
Intra-individual variability (IIV) in behavior-based 
tasks tends to be higher in older as compared to 
younger adults. In fact, changes in IIV of 
behavioral measures over the lifespan have been 
well-characterized as following a U-shaped curve, 
wherein variability is higher in children and older 
adults but lower in young adulthood (Grady, et al., 
2012). Recent evidence (Garrett, et al., 2013) 
suggests brain signal variance can also contribute 
to our understanding of brain activation patterns 
in aging populations. Such age-dependent 
differences, however, have only been recently 
examined using functional neuroimaging (Garrett, 
et al., 2011; Garrett, et al. 2013; Samanez-Larkin, 
et al., 2010), and initial results have shown varying 
patterns with behavioral results. 
 
AIM: The present study examines both reaction 
time and blood oxygen level dependent (BOLD) 
signal IIV in older and younger individuals during 
an implicit learning task. 

INTRODUCTION 

METHODS 

Experimental Paradigm 
• Healthy older adults (n=11; mean age 67.4 yrs) and 

younger adults (n=10; mean age 18.7 yrs)  performed 
a Triplets Learning Task (TLT; Howard, J. H., et al., 
2008) 

• Viewed a sequence of three visual stimuli and 
responded to third (target) with button press (see 
Figure 1 below) 

Figure 1. Visual of one triplet of TLT, with timings. Additionally, a 
jitter of 0-6 s was placed between trials.   

Behavioral Measures Analysis 
• Mean of median reaction time on TLT task was calculated for 

each individual and compared between age groups by t-test 
• MSSD (mean squared successive differences; see Figure 2 

below) of MMRT on TLT task was then calculated as measure 
of time-dependent behavioral IIV 
 

Imaging Analysis: AFNI (http://afni.nimh.nih.gov/afni/)  
• Preprocessing: slice timing correction, motion correction, 

spatial smoothing (4mm FWHM), concatenation of runs, 
conversion to percent signal change (using mean signal as 
baseline) 

• Task-relevant regions of interest (ROIs) were identified by 
deconvolution of signal time courses to estimate the impulse 
response function (IRF) for each voxel, and using this IRF as 
the ideal hemodynamic response  

• Group activation maps were rendered by coregistering 
functional overlays with Talairach-transformed anatomical 
images for each individual.  

• Correction for multiple comparisons was applied using 
AlphaSim (AFNI toolbox).  

• ROIs were defined as intersection of thresholded (p<0.01, 
corrected) clusters from triplet-type effect (HP>LP) activation 
and 6mm spheres centered at peak activation (see Fig 4) 

• Average time-series were extracted from ROIs to calculate 
MSSD as measure of time-dependent signal IIV 
 

 
 
 

 
 

Figure 2. Equation for MSSD (von Neumann, et al., 1941). 

RESULTS 

DISCUSSION 
Results revealed that IIV in reaction time was consistently higher in older adults as compared to the younger 
group across all learning sessions. In contrast, for HP>LP BOLD activation, older adults had lower variability in 
most task-related ROIs, although not all differences between age groups were significant. Only the medial 
precuneus had significantly lower variability in the older adults, while the cerebellum had significantly higher 
variability in the older group. Our BOLD signal results are consistent with previous findings of IIV differences 
by age (McIntosh, et al., 2010). Additionally, as expected, variability on task performance was significantly 
higher in the older adult group. Thus the present study shows additional evidence for an inverse relationship 
between behavioral and brain variability with aging, with the exception of the cerebellar region. One possible 
hypothesis concerning the bidirectionality of brain signal variability is that, compared to young adults, older 
adults have higher variability in subcortical regions, but lower variability in cortical regions (Garrett, et al., 
2011; Garrett, et al., 2013). 
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• Participants underwent three event-related fMRI 
sessions of 135 trials (triplets) each-- representing 
early, middle, and late learning, respectively 
 

Imaging Parameters: 3T Siemens Trio Scanner 
• Anatomical: T1-weighted MPRAGE sequence: 

TR=2300ms, TE=2.94ms, FoV=256mm, FA=90°; 
number of slices=160, thickness= 1mm; 1.0mm3 
isotropic resolution; TA=7:23. 

• Functional: T2*-weighted EPI sequence: TR=2500ms, 
TE=30ms, FoV=256mm, FA=90°; number of slices=42, 
thickness= 3.7mm; voxel size= 4x4x3.7mm; TA=6:30. 
 
 
 

Figure 3. (a) Mean of median reaction time (MMRT) on TLT and (b) MSSD of 
MMRT on TLT by learning session (L1-L3); *indicates significantly different 
between age groups by t-test (p<0.001 and p<0.05, respectively).  

Behavioral Measures of Variability Activation map of triplet-type effect (HP>LP) 

Figure 4. ROIs: cerebellum (z=43); inferior frontal region (z=54); anterior cingulate, caudate, 
insula (z=66); medial frontal, precuneus (z=130) 

Figure 5. MSSD of time-series in TTE-related ROIs; *indicates significant difference between age 
groups by t-test (p<0.05).  
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