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My research program aims to understand the basic cognitive and neural mechanisms 
underlying individual variation in language and memory systems across the adult lifespan. This work 
is guided by the principle that understanding complex cognitive systems require converging evidence 
from multiple methodologies and populations. To address these aims, I develop novel methodologies 
and paradigms to assess neuro-behavioral relationships in complex cognitive domains, advance use-
inspired basic and translational research, and develop empirically-supported interventions and tools 
to optimize cognitive and brain functioning in adulthood. I adopt an interdisciplinary and multi-method 
approach to this work, drawing on theories and methods in cognitive science, neuroscience, 
gerontology, linguistics, and quantitative and experimental psychology, including the study of human 
brain functioning (e.g., event-related brain potentials, transcranial magnetic stimulation), eye tracking, 
behavioral performance, and physiology (e.g., pupillometry, heart-rate variability). Below, I provide a 
snapshot of three inter-related lines of research within this program, as well as future research plans. 

Cognitive Aging and Individual Differences in Language Use. The mechanisms underlying the 
comprehension of language are complex, involving the recruitment of a highly distributed set of neural 
systems supporting sensory and cognitive processing. Normative aging can begin to compromise these 
systems, negatively impacting the ability to comprehend language and learn from text and speech. One 
primary line of my research investigates how aging and individual differences in adulthood impact 
language comprehension and memory, and how sensitive on-line measures of moment-to-moment 
language processing (e.g., ERPs, eye tracking, and reaction time) reveal mechanisms of these 
differences [7,11,12,15,18,19, 21, 28, 34, 36, 37, 42]. For example, I have shown that age-related changes in working 
memory and language experience are dissociable across the adult lifespan, and have differential 
impacts on lexical, semantic, and syntactic processing. I have validated an individual-difference 
measure of print exposure in older adulthood to index individual differences in reading experience and 
have shown that older adults use their decades of additional experience with the statistical properties 
of the written language not only to facilitate lexical and sentential processing, but also to buffer against 
the negative effects of declines in working memory on comprehension and memory for text. This work 
has suggested a unique compensatory role of literacy experience in older adulthood. Recent work in 
this area has been aimed at exploring real-time language processing in a unique community-dwelling 
sample of adults with very low literacy [3,12,19]. Finally, in a project beginning this semester (funded by 
Google, PI: Payne), we are examining the neural underpinnings of these effects in a large-scale ERP 
study (N = 200).  I have also extended this work to a number of applied domains [1,2,3,10,26, 27,32,33,39]. For 
example, I’ve examined how increased risk for amnestic and non-amnestic mild cognitive impairment 
differentially influences aspects of semantic processing and propositional memory [27]. In ongoing and 
future work, my lab is examining how assistive text captioning impacts speech memory among older 
adults with sensorineural hearing loss (currently funded by CaptionCall, LLC; PI: Payne). Despite the 
clear demonstration that auditory perceptual challenges draw on higher-order cognitive resources to 
accomplish speech decoding, very little work has examined whether these cognitive burdens can be 
ameliorated through the multi-modal presentation of language input. Indeed, our early findings [3*,5*,6*] 
have revealed reliable improvements in immediate speech recall and long-term memory for speech 
with assistive text captioned speech, especially among older adults with hearing loss.  

 Bridging the Gap Between the Behavioral and Neural Study of Comprehension. I have argued 
that the cognitive neuroscience of language has long been siloed, making little connection with the 
behavioral psycholinguistics literature [e.g., 7]. I have worked to develop methods and paradigms to bridge 
the gap between these research areas to develop a more integrated understanding of language 
processing. For example, in one line of work, I have examined the neural mechanisms underlying the 
allocation of covert attention across the visual field in sentence reading. This work has combined 
behavioral, eye tracking, and neurophysiological measures to probe (a) lexical semantic processing in 
parafoveal vision [1, 8, 15, 24], (b) the relationship between concurrent foveal difficulty and parafoveal visual 
attention [1,25,40], and (c) how age-related cognitive and sensory change modulates visual attention 
allocation in reading [11,15,40]. Findings have highlighted important neurophysiological constraints on 
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models of attention control in reading. For example, in a recent invited letter in Trends in Cognitive 
Science [1], I drew on findings from this work to argue for constraints on recent computational models 
of attention control in reading. In future work with my PhD Student Clara Lopes, we are focusing on 
developing tools to align event-related brain potentials with eye movement behavior (e.g., fixation 
onsets and saccades) during natural reading. This work will allow us to examine neurophysiological 
mechanisms of naturalistic reading behavior in ecologically valid environments.  

In other ongoing work, I have begun examining the nature of sustained attention in language 
processing by examining within-person (intra-individual) variability in behavioral and neural indices of 
language processing [11,16,19,24,31]. This work has begun to reveal the mechanisms underlying trial-to-
trial behavioral variability in language processing (i.e., why is it that we can sometimes process 
language efficiently, and other times we seem to ‘zone out’). I have developed a novel method for 
conducting single-item level measurement, visualization, and analysis of event-related brain potentials 
[31] and I’ve recently extended this work by co-registering single-trial behavioral and neural measures 
during language processing [16,36]. These results have revealed neural measures of processes that are 
obscured by traditional averaging methods. For example, we provided the first direct 
electrophysiological evidence for the role of cognitive control processes in regulating moment-to-
moment reading behavior[16], with implications for the assessment of comprehension in special 
populations [e.g., 12]. Currently ongoing and future work—with my students Jack Silcox and Sara 
LoTemplio— is focused on using this multi-method approach to study (a) context processing in adults 
with hearing loss and (b) coupling between physiological and neural systems in sustained attention. 

Finally, in collaboration with the Non-Invasive Neurostimulation Program at the University 
Neuropsychiatric Institute, I have recently begun a novel project (funded via a VPR Seed Initiative 
Grant, PI: Payne). examining the role of neural systems governing speech production in language 
comprehension. In this project, we are developing a novel methodology combining non-invasive brain 
stimulation (e.g., transcranial magnetic stimulation [TMS]), functional speech mapping, and the 
simultaneous recording of high-density EEG to test the causal role of speech production systems in left 
inferior frontal cortex when readers use context to predict upcoming words. Our first findings from this 
project were recently reported by my undergraduate SPUR student, William Finlay [2*]. Findings have 
the potential to advance causal models of the neurobiology of language, with implications for improving 
communicative competence and language remediation in aging and in certain clinical populations. In 
future work, will combine speech mapping with high-resolution MRI to improve TMS localization, and 
begin studying developmental changes in predictive processing in aging via combined TMS and EEG. 

Cognitive Resilience in Older Adulthood. There exist considerable individual differences in 
cognitive and brain functioning in older adulthood, such that some adults in late life can outperform their 
younger counterparts in complex cognitive domains, while others show considerable deficits. What are 
the mechanisms that underlie sustained optimal cognitive functioning among some older adults? My 
line of research that addresses these questions has been conducted while working on two large scale 
NIH funded trials: The Senior Odyssey Intervention (N = 462) [6,17,35,41,42,43,44], and the Advanced 
Cognitive Training in Independent and Vital Elderly trial (N = 2,802) [13,20,23,34]. My work on these projects 
involves using advanced statistical methods (e.g., multivariate latent change score models) to examine 
moderators of intervention-related changes in cognitive health outcomes and longitudinal trajectories 
of cognitive change with age. A primary goal of this work has been to highlight the role that dispositional 
and personality characteristics play not only in understanding trajectories of cognitive aging but also in 
understanding individual differences in responsiveness to interventions to promote cognitive health in 
aging (see our recent reviews [4, 17]). I have been working to seek continued grant funding to continue 
this line of work both in both large-scale longitudinal studies, as well through intensive ‘experience 
sampling’ ambulatory assessment designs via home-based computerized assessment of cognitive 
functioning. In fact, I have developed software for the application of home-based computerized working 
memory training via iPad tablets in older adults (training materials and source code have been made 
freely available online), and I have shown that this protocol may improve working memory and language 
outcomes relative to an expectation-matched placebo-control group [18].  


