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Data description
Biomechanical study

Biomechanical study (1/2)
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Experimental setup, from Quaine et al. (2012).

@ Aim : understand the coordination patterns of finger forces
produced from different tasks

o 15 individuals

@ simultaneous fingers force intensity measurements : I, M, R, L

@ 3 tasks (locations) : ExtP3, FlexP3, ExtP1

@ 3 repeated measures by individual and by location



Data description

Biomechanical study

Biomechanical study (2/2)

Locaon x|

o different intensity

measures from a location
P to another and from a
L finger to another

@ variability between
locations

@ variability between
individuals
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Finger force intensity by location, subject and
finger.



Two-factor ANOVA with
Model specification Modelling the random ef|
Modelling the residual va e- iance structure

Two-factor ANOVA with repetitions (1/2)

ANOVA : Fisie = p+ oy + Br +ir + i + ik

Location ExtP3 Location FlexP3 Location ExtP1

2
2
2

Residuals by location, subject and finger.

Elfik ~ N(O, 0'2).

different scattering from
one location to another =
need to allow a different
variance per location

different residuals from
one individual to another
= need a subject effect
modelling



Two-factor ANOVA with repetitions
Model specification / ng the random e
Vlodelling the residual variance-co ance structure

index.res.aov

@ Residuals very correlated
from one finger to another

middle.res.aov

405 0 5 10

@ Empirical correlations :
0.717 between index and middle,
0.297 between index and ring,
0.330 between index and little,
0.510 between middle and ring,
0.446 between middle and little,
0.440 between ring and little

f:n%n . o %|| ring.res.aov

little.res.aov

4005 0 5 w08

Pairwise scatter plots of the ANOVA resi-

duals for each pair of fingers.



Two-factor ANOVA with repetitions
Model specification Modelling the rand ffect structure
Modelling the resi ce-covariance structure

1me or lmer R library?

library nlme 1me4d

function lme lmer

Random effects nested nested and crossed
Variance- diagonal or blocked | diagonal or block dia-
covariance matrix | structure (flexible) gonal (simple only)

Residual variance- | within-group heteros-
covariance matrix | cedasticity structure
(VarFunc class) and
within-group cor-
relation structure
(corStruct class)

See Bates et al. (2013) for details
= introduction of the random effects using lme



Two-factor ANOVA with repetitions
Model specification Modelling the random effect structure
Modelling the residual variance-covariance structure

Modelling the random effect structure (1/3)
Mo : Fifik = p+o+Be+v1 s+t i &~ N(0,77), ek ~ N(0,0?).

> fitMO <- 1lme(F ~ finger*location, random="1|individual, method="ML")

Individual boxplots of the standardized residuals by location and by finger

Boxplots by individuals are not centered = different individual effects
from one location to another and from one finger to another.



Two-factor ANOVA with repetitions
Model specification Modelling the random effect structure
Modelling the residual variance-covariance structure

Modelling the random effect structure (2/3)

M : Fisix = ptoy+Be+ys+E+E + Sir + irtein, ek ~ N(0,0°)
& ~ N(0,7), &1 ~ N(0,73), &ir ~ N(0,75),Ear ~ N(0,73).

> fitM1 <- 1lme(F ~ finger*location, random=list(individual=

pdBlocked(list(pdIdent(“1), pdIdent(~location-1), pdIdent(~finger-1),
pdIdent(“location:finger-1)))). method="ML")
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Ind|V|duaI boxplots of the standardized re5|dua|s by Iocatlon and by finger

Different residual variability from one location to another = different
variance per location for ;.



Two-factor ANOVA with repetitions
Model specification Modelling the random effect structure
Modelling the residual variance-covariance structure

Modelling the random effect structure (3/3)

Mo : Fig = poy+Be+y1 e +Eitat+Eir+Eir e, €ifix ~ N (0, 02)
& ~ N(0,79), & ~ N(0,77), &ir ~ N(0,73), e ~ N(0,72).

> fitM2 <- 1lme(F ~ finger*location,

random=1list (individual=pdBlocked(list(pdIdent(~1), pdDiag(~location-1),

pdIdent ("finger-1), pdIdent(~location:finger-1)))), method="ML")

@ The p-value of the likelihood ratio
statistic show that M, gives a better fit.

index.resM2.std

@ Introducing random effect terms did
reduce correlation between fingers : 0.482

“| | middle.resM2.std

I/M, 0.187 I/R, 0.005 I/L, 0.370 M/R,
-0.026 M/L, 0.405 R/L.

fing.resM2.std

@ M, does not improve the residual graphs :
different residual variability remains.

little.resM2.std

Pairwise scatter plots of residuals for each pair

of fingers

= need to model the residual variance-covariance structure.
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or ANOVA with repetitions
Model specification

deII g the residual variance-covariance structure

Modelling the residual variance-covariance structure

Fik 1 1 Bi Yir
Fimix 1 1 Bum Yim
M, : =
> | Firik S ER I Br + VIR
Fivix 1 1 Bi YL
1 1 &in i Ellik
|1 1 Eim Eim EIMik
+i 1 + & 1| * &ir + &ir + IRk
1 1 &i i ElLik
Ellik
EMik | NG (04,02vcv), V=l, C=l
EIRik
ElLik



actor ANOVA h repetitions

Model specification \Y ing the rand ect structure
Modellmg the re5|dual variance-covariance structure

Modelling the residual variance-covariance structure

Fliix 1 1 Bi Yir
Fimix 1 1 Bm Yim
M, - =
27| Firix Plg| Forfg] * Br + VIR
Fivik 1 1 B YL
1 1 & i Elik
|1 |1 Eim Eim EIMik
+&i 1 + & 1 + &ir + Eir * EIRik
1 1 &i & ElLik
Ellik
€ IMik ~ N4 (04,0’2V/C/V/)
EIRik
ElLik

V) diagonal matrix with standard deviation for each finger in location | =
allows heteroscedastic errors
C; correlation matrix between fingers in location / = allows correlated errors.
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or ANOVA v
Model specification \ the random structure
Modelling the residual variance-covariance structure

Modelling the residual variance matrix V; (1/2)

o, 0 0 O 1 000

o, |0 o 0 0 o100
Moy:Vi=14 OU,O’C_0010
0 0 0 o 000 1

> fitM2.1 <- update(fitM2, weights=varIdent(form="1|location),
control=lmeControl (msMaxIter=1000))

‘Stndardzed et vs Locaton for 2 ‘Sandarzed esicuss vs Finer o2 ‘Sandardzed resicua vsLocaton for W21 ‘Sangardzed el vs Fioge for 121

Boxplzgts of &;e sta;;iardized residuaI; by I:c>cati6n and by finger:;for m(;;iel M;(Ieft) and r‘nodelw Mql (right).

Similar residual scattering from one location to another
Different residual scaterring for the index finger w.r.t. the other fingers
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ct structure
ance-covariance structure

oy 0 0 0 1000
|0 oo O 0 |01 00
Mez:Vi=1lo 0 o, 0T l0o0 1 0
0 0 0 o 0 0 01

> fitM2.2 <-
update (fitM2.1,weights=varIdent (form="1|location*Index))

i Empirical correlations : 0.450 | /M,
T === "——==—  0.0531/R, 0.0031/L, 0.198 M/R,
Y - T -0.054 M/L, 0.330 R/L.

Boxplots of the standardized residuals by location and
by finger for model My 5.

Lower correlations but still non negligeable = need to model correlation
between fingers
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Two-factor ANOVA h repetitions
Model specification \Y ing the rand effect structure
Modellmg the residual variance-covariance structure

Modelling the residual correlation matrix C;

op 0 0 O 1 om or  owu
0 oo 0 0 om 1 orm oM
Mz : V= ,C=
0 0 o0 O ori orm 1 oOyR
0 0 0 op ou owm o 1
> £itM2.3 <-

update(£fitM2.2,correlation=corSymm(form="1|individual/trial))

@ Empirical correlations : 0.435 I/M, 0.077 I/R, -0.001 I/L, 0.187
M/R, -0.100 M/L, 0.316 R/L.

@ = need to model different correlation matrix per location :

oy O 0 0 1 oM ORIl 0Ll
Mot V= 0 oo, 0 O c — |omi 1 ormi owmi
2.4 - V] — O O 0 ) - 1
Tlo ORIl ORMI OLRI
0 0 0 op oLl OLMI OLRI 1

> fitM2.4 <- update(fitM2.2,correlation=777) ©®
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Results

. Conclusion and perpective
Results and conclusions

Results (1/2)

Final model M5 3 fitted with REML for better variances estimates.
Confirmed by :

@ classical diagnostics plots : residuals fit the normal
distribution, except for the extreme tails.

@ higher variance components for the random effects than the
residual ones

Estimated mean levels of the location-finger crossing groups

Location / finger | Index | Middle | Ring | Little
ExtP3 8.64 7.25 | 590 | 4.97
FlexP3 2528 | 25.47 | 17.24 | 11.47
ExtP 1 1473 | 11.16 | 9.83 | 10.94

Which differences are significant 7 : contrasts tests.
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Results

. Conclusion and perpective
Results and conclusions

Results (2/2)

Location / finger | Index | Middle | Ring | Little
ExtP3 8.64 725 | 590 | 4.97
FlexP3 25.28 | 25.47 | 17.24 | 11.47
ExtP1 14.73

@ For one given finger, force intensity measures are significantly
different
e For one given location,

e No significant differences between two consecutive fingers in
ExtP3

o Significant differences between M/R and R/L in FlexP3

o Significant differences between |/M in ExtP1
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Results

N Conclusion and perpective
Results and conclusions perp

Conclusion and perpective

@ Managed to model biomechanical data using linear mixed
models with complex random effects structures and
non-diagonal residual variance-covariance matrices.

o Failed at getting independant normalized residuals.

@ Need to develop a new corStruct class integrating a more
complex correlation matrix in the nlme library.
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Results
Conclusion and perpective

Results and conclusions
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finger force produced from different tasks using linear mixed
models with 1me R function, CSBIGS, 6(1), 16-36.
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