Effects of Measurement Error on Autoregressive
Parameters in Time Series Analysis
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!n ps.ycholc.)gy, interest in investigating |ntr.a|nd|V|duaI processes through Evaluatin g Mo del Performance Coverage
individual time series analysis has grown in the last two decades. o (a) Factor Loadings (b) Autoregressive Coefficient
However, despite the fact that research has shown that failure to The performance ot each of the models was assessed by examining the _ _
account for measurement error leads to biased estimates of relative bias and the 95% coverage rates for the AR parameters from § S- =05 & 3- s 0%
autoregressive parameters (e.g., Schenker & Gentleman, 2001; the DFA(1,1), AR(1), and AR(1) + WN models. Relative bias was S —  F s -
Shuurman, Houtveen, & Hamaker, 2015), the majority of these analyses computed as (¢ — ¢)/¢, where ¢ Is the estimated value of the AR S o] _m= N S o ] il —
do not explicitly incorporate measurement error. This is problematic paramet.er.and ¢ is the true parameter. Coverage rates were formulated DFA(LY)  AR(1)+WN AR(1) DFA(LY)  AR(1)+WN AR(1)
because the variables typically used in the social sciences are difficult or by examining the proportion of times the true value of the AR parameter
impossible to measure directly, meaning that measurement error is occurred within the 95% confidence intervals of the maximum likelihood
omnipresent in these fields. estimated values in each of the simulated conditions. (C) Number of Time Points (d) Number of Indicators
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A number of the models failed to converge across some of the § | mml B : ; il == B
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simulation conditions. For the DFA(1 ,1) and AR(1) + WN models, DFA(1.1) AR(1) + WN AR(1) DFA(1,1) AR(1) + WN AR(1)
convergence greatly improved as the number of time points and the AR
parameter increased, and as the amount of unique variance decreased.

The purpose of this project is to investigate the effects of measurement
error in analysis of individual time series data by comparing the dynamic
factor analysis (DFA) model to autoregressive (AR) and autoregressive

Figure 2. 95% coverage rates for DFA(1,1), AR(1) + WN, and AR(1) models with
(a) magnitude of factor loadings varied, (b) magnitude of AR parameters varied,

. . . . The AR(1) model converged 100% of the time for all of the simulation - - - o -
N Wh'te noISe ('A.‘R " \.NN) models.usmg comp osites of opserved conditions examined. Results are reported for the converged solutions f;?vr;f:gt;erra?;'Zree%%ﬂ];isvsgzci}é?snolirTe?ecroc:JQgﬁgtors variec. Reporied
indicators. In this project, we are interested in the following research only '
guestions: '
1. :r?;\lly(;(i)se’?s unigue variance affect dynamic parameters in time series Relative Bias
2. Does the AR + WN model recover the AR parameter as well as the (a) (b)
DFEA model? P T=50 T =100 When the true AR parameter is high and the time series is sufficiently
3. How do these models perform compared to an AR model which gm- gm- AR N -fmfm- la?sn\?véﬁ-gé,s ’Z;re B)ng(:hf) '?nF‘:)(c];I+a}[/¥2|c?voedr?nlgpter:feotrrrzz ZSR V\éea”r,a ‘:T:er][g?rly
does not incorporate measurement error? A RIS | O P S S S SN A [T R S Sy~ |0 S SO ’ ’ -
P m_g- S ainuine Ef E'IE -l- Elﬂ T -+ E m-% Eaiuninn % % + I - E Both the amount of relative bias and the 95% coverage rates for the
5'8? g'gi : estimates of the AR parameter seemed to improve with increasing
M ETHOD 0 8'_%&_#__1____#5__‘___{____& 2 82_4;__,___,_____%__1___,____%__;___,__ length of time series and when there was a smaller proportion of unique
Eg ! %g variance. The AR(1) model tended to severely underestimate the AR
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Monte Carlo Simulation 4 > 0 s E parameter in most of the simulation conditions.
+ Data were generated from a lag-1 DFA model with 1 latent factor _82’*““"‘*‘"*"""*""’““'*' AT T T T T T T !
(DFA[1,1]) using the MARSS package in R (R Core Team, 2016) 05 07 09 05 07 09 05 07 09 05 07 09 05 07 09 05 07 09
» 500 data sets generated per condition Factor Loadings Factor Loadings
« The DFA(1,1) was fit to the generated data and lag-1 AR (AR[1]) and (C) o | o
lag-1 AR + WN (AR[1] + WN) models were fit to composites of the T = 500 t?]"eg"fhesv‘i”f\'lnd'”gslSuggebSt that in the bﬁbse”gel‘f multiple '”‘1!Cat°r5’
indicators from the DFA(1,1) model N AR | AR £ WN | DFALY) e AR(1) + t Mo et'may ea reaslon_a e rlno el for incorporating
. - - TSR | Figure 1. Relative bias of AR measurement error in time series analysis as long as convergence
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.Thigzugylggd%a;zﬁgiésvg;;igsrrlsgoacross conditions: g+ et %—%'1' -%— ——— E parameter estimates across the criteria are met. The AR(1) model, on the other hand, tends to lead to
. 5/75 7/51 and .9/.19 86 | converged solutions for length of attenuation of the AR estimate in the presence of measurement error.
b and . " m time series equal to (a) 50, (b) 100,
* Number of indicator variables S e A and (c) 500. There were no notable
« 3,5,and 7 - differences between various
«  Magnitude of AR parameter 7 § M numbers of indicators, so results co NTACT
. 2 5 and.8 R Maamme e - are collapsed across these . _ _ .
«  Number of time points 2 s conditions. For more information, or for a copy of this presentation, please contact
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