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Adaptive Control for Gap Detection across the Lifespan

Introduction
Elevated task-focused attention can benefit performance in challenging perceptual tasks
(Carter et al., 2000; Kerns et al., 2004), including speech recognition in noise (Vaden et al.,
2013). Attention declines can contribute to age-related differences in gap detection (Alain et
al., 2004; Harris et al., 2010, 2012; He et al., 1999).

Cingulo-opercular (CO) regions in frontal cortex are hypothesized to facilitate adaptive
control to optimize task performance by adjusting attention and monitoring outcomes (Eckert
et al., 2016; Vaden et al., 2013).

CO activity increases prior to the detection of target sounds (adjusting attention; Sadaghiani
et al., 2009; Coste & Kleinschmidt, 2016) and during difficult task conditions, response
errors, and response uncertainty (outcome monitoring; Dosenbach et al., 2006).

Does CO activity enhance detection of gaps in noise for younger and older adults, when
age-related perceptual differences are experimentally controlled?

Method
Participants: Younger adults (N = 15; 11 female; m ± sd age = 24 ± 3 years) and older
adults (N = 15; 10 female; age = 68 ± 8 years) performed a gap detection in noise task
during an fMRI experiment. Each participant had mean pure-tone thresholds < 25 dB HL
from 500 to 4000 Hz in the right ear (test ear).

Gap-detection thresholds (in ms) were calculated for each participant prior to the fMRI visit.

Structural MRI: T1-weighted images (1 mm3 voxels).
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Conclusions
Elevated cingulo-opercular activity predicted correct gap detection responses, consistent with activity
changes during auditory target detection tasks (Sadaghiani et al., 2009; Coste and Kleinschmidt, 2016).

Only pre-stimulus CO activity from the onset of each trial was significantly related to task performance,
despite robust activation throughout listen and response portions of the task.

Participants with better gap detection demonstrated the largest benefit from cingulo-opercular activity,
consistent with previously observed effects on speech recognition in noise (Vaden et al., 2015). However,
these effects did not vary systematically with age (or age-related differences in task difficulty).

Gap detection is sensitive to CO activity and attention engaged prior to task trials, irrespective of age.

Results

Task: Listen to a noise recording and indicate whether it contained a gap (yes/no button).

Preprocessing for the fMRI dataset: 1) motion correction, 2) co-registration to structural images, 3) spatial
warping to the average brain space (ANTS; Avants and Gee, 2004), and 4) smoothing (8mm FWHM).
Significant group-level BOLD contrast effects were defined with a combined voxel threshold: Z = 4.26,
pUNC = 0.00001 and permutation-based cluster threshold pFWE = 0.05; Ecklund et al., 2014.
A logistic mixed effect model was used to determine whether elevated pre-stimulus BOLD contrast in CO
regions of interest predicted a higher likelihood of correct responses, and to estimate subject-level effects.

Gap thresholds obtained outside of the scanner were longer for older adults [5.34 ms] than younger adults
[4.19 ms; t(28) = 5.15, p < 0.001]. Presenting gaps at or above detection thresholds in the scanner limited
age-related differences in gap sensitivity [p = 0.42] or response bias [p = 0.33], based on button responses.

Cingulo-opercular BOLD contrast increased during listening and responding, relative to the resting baseline.
Correct responses were significantly more likely on trials with relatively higher pre-stimulus CO BOLD
contrast [Z = 2.62, p = 0.009]. Effects of CO activity on trial-level gap detection were larger for participants
with better sensitivity and less response bias [p’s < 0.001] and did not differ between age groups [p = 0.21].

Mixed Block Design: 138 T2*-weighted images (3 mm3 voxels) ×2 runs (19 m 47 s each).

(2.5 ms + Threshold) [26 trials each]

Trial Timing: Sparse fMRI acquisition (TR = 8.6 sec); 4 images per trial.
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