.65		953.14		894.04		1304.21		922.64		782.63		1848.74		922.48		1360.04		671.38		648.16		1980		788.46		1511.21		913.62		1221.25		1317.56		766.92		1792.11		1030.38		1194.2		833.88		1113.84		1041.39		961.69		1012.07

		1203.84		1292.42		1366.29		1406.55		1033.98		1358.45		1334.14		1189.74		678		1097.87		1041.45		933.24		860.17		1250.24		889.74		976.29		888.25		1852.3		1147.5		1001.07		820.88		1266.45		575.69		1116.17		923.86		1101.16				1310.34		1315.67		738.38		1522.94		746.24		992.84		612.11		1320.88		1341.36		1065.23		1260.26		438.54		1485.13		1346.1		893.28		988.11		1361.24		740.47		805.56		975.74		1137.14		522.54		662.95		907.33		874.12		1488.79		623.84		814.15		1458.6		1253.88		1196.49		1006.57		1021.48		1098.43		978.49		1119.57		1574.35		870.83		934.91		1054.49		1126		1001.75		996.77		925.47		1264.21		1116.58		1259.77		825.97		1569.21		999.14		752.68		1101.6		947.5		805.6		1459.55		965.18		935.13		804.98		706.79				787.24		1382.29		829.35		1084.73		983.91		856.66		1685.77		919.85		1242.19		1089.29		1288.04		938.41		981.33		1082.21

		1056.78		1734.93		1150.95		1165.65		899.16		1354.97		1460.75		1206.21		630.35		1231.47		1165.81		846.4		822.8		1164.29		910.86		725.47		919.22		1457.55		1267.78		1103.93		912.05		1125.65		864.98				923.4		1060.9				1196.69		976.27		945.62		1528.67		869.82		918.86		799		1452.32		1338.91		1515.5		1176.59		432.64		1534.61		1358.45		786.38		1105.35		1222.27		681.73		707.07		1085.09				594.72		708.74		811.22		809.05		1065.48		620.52		1044.39		1470.45		1411.58		1404.24		973.3		828.66		777.36		841.32		1272.57		1435.13		974.53		930.99		1095.18		707.25		953.76		1037.86		928.94		889.54		1369.56		1319.96		832.51		1406.85		759.99		715.7		1128.18		878.03		839.89		1742.84		972.36		1354.28		713.45		574.4		1584.75		681.24		1283.47		959.44		1045.69		890		826.8		1703.41		930.5		1286.86		1157.1		1013.8		1013.96		924.05		1222.67

		1312.58		1835.01		1171.74		977.62		726.66		1563.74		1619.45		1176.53		514.13		1162.68		1020.5		762.53		701.42		1078.08		864.25		932.76		912.16		1346.78		1248.98		886.51		777.57		920.15		741.07		1054.16		857.12		1301.7		1045		1066.15		1022.66		916.08		1483.51		771.35		987.77		661.29		1067.29		1212.93		1790.67		737.13		432.53		1445.48		1336.81		858.79		1054.66		1247.67		660.53		782.9		1014.19		1276.43		498.84		625.24		908.57		729.22		1034.73		597.77		865.09		1321.32		1266.16		1265.61		1052.73		968.87		971.1		1015.91		1082.01		1129.14		929.11		986.1		1077.79		1126.8		835.75		1162.45		826.76		885.16		1103.25		1291.8		1079.67		1528.86		701.29		677.94		1101.67		780.83		724.95		1435.75		914.74		1229		705.79		622.57		1378.03		639.7		1189.69		781.82		1071.73		941.3		861.07		1745.11		1001.88		1355.67		951.77		1012.83		864.76		939.04		1178.47

		1047.32		1884.37		1299.09		1453.46		731.47		1383.04		1723.61		1069.29		653.38		1028.81		1030.61		718.02		726.52		1215.46		943.1		864.44		867.72				1021.98		992.78		935.18		1077.5		715.69				829.55		1169.41		1098.83		1214.64		934.11		970.34		1538.08		939.34		818		672.2		1274.78		1369.68		1300.79		1125.96		504.17		1418.88		1178.02		712.97		986.83		1329.26		762.54		778.75		919.63		1330.09		503.21		584.14		842.23		770.45		1255.7		558.03		990.63		1404.55		1271.95		1246.68		995.57		975.91		976.28		858.34		1326.89		1179.09		991.83		921.91		1079.63		1004.15		952.89		1076.24		870.59		911.65		1396.68		1300.22		1085.32		1494.27		745.62		761.6		1208.58		870.57		835.55		1435.88		926.25		1173.5		759		577.97		1527.67		705.29		1250.2		834.95		844.54		911.21		849.02		1719.38		840.99		1072.72		898.23		978.52		908.93		904.27		1152.57



Session

Mean RT

Keep Track Mixed RT by Session



nb1rt

		1004.47		1589.63		878.64		1513.63		794.92		1732.93		719.69		1000.37		814.36		828.37		1155.49		882.88		1161.1		1095.85		864.89		902.18		953.87		2219.67		2938.78		1167.34		1100.63		1100.29		1032.2		2368.14		1332.14		966.22		956.13		1794.68		1019.47		1344.52		1154.28		894.93		1050.23		762.55		1109.3		1349.69		1192.43		2202.79		1012.78		917		935.4		1289.3		977.78		1398.42		842.45		706.53		1196.07		1237.76		1034.26		1012.33		792.82		1228.85		1336.81		744.56		907.98		1082.77		1379.18		1120.51		975.95		1271.02		1143.34		910.91		800.03		1487.47		716.44		732.93		1057.49		906.56		1434.6		1134.33		868.47		866.72		905.19		1760.29		1099.46		1209.48		1069.03		927.05		1552.07		1214.19		684.63		1133.83		776.2		1440.64		938.82		990.41		2571.38		817.41		1169.98		993.32		1096.98		1609.74		955.55		1256.15		675.91		848.8		935		871.17		1455.71		707.23		828.34

		972.57		1253.32		984.67		1206.32		879.1		1413.91		970.88		1966.53		777.11		1117.46		943.85		1171.72		1068.23		1088.5		868.83		981.43		927.26		2095.11		2415.12		1039.04		1088.68		869.67		1238.32		1679.64		1442.52		922.22		786.32		1119.98		1103.28		1696.38		907.24		808.98		898.29		857.08		1040.19		1176.49		1076.72		1498.14		750.2		936.67		1200.93		1097.32		956.98		1420.43		735.48		699.27		1130.63		1443.16		774.46		943.58		667.64		1191.15		872.17		803.67		1004.68		1343.14		1308.56		1200.87		812.95		1141.75		1070.02		838.09		864.25		1168.07		674.49		779.85		917.72		793.72		1173.39		1107.13		952.79		1034.63		928.75		2067.73		1830.85		1032.37		846.19		774.29		1160.03		1082.93		732.12		952.77		696.08		2337.33		926.58		906.51		2398.51		988.24		1494.74		944.39		916.21		1151.78		987.21		1212.88		936.8		955.49		909.8		971.07		1001.84		753.54		1050

		936.22		1311.24		965.63		1525.91		851.64		1288.98		754.66		1200		1077.16		930.42		1195.98		785.28		1141.17		772.29		865.16		806.9		846.21		1530.14		2258.49		1150.16		1142.79		823.55		914.11		1868.58		1061.02		851.92		806.35		1086.85		1240.64		1301.98		835.1		793		908.65		663.9		1057.36		1107.48		1275.98		1946.61		679.95		969.83		1023.58		1189.67		941.35		1120.53		705.93		676.47		1065.55		1237.65		862.53		867.16		957.56		1076.92		843.61		724.03		911.66		1410.39		1210.78		1017.81		829.64		1252.75		1185.46		1339.29		1035.41		1048.05		644.27		724.52		966.74		919.65		1568.35		933.35		752.9		931.87		835.02		1599.37		1028.15		973.05		1240.16		781.38		1103.95		945.75		727.78		848.02		816.59		1612.45		789.42		888.6		2818.08		803.48		1372.43		868.48		867.45		978.79		1105.04		1325.6		907.78		908.8		736.47		720.91		1013.85		692.51		747.59

		790.25		1542.48		907.05		1187.9		871.42		1213.52		730.88		1101.91		1124.37		914.57		766.52		1123.56		1088.36		940.27		747.87		885.76		862.51		2000.24		1954.71		951.67		1048.61		858.78		1088.2		1632.23		1458.13		1017.4		733.07		1007.8		987.16		1262.49		883.75		915.47		705.95		623.8		1304.57		1270.31		1111.1		1932.27		660.68		900.78		873.35		1251.21		979.17		1150.98		773.89		622.6		1142.85		1190.83		752.44		807.67		768.71		856.8		796.19		657.09		1010.44		1515.65		1057.4		973.45		828.35		1162.91		1165.83		850.37		784.98		1161.37		573.73		655.95		978.83		819		1051.2		1135.51		881.22		1076.76		809.32		1904.14		926.58		672.71		911.67		895.2		1686.02		966.64		637.24		931.48		658.98		2516.46		904.02		849.75		1851.63		870.88		1613.04		1188.71		903.73		896.27		1107.45		1154.55		763.64		796.66		761.05		848.12		990.45		709.43		874.15

		782.42		1353.64		879.19		1333.92		932.89		1745.67		709		1314.56		581.76		827.85		1303.7		1007.51		977.88		771.27		790.42		872.59		672.84		1544.36		1902.51		792.2		1095.97		650.33		821.71		1512.17		1006.8		894.39		818.1		1247.15		990.55		1250.62		831.93		758.79		911.78		596.22		1099.24		1087.22		1208.53		1563.28		586.05		1034.98		936.45		1082.37		848.39		1012.88		592.42		649.18		1221.58		1287.45		765.17		834.64		721.95		831.37		823.2		621.38		989.37		2116.3		1150.61		878.76		843.32		1157.57		1056.25		969.15		739.64		964.92		691.5		758.2		1153.47		839.96		933.36		945		654.08		889.87		785.22		1305.98		907.73		712.05		757.47		754.87		1301.18		892.95		645.85		946.1		808.82		2204.92		878.87		741.18		1518.03		780.95		1138.13		906.25		905.64		1465.85		1127.05		1183.62		788.02		678.43		826.64		738.34		1009.49		608.67		784.35

		928.72		1411.33		778.34		947.44		865.18		1829.07		807.33		1041.22		681.18		922.76		670.83		862.35		910.07		773.29		699.45		850.1		847.95		1307.19		2725.28		925		920.81		690.44		916.85		1626.89		1067.31		799.42		747.48		997.76		822.49		1294.23		857.37		982		688.08		671.64		1221.52		1029.88		1174.66		1117.56		648.46		805.13		904.18		1181.38		947.83		1065.73		612.24		578.48		1003.76		998.88		668.51		757.21		919.4		1181.53		695.39		640.14		757.93		1815.72		1077.57		863.7		834.65		1075.34		1021.59		988.91		843.85		1213.15		565.67		653.72		1144.5		882.87		908.17		959.89		754.76		919.64		847.61		1212.1		926.66		764.82		990.75		853.59		886.89		903.27		635.66		885.28		696.76		2375.88		929.95		816.8		1641.63		932.63		1166.67		893.19		885.98		1061.57		908.75		1218.57		898.55		840.23		813.82		1007.35		858.45		705.66		848.63



Session

Mean RT

N-Back 1 RT by Session



nb2rt

		2094.65				1715.19		2660.25		1101.57		2864.35		1528.55		2755.89		1582.68		1924.64		2060.65		3062.56		3142.85		2355.55		1306.58		1549.38		1447.91		2029.76		4234.73		1642.52		3260.24		1225.12		1653.96		2945.05		2015.62		1666.09		1590.13		2837.96		1898.27		2268.39		2020.91		1554.91		1569.02		1124.95		1693.79		2043.88		2108.9		2674.51		1279.02		1771.34		1765.67		2153.98		1492.68		1664.44		1342.36		1190.38		1901.68		1910.29		2108.34		2133.6		1298.08		3190.82		2139.3		1588.23		1716.92		2567.13		3070.21		1681.3		2194.49		1849.14		1704.39		1617.22		1284.44		2497.98		1412.33		1612.05		1210.12		1150.05		1947.31		2195.77		3158.32		2441.51		1622.58		3569.88		1716.54		1360.47		2265.59		1418.06		3969.95		2206.27		1411.98		1801.95		958.43		3064.83		1368.19		1629.53		2613.9		2149.5		2377.92		1860.1		1740.43		3027.41		2142.86		2703.08		1565.8		2047.67		1585.13		1396.14		2197.81		1515.55		1521.66

		1655.72		2847.18		1840.43		3210.69		1064.06		3386.3		1140.13		3180.2		1092.3		2559.51		1278.29		1612.36		2521.57		3234.84		1340.96		1603.66		1198.05		2476.51		3871.24		1367.55		2754.98		1068.35		1586.64		2357.33		1612.76		1922.75		2857.44		1133.78		2169.6		3278.42		1571.38		1427		1281.23		1114.77		2654.78		2149.17		2064.35		2650.83		955.33		1561.32		1570.4		2076.96		1690.76		2121.65		1130.74		1023.4		2121.03		1961.24		1278.4		1568.15		1066.73		3691.48		1605.18		1612.75		1538.04		2153.65		1964.07		1460.68		1877.09		2023.14		1770.29		1516.49		1369.49				1107.7		1903.85		1430.41		1142.56		1664.69		1977.38		2260.55		1798.18		1269.6		3588.35		2066.22		1278.7		3058.4		1364.93		2801.53		1957.45		1206.28		1995.4		1352		3528.66		1252.02		1193.64		1870.84		1871.8		1823.04		1595.34		1434.89		2591.7		1837.36		2315.15		2161.76		2066.59		1149.8		1177.77		1571.9		1597.24		1284.32

		1544.48		2793.82		2579.2		1803.22		1055.96		2498.71		1469.89		3381.26		1098.78		1653.28		1216.05		1565.59		1962.58		1576.64		1362.43		1119.31		1199.83		1859.6		4374.82		1454.57		1949.64		1094.56		1340.56		2232.68		1702.95		1547.83		2893.6		1895		2194.56		3190.41		1329.49		1160.83		1341.3		1000.67		2844.15		1729.56		1507.29		2611.06		886.12		1775.41		1653.1		2005.74		1372.39		2078.87		1027.34		962.96		1779.86		1674.45		1006.09		1633.96		1059.36		2259.25		1415.55		1340.98		1900.75		1770.71		2036.07		1341.62		1779.5		1675.71		2008.47		1907.46		1491.31		2751.62		971.02		2286.18		1552.81		1133.1		1776.08		2224.55		2375.78		1630.09				2057.29		1670.12		1347.54		3904.59		1157.14		2909.56		1879.48		979.19		2442.15		1145.25		2527.51		1353.78		1259.12		2328.32		2040.96		2036.17		1625.51		1202.81		2961.82		1806.69		2521.81		2382.58		1418.71		1135.77		1347.94		1347.53		1415.66		1360.96

		1544.02		2514.06		1190.7		1854.68		1161.24		2623.4		1011.64		2590.22		1075.07		1902.96		1202.48		1807.78		2229.33		1275.38		1099.9		1086.78		1015.42		2001.08		4336.6		1434.23		1696.31		1090.33		1881.33		1990.43		1576.13		1872.91		2446.26		1719.04		1958.54		2193.41		1348.71		1428.96		1293.28		1166.14		4442.4		2039.96		1839.49		2248.24		1032.68		1250.07		1621.41		2203.71		1287.84		1500.33		918.16		1049.24		2105.5		1514.31		1174.76		1101.46		1017.11		2937.02		1128.87		1393.31		1166.61		2257.02		1757.49		1405.13		1420.52		1693.32		2048.54		1627.58		1459.4		2429.85		864.92		1747.37		1576.43		1096.48		1474.46		1955.73		1859		2074.35		1448.23		2235.09		1099.11		1131.52		2957.04		1149.9		2708.64		1437.09		944.17		2182.09		1169.62		3309.04		1295.29		1409.81		1813.53		2211.22		1724.41		1586.48		1353.07		3022.89		1647.29		2824.29		1782.98		1654.5		1354.14		1127.2		1663.56		1349.04		1531.2

		1731.11		3184.13		1418.85		1869.2		1110.64		2614.25		954.26		1975.23		898.87		1882.6		1226.4		1015.84		2415.38		1240.04		1110.05		1158.06		997.83		1476		4779.08		1222.94		1869.71		933.83		1410.32		2215.5		1395.25		1979.84		2326.97		2037.26		1973.96				1445.69		1262.76		1102.5		873.09		3128.82		1492.46		2313.59		2701.98		865.48		1507.61		1655.41		1872.45		1264.45		1395		799.63		1132.22		1923.6		1619.41		946.2		995.51		1137.07		3059.36		1072.17		1193.96		1365.76		2189.19		2000.74		1941.96		1803		1799.1		1581.8		1335.72		1280.23		2217.91		885.52		1560.81		1545.98		1068.16		1242.28		1792		2524.07		2089.35		1341.79		1716.48		1585.15		1177.8		2957.06		1211.4		2267.79		1431.56		916.32		2256.35		1103.27		2727.11		1240.45		1051.71		1717.34		2592.05		1545.25		1545.6		1059.93		2871.7		1235.39		2952.68		1994.39		1818.46		1289.58		1038.88		1479.84		1180.63		1400.12

		1473.3		3161.25		1479		2135.07		1351.65		2562.61		1051.86		2655.95		957.6		1325.05		989.48		1592.76		2333.28		988.51		1193.58		1303.74		1112.75		1582.58		4607.98		1308.84		2495.81		1102.87		1242.48		2159.82		1502.32		1593.44		2485.15		1786.86		1451.61		2535.8		1182.82		1270.13		1002.02		863.93		3946.14		1455.13		1947.51		2041.12		848.44		1250.75		1375.31		1437.28		927.27		1267.72		801.37		1444.4		1755.35		1506.33		817.55		1081.81		950.67		3364.06		933.71		1161.92		1421.33		1978.59		1620.83		1631.06		1718.55		1866.6		1539.44		1399.64		1333.81		2732.08		896.44		1788.93		1660.93		1069.71		1309		2105.63		3276.31		1941.27		1126.66		1555.79		1522.34		1101.26		2899.88		1295.4		2659.67		1365.14		734.41		1367.86		915.73		3273.61		1061.45		1036.68		1938.16		2316.85		1478.1		1392.62		985.62		2983.06		1335.13		2530.58		1587.72		1559.27		1324.11		1113.22		1412.6		1183.76		1314.58



Session

Mean RT

N-Back 2 RT by Session



nm3rt

		2887.5		2633.21		2297.18		1747.67		1637.07		2501.12		1224.93		1772.75		1259.08		1973.1		2004.57		1375.64		2001.82		1815.59		1203.11		1882.17		2065		2246.17		3462.43		2225.1		1634.85		2853.22		1483.26		3065.35		2307.28		1918.36		2112.56		4159.14		2119.35		3230.6		3293.42		1413.64		2324.58		1488.5		1863.04		2604.58		2584.04		2076.43		1140.56		2018.96		1470.86		1750.28		1773.59		2888.35		1452.79		1306.48		2298.24		2162.87		1583.41		1772.24		1395.03		1539.77		1676.07		1217.86		1335.68		1972.37		1861.13		2349.72		1942.82		2204.62		2136.83		1867.2		1555.38		2298.52		1306.89		1813.2		2094.69		2488.21		1960.27		1747.89		1449.93		1761.3		1606		1657.41		1798.8		1612.5		2494.29		1625.34		1584.17		2493.24		1055.4		2055.36		1613.17		1867.76		2321.33		1701.89		2871.24		1637.21		2511.63		1453.21		2191.08		2325.21		2327.67		1725.33		1092.79		1554.91		1941.73		1392.63		1559.14		1960.33		1779.09

		2243.93		2389.43		1989.67		1424.83		1531.57		2329.54		1329.17		1857.97		1451.83		1546.55		1738.77		1371.64		1861.93		1788.2		1342.17		1755.86		2118.7		2233.89		1976.62		2204.11		1519.32		2274		1890.46		3004.43		2422.81		1613.34		2050.37		3185.08		2281.62		3954.37		2856.18		1451.51		2172.64		1393.65		1506.07		2446.77		2320.52		1943.08		1170.79		1681.11		1463.67		1394.07		2015.23		2428.11		1515.23		1350.76		2499.62		1974.67		1280.6		1951.07		1300.77		1430		1328.79		1096.07		1388.73		2251.7		1841.14		2270.46		2117.9		1725.32		2202.83		1914.9		1403.53		2347.73		1389.76		1591.2		1924.57		2243.37		1809.37		1704.66		1167.1		1731.23		1149.48		1781.13		1578.27		1245.08		1777.97		1314.37		1224.5		2218.45		991.29		1898.03		1359.93		1667.68		1496.47		1320.97		3415.79		1373.13		1963.33		1437.53		1755.71		2119.93		1784.53		1919.6		1131.48		1274.54		1905.4		1752.66		1590.35		1746.44		1459.71

		2363.72		2302.3		1950.21		1534.7		1640.07		2390.31		1357.87		1788.9		1277.7		1391.23		1665.03		1323.38		1715.37		1650.9		1351.07		1977.1		2026.97		1857.5		1996.79		2300.57		1606.38		2162.1		1651.63		2957.77		2109.22		1316.7		1708.33		2852.52		2084.07		4086.14		2485.38		1505.96		2202.36		1474.92		1612.59		2110.07		2379.21		1681.63		1197.19		1921.7		1352.33		1162.43		1879.33		2583.04		1393.62		1322.47		2128.97		2034.23		1448.43		1869.86		1443.7		1283.1		1240.75		1075.88		1294.07		2082.24		1780.75		1777.24		1809.97		1793.14		2225.76		1945.86		1575.83		2441.2		1062.28		1648.8		2121.2		2160.14		1575.38		2146.87		1260.04		1641.93		1281.34		1595.59		1381.89		1314.5		1810.87		1391.97		1162.53		1892.33		992.93		1693.8		1417.1		1685.96		1837.13		1409.9		2960.76		1278.23		2006.17		1300.03		1361.68		1817.03		1610.88		1684.74		1010.04		1249.91		1904.53		1542.87		1690.33		1434.93		1505.13

		2099.33		1967.1		1550.03		1577.97		1305.37		2365		1443.85		1458.89		1155.9		1445.66		1641.07		1340.57		1776.21		1771.28		1356.03		2137.61		2218.33		2045.5		2281.75		2232.86		1423.41		2342.97		1206.5		2610.97		2147.67		1492.07		1609.07		2354.77		2107.76		3611.8		2436.91		1370.39		2088.17		1373.85		1461.35		2273.96		2134.26		1840.24		1100.19		1692		1344.37		1102.7		1798.6		2520.89		1348.03		1287.17		1905.37		1802.47		1243.33		1892.57		1421.03		1331.23		1286		930.46		1204.07		2015.52		2059.33		2227.53		1948.83		1717.07		2272.31		1873.23		1420.3		3078.7		1303.36		1474.03		1963.6		2437.14		1909.38		1624.03		1308.03		2027.75		1249.46		1657.93		1218.1		1569.21		1571.1		1188.67		1176.5		1974.14		1090.31		1829.8		1394.27		1592.97		1563.63		1432.43		2686.89		1175.37		1820.43		1396.37		1459.61		2018.54		1588.05		1789.83		1080.58		1280.87		1869.69		1389.04		1617.09		1456.14		1433.38

		2475.8		2111.79		1804.97		1323.23		1516.2		2363		1155.92		1782.9		1248.1		1452.93		1680.2		1290.57		1966.14		1684.97		1365.87		2579		1754.9		2063.1		2406.14		2073.24		1555.8		2092.33		1596.13		2716.07		2463.97		1532.14		1603.03		2285.93		2390.76		3290.98		2338.93		1321.7		2326.7		1563.28		1786.74		1764.54		1918.18		1889.64		1103.2		1735.67		1227.67		982.77		1701.53		2162.46		1394.62		1290.11		2111.5		1803.87		1169.77		1477.5		1388		1257.6		1303.67		1051.6		1190.34		1816.93		2396.93		1789.69		1708.27		2051.47		2356.67		1913.41		1361.93		2688.63		1458.59		1535.86		2031.07		2124.32		1575.33		1536.33		1152.07		1730.3		1137.9		1644.9		1297.72		1371.12		1454.77		1309.67		1214.33		1973.32		1061.62		1605.37		1249.57		1602.7		1669.5		1271.96		2928.22		1214.57		1922.43		1388		1391.11		2021.69		1312.46		1945.07		1031.93		1480.24		1485.4		1467.78		1820.87		1325.11		1709.93

		2220.67		2248.1		1810.57		1422.47		1473.87		2287.39		1164.29		1698.29		1466.07		1576.83		1620.23		1153.9		1746.45		1635.86		1399.13		1990.2		1871.83		2007.5		2584.07		1970.27		1579.13		2050.57		1116.83		2657.25		2149.21		1366.38		1480.73		2211.47		1972.24		3226		2322.98		1430.07		2552.45		1449.46		1379.92		2018.18		1780.57		2007.07		1019.11		1906.68		1233.13		1038.63		1641.23		2293.18		1337.69		1506.41		1916.97		2068		1196.27		1604.34		1285.27		1161		1159.93		917.67		1272.69		1736.76		2170.86		2076.7		1874.5		1942.53		2221.79		1301.52		1266.33		2220.93		1404.52		1634.23		2106.48		2393.4		1299.61		1602.6		1367.62		1600.77		1212.52		1383.54		1166.3		1509.14		1491.6		1441.47		1287.3		2088.57		1007.03		1667.03		1433.97		1607.03		1563.63		1412.33		2806.47		1264.47		2066.53		1410.6		1363.43		1947.51		1109.59		1842.98		979.96		1394.52		1751.02		1315.77		1469.47		1387		1627.11



Session

Mean RT

Number Match Size 3 RT by Session



nm5rt

		4240.37		4699.43		3587.18		3375.07		2708.78		5596.76		2147.29		3443.96		2693.86		3785.03		3528.03		2784.33		3069.08		3108.61		1829.1		3791.54		4946.37		3962.3		6002.33		3679.36		2914.62		4388.58		3029.96		6571.04		4322.64		4952.33		5110.96		5057.57		6221.61		6262.21		5472.31		2678.46		3402		2339.76		3053.04		5514.32		4709.77		4015.59		2655.26		4099.48		2098.67		2726.34		4192.33		5770.59		3612.03		1529		4495		4644.2		2526.76		3068.54		2666.83		2969.52		2636.18		1931		2448.15		5103.14		3428.46		4336.25		3318.04		4195.54		4046.57		3788.53		2865.1		5750.96		1245.18		4278.97		3954.15		4411.59		3954.31		3873.07		2523.1		3698.67		2840.22		3104.18		2762.12		2685.48		4330.38		2475.97		2033.43		4797.26		1734.38		4272.46		2988.17		5327.46		3337.77		2360.76		5621.93		2913.18		5816.1		3172.87		3820.66		4597.11		2313.72		3221.07		1665.38		3308.77		3131.85		3454.64		5076.08		2824.4		1930.92

		4054.79		5028.17		3236.61		3812.13		2587.31		5361.25		2562.7		3739.14		2516.31		3145.64		2852.93		2576.63		3705.54		3125.46		2312.04		4219.13		4673.89		4165.69		4217.03		3963.25		2895.2		4185.7		3160.67		6237.44		4456.15		3689.76		4317.93		4927.82		5144.72		6661.93		4845.57		2239.62		4120.14		3178.35		2908.46		3410.83		4438.12		3471.74		2089.52		3506.96		2685.76		2575.45		3598.47		5376.14		3282.13		1870.88		4469.96		4246.07		2330.22		2990.25		2308.97		2764.07		3216.67		1820.54		2117.21		5009.76		3392.15		3796.56		3836.2		3916.33		3842.89		3592.7		3106.79		5007.58		1686.71		3646.93		3845.62		4522.79		3414.17		3993.73		2257.48		3345.59		1995.12		3112.09		2419.79		2811.45		3283.9		2487.83		2436.88		3029.72		1715.59		4010		2264.03		3560.17		2946.32		2675.44		4818.21		2496		5540.34		2975.3		3425.82		5136.61		2010.13		3254.43		1769		3198.93		3606.27		2840.36		3041.64		2568.48		2542.39

		4449.23		4969.48		3840.17		3706		3453.41		5492.9		2424.73		3676.37		1855.97		3793.5		3165.66		2690.21		3425.22		3383.54		2260.55		4039.9		4009.61		3617.79		4329		3794.71		2632.26		4217.69		2974.33		5939.07		3888.48		3443.73		4299		4587.48		6286.8		6419.86		4711.69		2617.42		3564.31		2737.56		2960.63		3629.21		4958.68		3073.28		2309.12		3867.61		2055.48		2240.89		3750.37		4707.93		3820.43		1771.3		4659.86		4528.64		2401.67		2999.38		2385.83		2853.57		2682.59		1398.85		2565		3989.34		4104.07		4409.29		3547.07		3868.36		3742.6		3650.76		3368.1		5651.9		1484.88		3722.93		4045.57		4404.67		3429.96		3804.5		2102.39		3154.31		2680.36		2773.78		2151.31		2858.8		3466.67		2376.17		2150.86		4077.34		1789.81		4050.33		2342.37		4021.28		3015.73		2268.4		4124.1		2664.32		6024.2		3038.29		3194.21		4343		2023.71		3111.62		2092.14		3886.08		2855.79		3208.93		3414.79		2705.74		2070

		4802.43		4273.28		3560.68		3078.57		2774.03		5569.71		2543.92		3131.19		2456.26		3246.5		3235.37		2653.45		3498.29		3432.29		2589.6		3875.27		4120.1		3654.47		4055.14		3839.35		2500.64		4179.75		2458.54		5259.77		4342.56		3369.59		3807.93		4323.37		5564.5		5527.43		3950.14		2706.83		3361.5		3379.68		3109.36		4261.54		4596.44		2730.12		2233.36		3905.5		2106.7		2276.83		3727.14		4896.93		3636.52		1803.42		3598.13		4997.87		2396.24		3241.36		2616		2741.57		2936.23		1877.33		2470.28		3601.24		4825.71		4638.5		3172.04		3794.58		3810.48		3478		3078.17		5820.07		1732.43		3895.18		3987.7		4270.36		3651.59		3345.13		2761.97		3656.07		2055.29		2669.38		2110.1		2803.93		2514.86		1992.63		2153.46		4153.44		1787.83		3825.1		2452.79		3781.32		3489.1		2825.08		4653.42		2449.14		5303.59		2841.64		3314.96		4068.52		2087.44		2987.29		2317.83		3332.5		3021		2758.93		3026.29		2419.5		2357.09

		4704.67		4316.6		3573.63		4002.17		2296.96		4894.03		1575.78		3105.19		2954.03		3064.96		3345.1		2376.66		3443.33		3479.28		2172.57		5118.93		4474.37		3527.29		4143.79		4456.96		2414.48		4343.47		3339.12		4664.9		5235.85		3355.58		4227.04		3943		6035.29		5781.46		4293.43		2269.55		4806.54		2704.36		3224.08		3816.55		3896.14		3123.33		1884.76		4086.14		1705.04		2042.47		4013.17		4920.14		3394.3		2027.8		4919.72		4408.17		2123.7		2425.8		2802.97		2486.79		1993.03		1482.07		1785.11		3886.83		3941		4098.59		3135.19		3332		3852.93		3629.76		2845.27		5537.68		1908.64		3576.43		4035.87		3879.13		2952.93		3877.32		2493.72		3252		2609.63		2948.96		2151.29		2641.19		3245.97		2377		2194.82		4096.57		2008.81		3776		1820.71		3404.45		2820.27		2008.85		4692		2712.41		5355.04		2871.33		3229		4414.89		1809.82		3798.57		1850.07		2778.07		3113.5		2087.23		3827.79		2367.21		2902.12

		4682.93		5336.4		3969.36		4150.03		2770.1		4802.12		2588.86		3898.54		3192.38		3170.17		3096.73		2397.93		3556.45		3356.54		2298.1		3570.37		4239		3267.3		4317.93		3918.62		2895.67		3971.24		3335.54		6598.18		4216.74		2882.33		3948.03		4551.68		4987.93		5948.46		4152.07		2753.08		4158.86		2998.96		2796.12		4003.08		3661.64		2873.81		2474.2		4312.43		2204.61		2411.61		3929.37		5249.66		3708.59		1998.78		4335		4711.52		2089.97		3208.08		3085.28		2418.72		2729.58		1484.44		2517.76		3936.93		5059.69		4947.07		3066.79		3608.78		3503.29		2592.4		3608.83		5652.77		2298.29		3476.5		4269.3		5090.03		3859.79		4099.83		2601.4		3081.9		2916.15		2749.25		2003.6		2913.71		2564.8		2344.55		2951.68		4063.7		2017.64		3921.34		2335.03		3398.07		3710.9		2745.08		5682.07		2613.47		5119.34		2952.28		3386.1		4477.64		1477		3442.5		1851.85		3296.36		3198.36		2702.21		2984.57		2267.17		2308.65



Session

Mean RT

Number Match Size 5 RT by Session



peakmax

		154		210		240		280		250		160		250		265		340		250		260		220		310		130		270		210		340		300		250		480		180		160		270		300		320		300		180		200		460		250		410		200		390		500		410		260		310		350		350		280		330		350		340		210		350		580		210		470		490		300		500		440		300		400		360		270		290		320		380		310		280		310		140		430		610		390		330		250		370		260		520		330		210		360		300		510		350		330		300		250		550		400		350		340		310		590		220		550		260		350		500		500		350		200		400		280		530		280		340		480		280

		152		230		230		300		240		210		210		250		320		260		300		200		340		150		300		200		300		300		270		480		200		280		260		250		340		290		160		230		460		280		400		200		380		500		400		270		300		330		360		250		330		350		370		250		310		600		210		530		490		290		530		520		310		440		350		200		300		310		370		350		270		300		151		430		550		370		300		270		350		250		570		330		260		360		300		520		400		300		300		200		560		400		280		330		300		640		240		530		310		350		540		470		300		170		360		280		520		300		350		480		240

		150		210		220		270		250		200		230		250		320		300		300		200		300		150		270		170		530		310		280		520		220		210		250		250		320		270		170		260		460		290		430		180		420		530		420		260		300		350		350		260		310		360		360		200		300		600		180		460		430		300		510		520		300		410		340		200		300		310		370		300		290		290		180		430		560		400		300		250		340		230		530		310		250		370		300		450		400		350		310		260		600		370		350		350		300		600		250		550		310		350		530		480		310		150		380		290		520		250		360		500		260

		149		200		260		280		260		230		200		260		340		250		320		260		290		150		300		170		450		270		250		500		220		250		260		240		330		300		160		270		490		270		400		200		360		550		420		270		310		350		350		260		300		370		370		200		300		560		170		480		470		300		510		520		300		430		350		240		300		350		400		300		270		300		200		340		570		360		330		250		350		260		530		320		250		350		300		450		380		330		330		260		600		370		320		340		310		600		250		550		310		350		510		490		300		200		370		270		530		260		350		480		260

		154		250		260		260		265		200		200		260		320		300		320		270		280		155		300		220		560		320		300		540		200		240		210		240		290		290		170		270		450		280		430		170		400		550		350		240		310		370		360		260		300		360		380		200		310		570		200		480		470		300		530		530		300		410		330		250		300		330		410		300		290		330		200		400		550		380		330		230		370		270		550		330		230		370		310		450		350		350		300		250		610		400		300		350		300		600		220		520		340		350		530		460		290		230		370		310		530		300		350		500		280

		150		240		260		280		260		250		200		272		340		300		320		320		260		150		300		230		600		310		300		550		220		280		260		260		310		320		180		270		430		300		410		160		350		540		300		230		300		350		380		270		310		370		350		240		300		590		200		470		480		300		530		530		300		430		350		200		260		350		350		330		310		300		180		350		550		400		330		280		360		300		510		320		220		370		310		500		360		350		300		250		560		380		300		370		280		630		250		550		330		350		530		460		300		160		390		300		510		260		340		500		270



Session

???

Maximum Peak Flow by Session



gripmax

		30		26		32		40		35		20		22		45		45		40		75		40		35		37		42		40		40		30		51		52		35		43		25		45		46		45		48		25		70		29		93		45		52		78		40		75		45		60		85		45		56		59		67		56		44		120		26		90		120		44		100		97		46		89		41		54		24		44		85		52		28		75		52		48		70		52		54		43		45		46		104		62		52		60		38		105		88		42		40		45		91		45		40		30		45		69		45		82		26		60		80		76		43		40		65		35		130		44		28		85		32

		35		25		30		38		45		19		35		43		55		40		60		45		40		35		36		45		40		28		48		53		43		40		25		55		40		52		47		20		70		42		88		40		55		80		42		75		43		60		85		42		52		60		76		62		45		116		30		98		127		46		100		100		42		89		39		44		26		56		79		62		31		73		56		41		75		55		53		44		47		57		93		60		28		64		35		107		83		45		39		52		82		55		60		40		38		60		40		90		30		60		85		79		50		54		60		35		137		48		43		95		43

		35		20		30		40		38		20		32		45		50		45		70		38		43		40		50		45		43		29		50		55		40		43		35		50		55		53		53		25		72		43		93		45		53		78		45		75		45		55		80		42		55		56		64		32		44		132		23		98		117		48		100		101		44		88		35		48		23		54		89		56		28		56		59		59		80		52		65		40		46		55		85		60		37		65		40		105		82		45		45		55		87		53		53		40		44		70		45		95		34		70		95		80		47		50		62		37		145		46		45		100		38

		35		20		32		43		45		25		30		42		50		45		75		40		42		40		32		40		42		32		52		45		42		35		25		45		47		47		45		20		70		35		100		45		43		75		45		83		45		58		75		37		62		56		70		63		44		120		26		98		122		48		100		106		52		78		47		44		23		48		79		56		26		75		55		62		77		55		58		40		53		50		85		64		40		62		35		100		80		50		41		52		85		55		56		40		35		75		45		95		38		68		82		80		43		48		60		35		145		46		40		100		40

		35		20		30		35		40		20		20		42		45		45		78		38		42		40		32		40		35		26		50		48		40		39		35		42		56		46		43		20		70		40		80		45		46		80		45		85		45		60		80		38		44		55		65		46		44		120		26		101		123		44		100		100		46		89		32		56		19		60		79		59		28		70		56		65		82		50		60		40		54		60		80		62		35		60		38		108		90		50		41		51		86		56		51		35		40		65		50		100		40		60		93		80		48		50		60		35		140		45		40		100		42

		35		25		27		35		40		25		35		50		50		32		80		37		45		40		45		40		40		32		50		42		40		40		26		50		47		47		49		26		70		35		85		40		47		85		45		80		45		60		80		33		35		59		65		44		44		120		26		89		125		46		89		101		42		82		32		48		23		56		84		55		26		73		52		60		78		55		60		37		55		55		92		60		32		62		40		110		85		46		35		55		81		60		50		30		40		73		46		95		35		60		95		75		55		48		60		38		140		47		43		103		45



Session

Pounds

Maximum Grip Strength by Session



syst

		115		122.5		140		138.5		143.5		162		75.5		138		163		144		170.5		200		199		146.5		115		141		144		138.5		123		102		139.5		149.5		103.5		149		152		171		151		180		174.5		109.5		165.5		136.5		179.5		120.5		141.5		121		154		140		157		158.5		125.5		156.5		131		124		176		146		137.5		120		137.5		115.5		171		139		120.5		104.5		127		179		191		119.5		135.5		127		170.5		123.5		120.5		136		139		142.5		148		143.5		134		174		150		153		135		152		102		124.5		145.5		133.5		145		139.5		156		158.5		154		166		139		177.5		144.5		123.5		153.5		167.5		127		118		140		128		139.5		157		130.5		193.5		150.5		128		129

		120.5		116		141		147.5		124		167		87		121.5		154.5		119.5		161.5		177		151.5		128.5		126.5		185		167.5		129		139		100.5		148		147.5		102.5		176.5		147.5		164		121		191.5		149		105		144.5		142		151		130.5		132		118		137		125		152		149.5		118		140		161.5		120		163.5		144		135		104.5		142.5		105		169		128		147.5		120.5		121.5		151		175.5		126		125		132.5		149.5		134.5		101.5		141.5		139.5		133.5		125		129.5		140.5		174.5		146.5		116.5		121		148		103		143		131.5		123.5		125.5		148		151.5		168.5		142		145.5		85		148		123.5		110		169		136.5		117.5		123.5		134		96		153		131.5		138		122.5		133.5		128		126.5

		120		125.5		120.5		147.5		157		176.5		86.5		154.5		150		117.5		166.5		167		147		137.5		122		180.5		157.5		131.5		140.5		113		148.5		136.5		102		169		146		152.5		151		159		153		121		163		137		157.5		107		135.5		134		132.5		132		146		157		111.5		143.5		135.5		119.5		152		139.5		111		118		145		98		154.5		128.5		132.5		111		128.5		146		176		126.5		129		128.5		155.5		136.5		98.5		128		123.5		127		143.5		143.5		133		175		148		132		126.5		132		92		115.5		136.5		127		131		127.5		143.5		131.5		160.5		141.5		87		154		118		117.5		140		141		111		122.5		144.5		127.5		138.5		148		119		123		146		146		118.5

		108.5		125		123		136		156.5		164		90.5		113		152		116		153.5		159		145.5		126		115.5		135		129.5		140.5		134		95		152.5		136		120		140		135.5		155.5		138.5		123.5		125		119		177		149.5		155.5		127.5		130.5		111		134		126.5		153		142.5		99.5		132.5		139.5		123		141.5		144		142		108		145		117.5		155.5		131		137.5		106.5		125.5		178		147		131.5		134		135		144		126.5		99.5		147.5		128.5		115		119.5		145.5		127.5		176.5		138.5		127.5		109.5		146		102.5		126		125.5		129		134.5		134		162.5		134.5		152		142.5		94.5		143.5		129		119.5		152.5		150		109		109.5		124.5		110		133		155.5		139.5		101		155		153		119

		121		134.5		122		142		161		151.5		101		112.5		131.5		140.5		150.5		146		125.5		134.5		132.5		169.5		154		119.5		146		101.5		123.5		139		128.5		139		134		172.5		148		145.5		133		124		153.5		131.5		135		124		129.5		132.5		147		119		152.5		147		101		134		117.5		107		140		136.5		129		117		147.5		98		157		127.5		148		100		128		159		185		118.5		119.5		134.5		125		136.5		107		130.5		135.5		127		137.5		127		146.5		150		159		124		121.5		121		102.5		120.5		128		135.5		143		135.5		131		131		146		132		106		127.5		159		113.5		143		143		113.5		111		134		120		123		138.5		141.5		103.5		139.5		107		113

		132		125		113.5		139		170		151.5		95.5		117		151.5		119.5		172		164.5		158.5		114.5		128		141.5		142.5		138.5		132.5		105		139		121		108.5		135		145		128.5		158.5		150.5		145.5		108		148.5		125		144.5		125.5		134.5		121.5		137.5		145		154.5		150.5		105.5		149		115		117		152.5		143.5		136.5		106.5		139.5		112.5		154.5		127		143		105		113.5		162.5		163.5		124.5		129.5		140		142		131.5		98		137.5		140.5		139		138.5		125		150.5		161.5		163		141.5		118		127.5		101		128.5		131		123		133		143.5		134.5		146.5		144		135		91		142.5		126.5		119		153.5		162		113.5		112		122.5		118		139.5		153.5		123		109		145		134		116



Session

Systolic Blood Pressure by Session



diast

		64		67.5		72.5		80		74.5		74.5		50.5		69.5		90		80.5		89		88		102		71		74.5		86.5		64		70.5		71		62		67		81.5		58.5		75.5		79.5		87		81		83		66		67		88		82.5		85.5		65		72.5		73		82		83.5		84		72.5		61.5		66.5		85.5		84		87.5		93.5		75.5		69.5		80		61.5		98		83		69		60		80.5		96.5		87.5		78		81.5		76.5		102.5		78		76		85		95		81		82		84		73.5		104		97		78.5		82.5		90.5		54		79.5		83.5		76		80		74.5		82		105.67		86		85		75		93.5		79		77		71.5		83		79.5		78.5		81.5		75.5		80		107.67		76.5		84.5		82.5		100		74

		69.5		71		83		77		69		78.5		56.5		65		81.5		68		84.5		78		88.5		62		79.5		106		72.5		70		73		56.5		69.5		87.5		53		70.5		80.5		83		72		85.5		68.5		68		87		80		84		71.5		69.5		67.5		77		76		81.5		69.5		65		71.5		89.5		77.5		91.5		94		84.5		60.5		85.5		57.5		93.5		73		79.5		64		76.5		84.5		87.5		74.5		79		74.5		85.5		80.5		69		84.5		88		75.5		71.5		83		81.5		110		84.5		67		78.5		79.5		60		86		78.5		73		74.5		74		80.5		82		83		82		53		85		74		64.5		77.5		81.5		76		82		76		61		81		75		72.5		69.5		79.5		78.5		78.5

		63.5		69.5		64.5		76		80		81		60.5		73		83		72		93		75.5		92		71.5		79.5		102.5		65		67		66		64		70.5		80		57.5		72.5		80.5		73.5		83		82.5		63.5		75		87.5		82.5		79		58		72.5		80.5		81		80		77		68		77		73.5		85		81.5		86.5		88.5		70		65		87		59		86.5		76.5		76		59.5		88.5		78.5		84.5		74.5		75.5		75		99		86.5		66		105.67		74.5		78		75		87		77.5		97.5		83.5		77		75.5		84.5		55		77.5		84.5		72		78.5		66.5		76		77		90		80		53.5		84.5		100.67		72.5		73		73.5		70		87		79		74		99.67		81		66.5		80		78.5		93.5		66

		54		71.5		75		75.5		84.5		73.5		65		63.5		81.5		69		90		80		88.5		61.5		75.5		82.5		66.5		74		83.5		54.5		75		82		65		77		79		84		79		77		58.5		71		94.5		82.5		75		81.33		62		64		79.5		80.5		107.67		70		59		70		85		77.5		79.5		85.5		83		63.5		85		65.5		85.5		75.5		74.5		60.5		76		101		80		75.5		80		73.5		78.5		76.5		67.5		101.33		79		76		68		91.5		78		98.5		80		74.5		71.5		85.5		58.5		78		76.5		71.5		77		73.5		81		80.5		109.67		83.5		60		81.5		69		72.5		73.5		80		66.5		72.5		73.5		66		71		111.33		71		61		80.5		89.5		74.5

		70		73		63		74.5		83.5		73.5		63.5		62.5		75.5		76		81.5		79		84		68.5		79		104		71.5		64.5		72		62		69.5		86.5		59		77.5		73.5		85		80.5		78.5		66		76		109		81		81		65		64		72		80.5		78.5		76		65		56.5		66.5		80		71		81		91		78		68.5		84.5		51		87		72.5		77.5		53.5		75.5		92		89.5		76.5		76		84		72.5		83.5		65.5		77		81		78.5		80.5		82		84		79		86.5		70		74		75		61.5		79		76		70.5		82.5		68.5		91		75.5		87.5		79		67		73		85		71.5		76		80.5		70.5		73.5		83		71		75.5		72		90.33		58		74		75.5		66.5

		71.5		67.5		65		75		80		65		67		67.5		78.5		71.5		90		76.5		90		58		76		88		71		70		71		55.5		69.5		75		58		74		79		70		78		80		63.5		70.5		86		75		82.5		68		69.5		58		75.5		83		79.5		68		56.5		66.5		75.5		76.5		84.5		88.5		77.5		61		82		65.5		91.5		74.5		78.5		55.5		67		91		81		81.5		83		80		94.5		84.5		66.5		74		82.5		78.5		81		85		77.5		91		84.5		96.33		69.5		81		58.5		76		81.5		72.5		76.5		72		72.5		80.5		83.5		74.5		55.5		81.5		66.5		88		75		82.5		70.5		76		71		72		77.5		83		71.5		66.5		74.5		85.5		71



Session

Diastolic Blood Pressure by Session



pulse

		68.5		77.5		90.25		78.75		62		68.75		85.5		63		66.5		77		69.25		84.5		83.25		68.25		73.75		85.5		64.75		68.75		49.25		63.25		54.25		65.75		74.5		67.5		56.75		74.75		77.25		60.25		57.75		73.75		83.5		74		79		73		74		77.75		64.25		75.25		80		74		61		53		66.5		73		67.5		80		76.5		73.75		71.5		54.75		79.5		60.75		87.5		55.25		102.75		81		61.5		72.25		67		63.75		62.75		82.25		74		69		71.17		78.25		74.5		69		62		70.5		75.5		54.75		82.25		71.25		57.5		65.75		47.5		71.25		55.25		70		72.5		80.33		80.25		74		73.75		63.25		80.25		70.25		60		64.25		49.5		70		67.75		81.25		67		95.17		88.25		50.25		83.75		79.83		63.75

		72.25		90.25		88.75		81.5		68		76.25		78.5		64.5		63.75		75		64.75		74.25		81.75		64		80		73.75		63.5		69		49.5		63		55.25		69.25		82		61.75		60.25		70.75		77.25		59.5		61.75		73		86		71		71.75		74		73.75		86		83		82.5		77		73.5		60.5		53.25		61.25		67		67.5		77.75		75.75		65.75		71.75		57		74.5		66.25		81.25		69.25		94.25		84.25		64.75		63.75		74.5		72		68.25		82		71.25		76		74		81.25		79.5		70.25		63.25		63.67		70.75		53.25		83.5		66.25		66.5		72		70.75		68.5		52.75		72		72.5		72.25		69.25		79.75		77.75		67		74.75		82.75		60.25		79.25		49.25		58.75		66.75		81.75		56.75		84.25		87.25		55.5		84.5		66.25		63.25

		66.75		79.5		95.5		78		61.75		80		72.5		59.75		72.25		77.5		66		73		78		67.25		75.5		81.75		64.25		79		49.5		82.75		55.25		67.75		68.25		71.75		60.75		74		72		66.25		57		71		80.25		75.5		80.5		69.5		72.75		72.25		70		78.5		74.25		68		58.5		51		55		76		66.5		68.75		70		63.75		75.75		54.75		72		62.25		81		59.5		91.75		93.5		62.75		69.25		78.25		68		70		81.25		71.5		88.67		76.25		75.75		73.25		70.5		62.5		63.25		66.75		51.5		92.25		74.75		62		75		70.5		76		62.5		70.75		77.5		79.5		81		78		73.75		59.25		84.83		69		61.75		74.25		53.5		65.75		66.75		73.75		62.67		90		94.75		55.75		88		70.75		70
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Example 2 Mean RT by Session: 
Baseline Models for the Means

MIRMD: Lecture 2 20

Saturated Means (ANOVA) Model 
= 6 parameters (1 mean per session)

Empty Means Model = 1 fixed intercept
(means predicted to be equal over sessions)



Example 2 Variance in RT by Session: 
Baseline Models for the Variance
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Unstructured Variance–Covariance Model 
= 21 parameters (all variances and covariances)

Random Intercept Only Model 
= 2 parameters (𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎 and 𝛔𝛔𝐞𝐞𝟐𝟐)
(variances predicted to be equal over sessions)



Random Quadratic Time Unconditional Model
Level 1:     RTti = β0i + β1iTimeti + β2iTimeti

2 + eti

Level 2 Equations (one per β):
β0i = γ00 +      U0i

β1i = γ10 +      U1i

β2i = γ20 +      U2i

MIRMD: Lecture 2 22

Fixed Effect Subscripts:
1st = which level-1 term
2nd = which level-2 term

# of Possible Time-Related 
Slopes by # of Occasions (n):

# Fixed time slopes = n – 1
# Random time slopes = n – 2

Need n = 4 occasions to fit 
random quadratic time model

Intercept
for person i

Linear Time 
Slope for 
person i

Quadratic 
Time Slope
for person i

Fixed (mean) 
Intercept

Fixed (mean)
Linear Slope

Fixed (mean)
Quad Slope

Random 
(Deviation) 
Intercept

Random 
(Deviation) 
Linear Slope

Random 
(Deviation) 
Quad Slope

Time = session − 1
REML estimation using 
stacked data (univ MLM)
Ui covariances also estimated



MIRMD: Lecture 2

Adding Reasoning (0=22) as a Time-Invariant Predictor:
Is RT Improvement Predicted by Fluid Intelligence?

Level 1:  RTti = β0i +  β1iTimeti + β2iTimeti
2 + eti

Level 2 Equations (one per β):
β0i = γ00 +    γ01Reasi  +   U0i

β1i = γ10 +    γ11Reasi   +    U1i

β2i = γ20 +    γ21Reasi   +    U2i

23

Intercept
for person i

Linear Slope
for person i

Quad Slope
for person i

Fixed Intercept 
when Time=0 
and Reas=22

Fixed Linear 
Time Slope 
when Time=0 
and Reas=12

Fixed Quad 
Time Slope 
when Reas=22

Random (Deviation) 
Intercept after 
controlling for Reas

Random (Deviation) 
Linear Time Slope after 
controlling for Reas

Random (Deviation) 
Quad Time Slope after 
controlling for Reas

Δ in Intercept per 
unit Δ in Reas

Δ in Linear Time 
Slope per unit Δ in 
Reas (=Reas*time)

Δ in Quad Time 
Slope per unit Δ in 
Reas (=Reas*time2)
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Reasoning (0=22) as a Time-Invariant Predictor:
Is RT Improvement Predicted by Fluid Intelligence?
Level 1:  RTti =  β0i + β1iTimeti + β2iTimeti

2 + eti

Level 2 Equations (one per β):
β0i = γ00 + γ01Reasi  + U0i

β1i = γ10 + γ11Reasi  + U1i

β2i = γ20 + γ21Reasi  + U2i

• Composite equation: 
• yti = (γ00 + γ01Reasi + U0i)+

(γ10 + γ11Reasi  + U1i)Timeti + 
(γ20 + γ21Reasi  + U2i)Timeti

2 + eti

24

Each fixed slope of reasoning 
will predict the random Ui

variance in its level-2 equation if 
present, or eti residual variance 
otherwise. That’s why random 

slopes should be tested before
adding cross-level interactions!

γ11 and γ21 are known as 
“cross-level” interactions 

(level-1 predictor by 
level-2 predictor)
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Reasoning (0=22) as a Time-Invariant Predictor:
Is RT Improvement Predicted by Fluid Intelligence?
RTti = (1966 + −27*Reasi +U0i)+

(−120 + −3.6*Reasi +U1i)Timeti + 
(13 +1.2*Reasi +U2i)Timeti

2 + eti
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Reasoning by Quadratic Change over Sessions
Reasoning 17 Reasoning 22 Reasoning 27

BP Pseudo-R2 Values:
Intercept U0i = .049
Linear Time U1i =−.006
Quadratic Time U2i = .024
WP Residual eti = 0

People with better reasoning: 
• started out faster/lower 

(intercept at session 1), 
• improved more initially 

(linear slope at session 1),
• and had a greater rate of 

deceleration with practice
(quadratic slope*2!)



Example 2: Syntax by Univariate 
MLM Program (Stacked Data)
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SAS:
PROC MIXED DATA=work.Example2 COVTEST METHOD=REML;

CLASS ID;
MODEL RT = time timesq reas time*reas timesq*reas / SOLUTION DDFM=Satterthwaite;
RANDOM INTERCEPT time timesq / GCORR TYPE=UN SUBJECT=ID;

RUN; 

R (lmer from lme4 package)—using lmertest package, which does provide correct denominator DF:
model2 = lmer(data=Example2, REML=TRUE,

formula=RT~1+time+timesq+reas
+time:reas+timesq:reas+(1+time+timesq|ID))

summary(model2, ddf="Satterthwaite")

STATA:
mixed RT time timesq reas time#reas timesq#reas, || ID: time timesq, ///

variance reml covariance(un) dfmethod(satterthwaite) dftable(pvalue)

SPSS:
MIXED RT BY ID WITH time timesq reas

/METHOD = REML
/PRINT = SOLUTION TESTCOV
/FIXED = time timesq reas time*reas timesq*reas
/RANDOM = INTERCEPT time timesq | COVTYPE(UN) SUBJECT(ID).



Should I have used a “latent” growth curve 
model (on wide data in SEM) instead?

RTti = (γ00  + γ01Reasi + U0i)+
(γ10  + γ11Reasi + U1i)Timeti + 
(γ20 + γ21Reasi  + U2i)Timeti

2+eti
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𝑹𝑹𝑹𝑹𝟎𝟎𝒊𝒊 𝑹𝑹𝑹𝑹𝟏𝟏𝒊𝒊 𝑹𝑹𝑹𝑹𝟐𝟐𝒊𝒊 𝑹𝑹𝑹𝑹𝟑𝟑𝒊𝒊 𝑹𝑹𝑹𝑹𝟒𝟒𝒊𝒊

1
1

1

1

1

0
1

2 3
4

1 1 1 1 1

𝑹𝑹𝑹𝑹𝟓𝟓𝒊𝒊

1

L1 Residual 𝒆𝒆𝒕𝒕𝒕𝒕 (𝑴𝑴 = 𝟎𝟎,𝑽𝑽 = 𝝈𝝈𝒆𝒆𝟐𝟐)

L2
Linear Time 

Slope 𝜷𝜷𝟏𝟏𝒊𝒊
𝑰𝑰 = 𝜸𝜸𝟏𝟏𝟏𝟏,
𝑽𝑽 = 𝝉𝝉𝑼𝑼𝟏𝟏

𝟐𝟐 5

L2
Intercept 𝜷𝜷𝟎𝟎𝟎𝟎
𝑰𝑰 = 𝜸𝜸𝟎𝟎𝟎𝟎,
𝑽𝑽 = 𝝉𝝉𝑼𝑼𝟎𝟎

𝟐𝟐

1

L2
Quadratic 

Time Slope 𝜷𝜷𝟐𝟐𝒊𝒊
𝑰𝑰 = 𝜸𝜸𝟐𝟐𝟎𝟎,
𝑽𝑽 = 𝝉𝝉𝑼𝑼𝟐𝟐

𝟐𝟐

1

25
16

9
41

0

L2 𝑹𝑹𝑹𝑹𝑹𝑹𝒔𝒔𝒊𝒊𝜸𝜸𝟏𝟏𝟏𝟏

𝜸𝜸𝟐𝟐𝟐𝟐
𝜸𝜸𝟎𝟎𝟎𝟎

Cons: 
• No REML, no DDF 

Type I error for small N
• Requires balanced time 

(or definition variables for 
individual time loadings)

Pros: 
• Latent basis nonlinear 

change (fix 1st loading to 
0, last to 1, estimate other 
loadings for % change)

• More flexibility in WP 
residual heterogeneity of 
variance and covariance

• Change in latent variables 
instead of observed



Example 2: Mplus Single-Level SEM Syntax
Just showing MODEL part, which would be preceded by DATA, 
VARIABLE, and ANALYSIS as usual (estimated using wide data)
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!!!!! Random quadratic model of change 

! Factor loadings fixed by @ 
Int BY RT0@1 RT1@1 RT2@1 RT3@1 RT4@1  RT5@1; 
Lin BY RT0@0 RT1@1 RT2@2 RT3@3 RT4@4  RT5@5; 
Qua BY RT0@0 RT1@1 RT2@4 RT3@9 RT4@16 RT5@25;

! Factor intercepts estimated = fixed effects
[Int Lin Qua];

! Level-2 factor variances estimated (in G)
Int Lin Qua;

! Level-2 factor covariances estimated (in G)
Int Lin Qua WITH Int Lin Qua;

! Per-occasion intercepts fixed to 0
[RT0@0 RT1@0 RT2@0 RT3@0 RT4@0 RT5@0];

! Level-1 residual variances held equal (in R) 
RT0 RT1 RT2 RT3 RT4 RT5 (ResVar);

! Fixed effects of reasoning  latent factors
Int Lin Qua ON reas;

!!!!! Random latent basis model of change

! Factor loadings fixed by @ 
Int BY RT0@1 RT1@1 RT2@1 RT3@1 RT4@1 RT5@1; 
Slp BY RT0@0 RT1*  RT2*  RT3*  RT4*  RT5@1; 

! Loadings estimated as 0.57, 0.76, 0.90, 0.97

! Factor intercepts estimated = fixed effects
[Int Slp];

! Level-2 factor variances estimated (in G)
Int Slp;

! Level-2 factor covariance estimated (in G)
Int WITH Slp;

! Per-occasion intercepts fixed to 0
[RT0@0 RT1@0 RT2@0 RT3@0 RT4@0 RT5@0];

! Level-1 residual variances held equal (in R) 
RT0 RT1 RT2 RT3 RT4 RT5 (ResVar);

! Fixed effects of reasoning  latent factors
Int Slp ON reas;

Note: There are Mplus syntax shortcuts for growth models I am not using: (1) to be 
explicit about what the model contains, (2) to not estimate separate residual variances



Example 2: R Single-Level SEM Syntax
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RandQuadSyntax = "
# Factor loadings fixed by *
Int =~ 1*RT0 + 1*RT1 + 1*RT2 + 1*RT3 +  1*RT4 +  1*RT5
Lin =~ 0*RT0 + 1*RT1 + 2*RT2 + 3*RT3 +  4*RT4 +  5*RT5
Qua =~ 0*RT0 + 1*RT1 + 4*RT2 + 9*RT3 + 16*RT4 + 25*RT5

# Factor intercepts estimated = fixed effects
Int ~ 1;  Lin ~ 1;  Qua ~ 1

# Level-2 factor variances estimated (in G)
Int ~~ Int;  Lin ~~ Lin;  Qua ~~ Qua

# Level-2 factor covariances estimated (in G)
Int ~~ Lin + Qua;  Lin ~~ Qua

# Per-occasion intercepts fixed to 0
RT0 ~ 0; RT1 ~ 0; RT2 ~ 0 
RT3 ~ 0; RT4 ~ 0; RT5 ~ 0

! Level-1 residual variances held equal (in R) 
RT0 ~~ (ResVar)*RT0;  RT1 ~~ (ResVar)*RT1
RT2 ~~ (ResVar)*RT2;  RT3 ~~ (ResVar)*RT3
RT4 ~~ (ResVar)*RT4;  RT5 ~~ (ResVar)*RT5

# Fixed effects of reasoning --> latent factors
Int + Lin + Qua ~ reas

"
RQModel = lavaan(data=Example2wide, 

model=RandQuadSyntax, 
estimator="ML", mimic="mplus")

summary(RQModel, fit.measures=TRUE, rsquare=TRUE, 
standardized=TRUE)

LatentBasisSyntax = "
# Factor loadings fixed by *
Int =~ 1*RT0 + 1*RT1 + 1*RT2 + 1*RT3 +  1*RT4 +  1*RT5
Slp =~ 0*RT0 +   RT1 +   RT2 +   RT3 +    RT4 +  1*RT5
# Loadings estimated as 0.57, 0.76, 0.90, 0.97

# Factor intercepts estimated = fixed effects
Int ~ 1;  Slp ~ 1

# Level-2 factor variances estimated (in G)
Int ~~ Int;  Slp ~~ Slp

# Level-2 factor covariances estimated (in G)
Int ~~ Slp

# Per-occasion intercepts fixed to 0
RT0 ~ 0; RT1 ~ 0; RT2 ~ 0 
RT3 ~ 0; RT4 ~ 0; RT5 ~ 0

! Level-1 residual variances held equal (in R) 
RT0 ~~ (ResVar)*RT0;  RT1 ~~ (ResVar)*RT1
RT2 ~~ (ResVar)*RT2;  RT3 ~~ (ResVar)*RT3
RT4 ~~ (ResVar)*RT4;  RT5 ~~ (ResVar)*RT5

# Fixed effects of reasoning --> latent factors
Int + Slp ~ reas

"
LBModel = lavaan(data=Example2wide, 

model=LatentBasisSyntax, 
estimator="ML", mimic="mplus")

summary(LBModel, fit.measures=TRUE, rsquare=TRUE, 
standardized=TRUE)

Note: There are lavaan syntax shortcuts for growth models I am not using: (1) to be 
explicit about what the model contains, (2) to not estimate separate residual variances



Should I have used “multilevel SEM” 
(on long data) instead? Not in this case…
RTti = (γ00  + γ01Reasi + U0i)+

(γ10  + γ11Reasi + U1i)Timeti + 
(γ20 + γ21Reasi  + U2i)Timeti

2+eti
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Cons: 
• No REML, no DDF 

Type I error for small N
• Requires balanced time 

(or definition variables for 
individual time loadings)

Pros: 
• Latent basis nonlinear 

change (fix 1st loading to 
0, last to 1, estimate other 
loadings for % change)

• More flexibility in WP 
residual heterogeneity of 
variance and covariance

• Change in latent variables 
instead of observed

𝜸𝜸𝟐𝟐𝟐𝟐

L1
Residual 𝒆𝒆𝒕𝒕𝒕𝒕
𝑴𝑴 = 𝟎𝟎,
𝑽𝑽 = 𝝈𝝈𝒆𝒆𝟐𝟐

L2 Linear
Time Slope 𝜷𝜷𝟏𝟏𝟏𝟏

𝑰𝑰 = 𝜸𝜸𝟏𝟏𝟎𝟎,
𝑽𝑽 = 𝝉𝝉𝑼𝑼𝟏𝟏

𝟐𝟐

L2 
Intercept 𝜷𝜷𝟎𝟎𝟎𝟎
𝑰𝑰 = 𝜸𝜸𝟎𝟎𝟎𝟎,
𝑽𝑽 = 𝝉𝝉𝑼𝑼𝟎𝟎

𝟐𝟐

L1 
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕𝒕𝒕𝜷𝜷𝟏𝟏𝟏𝟏

L1 𝑹𝑹𝑻𝑻𝒕𝒕𝒕𝒕

1

1

L1 
𝑻𝑻𝑻𝑻𝑻𝑻𝒆𝒆𝒕𝒕𝒕𝒕𝟐𝟐

1

L2 Quadratic
Time Slope 𝜷𝜷𝟐𝟐𝒊𝒊

𝑰𝑰 = 𝜸𝜸𝟐𝟐𝟎𝟎,
𝑽𝑽 = 𝝉𝝉𝑼𝑼𝟐𝟐

𝟐𝟐

𝜷𝜷𝟐𝟐𝒊𝒊

1

L2 𝑹𝑹𝑹𝑹𝑹𝑹𝒔𝒔𝒊𝒊

𝜸𝜸𝟏𝟏𝟏𝟏𝜸𝜸𝟎𝟎𝟎𝟎



Example 2: Mplus M-SEM Syntax
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%WITHIN%
RT;                  ! Level-1 residual variance
Lin | RT ON time;    ! Create beta1i placeholder
Qua | RT ON timesq;  ! Create beta2i placeholder

%BETWEEN%
[RT Lin Qua]; ! Intercepts
RT Lin Qua;                    ! Level-2 random effect variances
RT Lin Qua WITH RT Lin Qua;    ! Level-2 random effect covariances
RT Lin Qua ON reas;            ! Fixed effects of reasoning

Just showing MODEL part, which would be preceded by DATA, 
VARIABLE, and ANALYSIS as usual (estimated using long data)

• Note: R’s lavaan package does have M-SEM, but it is much 
more limited than M-SEM in Mplus:
 Listwise deletion for any rows (occasions) with missing values
 No random slopes!



Time-Invariant Predictors 
and Treatment Effects 
in Longitudinal Models
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• Topics:
 Introducing time-invariant predictors
 Example 1: Between-group treatment effects on weight loss 

over three occasions in a randomized control trial (RCT)
 Example 2: Fluid intelligence predicting improvements 

in response speed across six short-term occasions
 Example 3: Between-group treatment effects in an RCT with 

multiple observations within repeated measures conditions
 Example 4: Within-person treatments in aggregated N-of-1 RCTs
 Longitudinal designs of individuals in groups



Example 3:  Multiple Condition RCT
• RCT for effectiveness of 

MoBeGo self-monitoring 
app for improving kids’ 
challenging behavior 
(PI: Allison Bruhn, Iowa)
 57 kids measured multiple 

times under 4 conditions 
 unbalanced time and 
incomplete data

 Multivariate (by condition) 
MLM on log-transformed 
count in stacked data 

 Avoided generalized model 
in order to use REML 
estimation and KR DDF

 Modeled nonconstant 
variance by condition
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https://journals.sagepub.com/doi/10.1177/01987429221093987


Example 3: Multivariate MLM
Level 1:   𝑫𝑫𝑫𝑫𝒕𝒕𝒕𝒕𝒕𝒕 = 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑷𝑷𝑷𝑷𝒆𝒆𝒄𝒄 + 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑩𝑩𝑩𝑩𝑩𝑩𝒆𝒆𝒄𝒄 + 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝒓𝒓𝒄𝒄 + 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑷𝑷𝑷𝑷𝑷𝑷𝒕𝒕𝒄𝒄 + 𝒆𝒆𝒕𝒕𝒕𝒕𝒕𝒕

Level 2: 
• Pre-Baseline:          𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎

• Baseline:                 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎

• Intervention:          𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎

• Post-Intervention:  𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎

• Model for the Means:
 Pre, Base, Inter, and Post are dummy-coded condition indicators (0=no, 1=yes)
 Fixed effects for control group (𝑇𝑇𝑥𝑥𝑖𝑖 = 0): 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎… 𝜸𝜸𝟎𝟎𝟎𝟎𝟒𝟒
 Differences by treatment (𝑇𝑇𝑥𝑥𝑖𝑖 = 0 𝑣𝑣𝑣𝑣 1): 𝜸𝜸𝟎𝟎𝟏𝟏𝟏𝟏… 𝜸𝜸𝟎𝟎𝟏𝟏𝟒𝟒
 Model-implied fixed effects for treatment group (𝑇𝑇𝑥𝑥𝑖𝑖 = 1): (𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎)…(𝜸𝜸𝟎𝟎𝟎𝟎𝟒𝟒 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟒𝟒)

• Model for the Variance—Multivariate* Two-Level Model:
 Unstructured level-2 G matrix for 4 random intercepts  separate variances and 

covariances by condition (*which makes it a multivariate MLM, reviewer 2)
 Heterogeneity of level-1 residual variance examined by condition (not found for DB)
 Could have also examined individual differences in level-1 variance in “scale” model! 
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Study Condition

C: 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎
=𝟐𝟐.𝟔𝟔𝟏𝟏

Diff: 𝜸𝜸𝟎𝟎𝟏𝟏𝟏𝟏
=−𝟎𝟎.𝟎𝟎𝟕𝟕

Diff: 𝜸𝜸𝟎𝟎𝟏𝟏𝟐𝟐
=−𝟎𝟎.𝟏𝟏𝟑𝟑 Diff:  𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎

=−𝟎𝟎.𝟔𝟔𝟏𝟏
Diff:  𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎
=−𝟎𝟎.𝟓𝟓𝟑𝟑

Diff of Diff: 
𝜸𝜸𝟎𝟎𝟏𝟏𝟐𝟐−𝜸𝜸𝟎𝟎𝟏𝟏𝟏𝟏=−𝟎𝟎.𝟒𝟒𝟕𝟕

Example 3: Multivariate MLM
Level 1:   𝑫𝑫𝑫𝑫𝒕𝒕𝒕𝒕𝒕𝒕 = 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑷𝑷𝑷𝑷𝒆𝒆𝒄𝒄 + 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑩𝑩𝑩𝑩𝑩𝑩𝒆𝒆𝒄𝒄 + 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝒓𝒓𝒄𝒄 + 𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 𝑷𝑷𝑷𝑷𝑷𝑷𝒕𝒕𝒄𝒄 + 𝒆𝒆𝒕𝒕𝒕𝒕𝒕𝒕
Level 2: 
• Pre-Baseline:           𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎
• Baseline:                  𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎
• Intervention:           𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎
• Post-Intervention:  𝜷𝜷𝟎𝟎𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎 𝑻𝑻𝒙𝒙𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎𝟎𝟎
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C: 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎
= 𝟐𝟐.𝟔𝟔𝟔𝟔

C: 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎
= 𝟐𝟐.𝟖𝟖𝟖𝟖

C: 𝜸𝜸𝟎𝟎𝟎𝟎𝟎𝟎
= 𝟐𝟐.𝟔𝟔𝟔𝟔

All other differences and 
interactions (differences 
of differences) are linear 
combinations of model 
fixed effects… 



Example 3: Syntax by Univariate 
MLM Program (Stacked Data)
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SAS:
PROC MIXED DATA=work.Example3 COVTEST METHOD=REML;

CLASS ID;
MODEL logDB = Pre Base Inter Post 

Pre*Tx Base*Tx Inter*Tx Post*Tx / NOINT SOLUTION DDFM=KR;
RANDOM Pre Base Inter Post / GCORR TYPE=UN SUBJECT=ID;

RUN; 

R (lmer from lme4 package)—using lmertest package, which does provide correct denominator DF:
model3 = lmer(data=Example3, REML=TRUE, formula=logDB~0+Pre+Base+Inter+Post

+Pre:Tx+Base:Tx+Inter:Tx+Post:Tx+(0+Pre+Base+Inter+Post|ID))
summary(model3, ddf=“Kenward-Roger")

STATA:
mixed logDB Pre Base Inter Post Pre#Tx Base#Tx Inter#Tx Post#Tx , ///

|| ID: Pre Base Inter Post , noconstant variance reml covariance(un) ///
dfmethod(kroger) dftable(pvalue)

SPSS—only Satterthwaite DF are available:
MIXED logDB BY ID WITH Pre Base Inter Post Tx

/METHOD = REML
/PRINT = SOLUTION TESTCOV G
/FIXED = Pre Base Inter Post Pre*Tx Base*Tx Inter*Tx Post*Tx 
/RANDOM = Pre Base Inter Post | COVTYPE(UN) SUBJECT(ID).



Time-Invariant Predictors 
and Treatment Effects 
in Longitudinal Models
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• Topics:
 Introducing time-invariant predictors
 Example 1: Between-group treatment effects on weight loss 

over three occasions in a randomized control trial (RCT)
 Example 2: Fluid intelligence predicting improvements 

in response speed across six short-term occasions
 Example 3: Between-group treatment effects in an RCT with 

multiple observations within repeated measures conditions
 Example 4: Within-person treatments in aggregated N-of-1 RCTs
 Longitudinal designs of individuals in groups



Example 4: Fixed vs Random 8 Persons
• Data simulated to mimic aggregated N-of-1 RCT to improve 

daily minutes of vigorous physical activity (MVPA) in kids
 Cushing, Walters, and Hoffman 2014

• 8 kids measured for 30 days (15 treatment, 15 control)
 Randomly assigned to receive motivating texts on half of the days 

treatment is a time-varying predictor with no between-person 
variance (so it can only have a within-person effect, stay tuned)

 Days are treated as interchangeable here (but in practice one 
may need to control for day of week, schedule differences, etc)

• Two alternative analytic approaches demonstrated:
 Persons as fixed effects (single-level model for the variance): 

For which kids did the intervention work?
 Persons as random effects (two-level model for the variance): 

Why does the intervention work for some kids more than others?
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https://academic.oup.com/jpepsy/article/39/2/138/885269#supplementary-data


Example 4: Fixed vs Random 8 Persons
• Persons as fixed effects (single-level model):

𝑴𝑴𝑴𝑴𝑴𝑴𝑨𝑨𝒕𝒕𝒕𝒕 = 𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟏𝟏𝟏𝟏 𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕𝒕𝒕𝒕𝒕 + 𝜸𝜸𝟎𝟎𝟎𝟎 𝑰𝑰𝑰𝑰𝟏𝟏𝒊𝒊 + ⋯𝜸𝜸𝟎𝟎𝟎𝟎(𝑰𝑰𝑰𝑰𝟕𝟕𝒊𝒊)
+ 𝜸𝜸𝟏𝟏𝟏𝟏 𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕𝒕𝒕𝒕𝒕 𝑰𝑰𝑰𝑰𝟏𝟏𝒊𝒊 + ⋯𝜸𝜸𝟏𝟏𝟕𝟕 𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕𝒕𝒕𝒕𝒕 𝑰𝑰𝑰𝑰𝟕𝟕𝒊𝒊 + 𝒆𝒆𝒕𝒕𝒕𝒕

• Model for the Means:
 𝐼𝐼𝐼𝐼1𝑖𝑖 to 𝐼𝐼𝐼𝐼7𝑖𝑖 : kid-specific dummy codes (0=not them, 1=them)
 Reference kid (𝐼𝐼𝐷𝐷𝑖𝑖 = 8): intercept (activity on control days) = 𝜸𝜸𝟎𝟎𝟎𝟎

and treatment difference (activity change on texting days) = 𝜸𝜸𝟏𝟏𝟎𝟎
 Per-kid intercept difference relative to reference kid (𝐼𝐼𝐷𝐷𝑖𝑖 = 8): 𝜸𝜸𝟎𝟎𝟎𝟎… 𝜸𝜸𝟎𝟎𝟕𝟕
 Per-kid treatment difference relative to reference kid (𝐼𝐼𝐷𝐷𝑖𝑖 = 8): 𝜸𝜸𝟏𝟏𝟏𝟏… 𝜸𝜸𝟏𝟏𝟏𝟏
 All other differences are given as linear combinations of fixed effects

• Model for the Variance—Single-Level Model:
 All between-person variances are already covered by the fixed effects!
 Within-person residual 𝒆𝒆𝒕𝒕𝒕𝒕 variance = remaining variation among 

days of same kind (could be estimated separately per kid, too)
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Example 4: Fixed Effects Model Syntax 
by GLM Program (Stacked Data)
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SAS:
PROC GLM DATA=work.Example4

CLASS ID;
MODEL MVPA = ID Text ID*Text / SOLUTION;

RUN; 

R (lm from base R):
model4F = lm(data=Example4, formula=MVPA~1+factor(ID)+Text+factor(ID):Text)
summary(model4F)

STATA:
regress MVPA ib(last).ID Text ib(last).ID#Text

SPSS:
GLM MVPA BY ID WITH Text

/DESIGN = Intercept, ID, Text, ID BY Text.



Example 4: Fixed vs Random 8 Persons
Persons as random effects (two-level model):
• Level 1:                  𝑴𝑴𝑴𝑴𝑴𝑴𝑨𝑨𝒕𝒕𝒕𝒕 = 𝜷𝜷𝟎𝟎𝟎𝟎 + 𝜷𝜷𝟏𝟏𝟏𝟏 𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕𝒕𝒕𝒕𝒕 + 𝒆𝒆𝒕𝒕𝒕𝒕
• Level 2 Intercept:          𝜷𝜷𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟎𝟎𝟎𝟎 + 𝜸𝜸𝟎𝟎𝟎𝟎 𝑬𝑬𝑬𝑬𝒇𝒇𝒊𝒊 + 𝑼𝑼𝟎𝟎𝟎𝟎

Level 2 Texting Effect: 𝜷𝜷𝟎𝟎𝟎𝟎 = 𝜸𝜸𝟏𝟏𝟎𝟎 + 𝜸𝜸𝟏𝟏𝟏𝟏 𝑬𝑬𝑬𝑬𝒇𝒇𝒊𝒊 + 𝑼𝑼𝟏𝟏𝒊𝒊

• Model for the Means (𝑬𝑬𝑬𝑬𝒇𝒇𝒊𝒊 = self-efficacy):
 Mean intercept (activity on control days) for 𝐸𝐸𝐸𝐸𝑓𝑓𝑖𝑖 = 0: 𝜸𝜸𝟎𝟎𝟎𝟎
 Mean texting effect (activity change) for 𝐸𝐸𝐸𝐸𝑓𝑓𝑖𝑖 = 0: 𝜸𝜸𝟏𝟏𝟎𝟎
 Difference in mean intercept per unit 𝐸𝐸𝐸𝐸𝑓𝑓𝑖𝑖 : 𝜸𝜸𝟎𝟎𝟎𝟎
 Difference in mean texting effect per unit 𝐸𝐸𝐸𝐸𝑓𝑓𝑖𝑖 : 𝜸𝜸𝟏𝟏𝟏𝟏

• Model for the Variance—Two-Level Model:
 Remaining BP differences on control days: 𝑼𝑼𝟎𝟎𝟎𝟎 variance
 Remaining BP differences in texting effect: 𝑼𝑼𝟏𝟏𝟏𝟏 variance
 Remaining WP variation among days of same kind: residual 𝒆𝒆𝒕𝒕𝒕𝒕 variance 

(could have a random intercept variance in a “scale model”, too!)
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Example 4: Random Effects Syntax by 
Univariate MLM Program (Stacked Data)
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SAS:
PROC MIXED DATA=work.Example4 COVTEST METHOD=REML;

CLASS ID session;
MODEL MVPA = Text Eff Text*Eff / SOLUTION DDFM=Satterthwaite;
RANDOM INTERCEPT Text / GCORR TYPE=UN SUBJECT=ID;

RUN; 

R (lmer from lme4 package)—using lmertest package, which does provide correct denominator DF:
model4R = lmer(data=Example4, REML=TRUE,

formula=MVPA~1+Text+Eff+Text:Eff+(1+Text|ID))
summary(model4R, ddf="Satterthwaite")

STATA:
mixed MPVA Text Eff Text#Eff, || ID: Text, ///

variance reml covariance(un) dfmethod(satterthwaite) dftable(pvalue)

SPSS:
MIXED MVPA BY ID WITH Text Eff

/METHOD = REML
/PRINT = SOLUTION TESTCOV
/FIXED = Text Eff Text*Eff 
/RANDOM = INTERCEPT Text | COVTYPE(UN) SUBJECT(ID).



Summary:  Time-Invariant Predictors
• Univariate MLMs use ONLY COMPLETE rows (occasions) 

of data—both predictors and outcomes must be there!
 Using whatever data you do have for each person will likely lead 

to better inferences and more statistical power than using only 
complete persons (so avoid listwise deletion if you can)

 Missingness on predictors is possible if they are “outcomes” in 
multivariate software, which implies distributional assumptions

• Time-invariant predictors modify the level-1-created time 
model  predict individual intercepts and slopes
 They account for random effect variances (i.e., the predictors are 

the reasons WHY people need their own intercepts and slopes)
 If a level-1 effect is not random, it can still be moderated by a 

cross-level interaction with a time-invariant predictor… 
 … but then it will predict L1 residual variance instead
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Time-Invariant Predictors 
and Treatment Effects 
in Longitudinal Models
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• Topics:
 Introducing time-invariant predictors
 Example 1: Between-group treatment effects on weight loss 

over three occasions in a randomized control trial (RCT)
 Example 2: Fluid intelligence predicting improvements 

in response speed across six short-term occasions
 Example 3: Between-group treatment effects in an RCT with 

multiple observations within repeated measures conditions
 Example 4: Within-person treatments in aggregated N-of-1 RCTs
 Longitudinal designs of individuals in groups



2 Options for Differences Across Groups
Represent Group Dependency as Fixed Effects
• Include (#groups-1) contrasts for group membership in the model 

for the means fixed effects so group is NOT another “level” 
• Permits inference about differences between specific groups, but 

you cannot include between-group predictors (group is saturated)
• Recommended if #groups < 15ish (b/c variances are unreliable)

Represent Group Differences as a Random Effect
• Include a random intercept variance in the model for the 

variance, such that group differences become another “level” 
• Permits inference about differences across groups more generally, 

for which you can test effects of between-group predictors
• Better if #groups > 15ish and you want to predict group differences
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What determines the number of levels?
• Answer: the model for the outcome variance ONLY
• How many dimensions of sampling in the outcome?
 Longitudinal, one kid per teacher, one school?  2-level model
 Longitudinal, 2+ kids per teacher, one school?  3-level model
 Longitudinal, 2+ kids per teacher, many schools? 4-level model
 Sampling dimensions may also be crossed instead of nested, 

or may be modeled with fixed effects if the # units is small

• Need at least one pile of variance per dimension (for 3 
levels, that’s 2 sets of random effects and a residual)
 Include whatever predictors you want per level, but keep in mind 

that the usefulness of your predictors will be constrained by the 
amount of outcome variance in its relevant sampling dimension
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Types of 3-Level Designs: Clustered Longitudinal
• First scenario: Predicting time-specific respondent outcomes 

for people nested in countries, collected over several years 
(all same people and same countries are measured over time)
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Year1 Year2 

Resp1 

Year1 Year2 

Resp2 

Country1 Country2 

Year1 

Resp3 …

…

…

• Country predictors can be included at level 3 only (no random effects)
• Person predictors should be included at levels 2 and 3 (+random over 3)
• What about effects of time-varying predictors (stay tuned)? 

 For People: effects should be included at all 3 levels (+random over 2 and 3)
 For Countries: effects are only possible at levels 1 and 3 (+random over 3)

Level 1: 
Time Effects

Level 2: 
Respondent Effects

Level 3: 
Country Effects



Other Types of 3-Level Designs
• The sampling design for the outcome (not the predictors) dictates 

what your levels will be, so time may not always be level 1
• Example: Predicting answer compliance in respondents nested in 

interviewers, collected over several years (all different people)
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Resp1 Resp2 

Inter1 

Resp3 Resp4 

Inter2 

Year1 Year2 

Resp5 

Inter3 …

…

…

Level 1: 
Respondent Effects

Level 2: 
Interviewer Effects

Level 3: 
Time Effects

• Based on the sampling of time, time may be modeled…
 As fixed effects in the model for the means  2-level model instead

 Best to use dummy codes for time if few occasions OR no time-level predictors of interest
 As a random effect in the model for the variance  3-level model

 Then differences in compliance rates over time can be predicted by time-level predictors



Other Types of 3-Level Designs
• Another scenario: Predicting time-specific respondent outcomes 

for people nested in countries, collected over several years 
(all different people, but the same countries measured over time)
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Resp1 Resp2 

Year1 

Resp3 Resp4 

Year2 

Country1 Country2 

Resp5 

Year1 …

…

…

• Before including any fixed effects of time, the dimensions of country 
and time are actually crossed, not nested as shown here
 Are nested after controlling for which occasion is which via fixed effects 

(using dummy codes per mean or a time trend that describes the means)
 Time is still a level because not all countries change the same way 

Level 1: 
Respondent Effects

Level 2: 
Time Effects

Level 3: 
Country Effects



3-Level Designs: Predictors vs. Outcomes
• Same scenario: What if, instead of respondent outcomes, 

we wanted to predict time-varying country outcomes?
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Resp1 Resp2 

Year1 

Resp3 Resp4 

Year2 

Country1 Country2 

Resp5 

Year1 …

…

…

Because the outcome was measured at level 2 (country per time):
• Respondents are no longer a level at all (no outcomes for them)
• So there is nothing for respondent predictors to do, except at higher levels

 Time-specific averages of respondent predictors  time-level outcome variation
 Across time, country averages of respondent predictors  country-level outcome variation

Level 1: 
Respondent Effects

Level 2  Level 1
Time Effects

Level 3  Level 2
Country Effects



Empty Means, 3-Level Random Intercept Model: 
Example for Clustered Longitudinal Data 

Notation: t = level-1 time, i = level-2 person, j = level-3 group

Level 1: ytij = β0ij+etij

Level 2: β0ij = δ00j +U0ij

Level 3: δ00j = γ000 +V00j
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Fixed Intercept 
=grand mean 
of group means

3 Total Parameters: 
Model for the Means (1): 
• Fixed Intercept γ00

Model for the Variance (2):
• Level-1 Variance of etij  𝛔𝛔𝐞𝐞𝟐𝟐

• Level-2 Variance of U0ij  𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎
• Level-3 Variance of V00j  𝛕𝛕𝐕𝐕𝟐𝟐𝟎𝟎𝟎𝟎

Residual = time-specific deviation 
from person’s predicted outcome 

Person Random Intercept
= person-specific deviation 
from group’s predicted outcome 

Group Random Intercept
= group-specific deviation 
from fixed intercept

Composite equation:  
ytij = γ000+V00j+U0ij+etij

Btw: My bad for reusing “V”



2-Level Random Intercept Model
• Where does each kind of person dependency go? Into a new 

random effects variance component (or “pile” of variance):
• Let’s start with an empty means, random intercept 2-level 

model for time within person:

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

BP Int
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)
Level 2, Between-
Person Variation

Level 1, Within-
Person Variation
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3-Level Random Intercept Model
• Now let’s see what happens in an empty means, random 

intercept 3-level model of time within person within groups:

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Person
Int Var.

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

Group 
Int Var.
(𝛕𝛕𝐕𝐕𝟐𝟐𝟎𝟎𝟎𝟎)

Level 1, Within-
Person Variation

Level 2, Between-Person 
Within-Group Variation

Level 3, Between-Group 
Variation

Person
Int Var.

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)
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ICCL2

ICCL3



ICCs in a 3-Level Random Intercept Model
Example:  Time within Person within Group

• ICC for level 2 (and level 3) relative to level 1:

• ICCL2 = Between−Person
Total

= L3+L2
L3+L2+L1

=
𝛕𝛕𝐕𝐕
𝟐𝟐
𝟎𝟎𝟎𝟎+𝛕𝛕𝐔𝐔

𝟐𝟐
𝟎𝟎

𝛕𝛕𝐕𝐕
𝟐𝟐
𝟎𝟎𝟎𝟎+𝛕𝛕𝐔𝐔

𝟐𝟐
𝟎𝟎+𝛔𝛔𝐞𝐞

𝟐𝟐

 This ICC expresses similarity of occasions from same person 
(and by definition, from the same group)  of the total variation in Y, 
how much of it is between persons, or cross-sectional (not due to time)?

• ICC for level 3 relative to level 2 (ignoring level 1):

• ICCL3 = Between−Group
Between−Person

= L3
L3+L2

=
𝛕𝛕𝐕𝐕
𝟐𝟐
𝟎𝟎𝟎𝟎

𝛕𝛕𝐕𝐕
𝟐𝟐
𝟎𝟎𝟎𝟎+𝛕𝛕𝐔𝐔

𝟐𝟐
𝟎𝟎

 This ICC expresses similarity of persons from same group
(ignoring within-person variation over time)  of that total between-
person variation in Y, how much of that is actually between groups?
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2-Level Random Slope Model
• What about time? After adding fixed effects of time, we can 

add random effects of time over persons in a 2-level model:

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

BP Int
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

BP Slope
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟏𝟏)

Level 2, Between-
Person Differences

Level 1, Within-
Person Differences

BP Int
Variance

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

01Uτ covariance
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3-Level Random Slope Model
• In a 3-level model, we can have random effects of time over 

persons AND groups:

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Residual
Variance

(𝛔𝛔𝐞𝐞𝟐𝟐)

Person
Int Var.

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

Person
Slope Var.

(𝛕𝛕𝐔𝐔𝟐𝟐𝟏𝟏)

Group 
Int Var.
(𝛕𝛕𝐕𝐕𝟐𝟐𝟎𝟎𝟎𝟎)

Group 
Slope Var.

(𝛕𝛕𝐕𝐕𝟐𝟐𝟏𝟏𝟎𝟎)

Level 1, Within-
Person Differences

Level 2, Between-Person 
(Within-Group) Diffs

Level 3, Between-Group 
Differences

Person
Slope Var.

(𝛕𝛕𝐔𝐔𝟐𝟐𝟏𝟏)

Person
Int Var.

(𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎)

01Uτ covariance

00,10Vτ covariance
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ICCL3 Intercept
ICCL3
Slope



3-Level Random Time Slope Model
Notation: t = level-1 time, i = level-2 person, j = level-3 group

Level 1: ytij = β0ij+β1ij(Timetij)+etij

Level 2: β0ij = δ00j +U0ij

β1ij = δ10j +U1ij

Level 3: δ00j = γ000 +V00j

δ10j = γ100 +V10j
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Composite equation (9 parameters):  
ytij = (γ000 + V00j + U0ij) +

(γ100 + V10j + U1ij)(Timetij) + etij

Fixed Intercept, 
Fixed Linear 
Time Slope

Person Random Intercept and Slope = 
person-specific deviations from group’s
predicted intercept, slope (𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎, 𝛕𝛕𝐔𝐔𝟐𝟐𝟏𝟏, 𝛕𝛕𝐔𝐔𝟎𝟎𝟏𝟏)

Residual = time-specific 
deviation from person’s
predicted growth line (𝛔𝛔𝐞𝐞𝟐𝟐)

Group Random Intercept and Slope = 
group-specific deviations from fixed 
intercept, slope (𝛕𝛕𝐕𝐕𝟐𝟐𝟎𝟎𝟎𝟎, 𝛕𝛕𝐕𝐕𝟐𝟐𝟏𝟏𝟎𝟎, 𝛕𝛕𝐕𝐕𝟎𝟎𝟎𝟎,𝟏𝟏𝟎𝟎)



0

5

10

15

20

25

30

1 2 3 4 5

Occasion

Fam A Mom

Fam A Mean

Fam A Dad

Grand Mean

Fam B Mom

Fam B Mean

Fam B Dad

Slope = 1.5

Slope = 1.0

Slope = 0.5

Slope = 3.5
Slope = 3.0

Slope = 2.5

Slope = 2.0

2-Level Variance Partition of Family A

3-Level Variance Partition of Family B

Random Time Slopes at both Levels 2 AND 3? 
An example with family as group:

Um= 1.5

Ud= 0.5

Um= 0.5

Ud= -0.5

Vf= -1
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ICCs for Random Intercepts and Slopes 
• Once random slopes are included at both level-3 and level-2, 

ICCs can be computed for the random intercepts and slopes 
specifically (which would be the level-3 type of ICC)

ICCInt =
Between − Group
Between − Person

=
L3 Int

L3 Int + L2 Int
=

𝛕𝛕𝐕𝐕𝟐𝟐𝟎𝟎𝟎𝟎
𝛕𝛕𝐕𝐕𝟐𝟐𝟎𝟎𝟎𝟎 + 𝛕𝛕𝐔𝐔𝟐𝟐𝟎𝟎

ICCSlope =
Between − Group
Between − Person

=
L3 Slope

L3 Slope + L2 Slope
=

𝛕𝛕𝐕𝐕𝟐𝟐𝟏𝟏𝟎𝟎
𝛕𝛕𝐕𝐕𝟐𝟐𝟏𝟏𝟎𝟎 + 𝛕𝛕𝐔𝐔𝟐𝟐𝟏𝟏

• Can be computed for any level-1 slope that is random at both 
levels (e.g., linear and quadratic time, time-varying predictors)

• Be careful when the model is uneven across levels, though
Random Level 2: int, linear, quad
Random Level 3: int, linear

→
Linear is when time = 0
Linear is at any occasion
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More on Random Slopes in 3-Level Models
• Any level-1 predictor can have a random effect over level 2, 

level 3, or over both levels, but I recommend working your way 
UP the higher levels for assessing random effects…
 e.g., Does the effect of time vary over level-2 persons?
 If so, does the effect of time vary over level-3 groups, too?  Is there a 

commonality in how people from the same group change over time?
• … because random effects at level 3 only are possible but 

unlikely (e.g., means everyone in the group changes the same)

• Level-2 predictors can also have random effects over level 3
 e.g., Does the effect of a L2 person characteristic vary over L3 groups?

• Level-1, level-2, and level-1 by level-2 cross-level interactions 
can all have random effects over level 3, too, in theory
 But tread carefully! The more random effects you have, the more likely 

you are to have convergence problems (“G matrix not positive definite”)
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What about Time-Varying 
Group Membership?

• Students are nested within classes at each occasion…
• But if students move into different classes across time… 

 Time at level 1 is nested within student AND within classes
 Students are crossed with classes at level 2

• How to model a time-varying classroom effect?
 Btw, this is the basis of so-called “value-added models”

• Two example options (both via fixed or random effects):
 “Acute” effect: Class effect active only when students are in that class

 e.g., class effect  teacher bias
 Once a student is out of the class, class effect is no longer present

 “Transfer” effect: Effect is active when in class AND in the future…
 e.g., class effect  differential learning
 Effect stays with the student in the future (i.e., a “layered” value-added model)

MIRMD: Lecture 2 61



Time (t), Students (s), and Classes (c)
• Custom-built intercepts for time-varying effects of classes
 An intercept is usually a column of 1’s, but ours will be 0’s 

and 1’s to serve as switches that turn on/off class effects
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Student 

ID 
Class 

ID Grade Year Year 0  
Class 

Year 1  
Class 

Year 2  
Class 

Year 0  
Intercept 

Year 1  
Intercept 

Year 2  
Intercept 

Year 0  
Effect 

Year 1  
Effect 

Year 2  
Effect 

101 1 3 0 1 −99 43 1 0 0 1 0 0 
101 −99 4 1 1 −99 43 0 0 0 0 0 0 
101 43 5 2 1 −99 43 0 0 1 1 0 1 

102 3 3 0 3 21 42 1 0 0 1 0 0 
102 21 4 1 3 21 42 0 1 0 1 1 0 
102 42 5 2 3 21 42 0 0 1 1 1 1 

                          
 

Intercepts for 
Acute Effects

Intercepts for 
Transfer Effects

Per-Year Class ID  
(−99 = missing)



Time (t), Students (s), and Classes (c)
• Hoffman (2015) Equation 11.3: fixed effects model for 

classroom as a categorical time-varying predictor:
 Allows for control of classroom differences only….

• Hoffman (2015) Equation 11.4: classrooms as a random effect 
crossed with students (as a random effect) at level 2:
 Controls and quantifies classroom variance so it can be predicted!
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+ + +
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