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Considerable evidence suggests that language processing depends on memory processes, which are vulnerable to declines with aging. Yet little is known about the effects of language processing in the form of sustained literacy engagement on memory and other aspects of cognition. In the current study, adults (60–79 years of age) were randomly assigned to an 8-week program of leisure reading (n = 38) or to an active puzzle control (n = 38). Relative to the control, the experimental group showed differential improvement in verbal working memory and episodic memory. The experimental group also showed evidence of enhanced conceptual integration in sentence processing. These effects did not vary as a function of personality characteristics (e.g., openness) hypothesized to be compatible with literacy engagement. These findings support the idea that the exercise of cognitive capacities in the context of everyday life may offset age-related impairment in areas of cognition engaged by the activity, regardless of dispositional fit.
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INTRODUCTION

In broad terms, cognition in adulthood is often characterized as dynamic change in two competing forces (Baltes, 1997; Baltes et al., 1999; Finkel et al., 2007). Fluid ability (or “mental mechanics”; gf), the ability to quickly transform information and effectively control attention to respond to changing task demands, shows a monotonic decline through adulthood, as a consequence of genetically mediated senescence processes. Crystallized ability (gc), grounded in knowledge and acculturation, increases as a consequence of experience. Developmental patterns of change in the psychometric assessment of abilities is of special interest insofar as these abilities are predictive of significant everyday outcomes (Gottfredson, 1997; Kuncel et al., 2004; Deary, 2008; Deary et al., 2010; Gross et al., 2011; Gothe et al., 2014).

Even though age-related declines in fluid abilities are normative, there is considerable inter-individual variability in trajectories of change, such that some individuals age quite well (Livingston et al., 2017, 2020). Some of this variance is certainly attributable, as with virtually any biological process, to variation inherent in senescence (Hayflick, 1998), but it is also well-accepted that cognition can be enriched through experience (Hertzog et al., 2008). At the same time, theoretically grounded, empirically supported pathways to robust cognition with aging that can be translated to application remain to be discovered (Stine-Morrow et al., 2021; Stine-Morrow and Manavbasi, 2022). In fact, cognitive interventions, focused on instruction and practice in component skills, tend to produce change that is narrowly tied to the trained skill (Simons et al., 2016). Thus, there is growing interest in how activity engagement in the ecology of everyday life can broadly shape cognitive health (Park et al., 2014; Stine-Morrow et al., 2014; Carlson et al., 2015; Banducci et al., 2017; Cerino et al., 2020). In the current paper, we report the results of an investigation into the effects of everyday reading on cognition and language-related processes, as well as on dispositional factors that may sustain activity engagement. By way of introduction, we summarize what is known about cognitive enrichment with aging, as well as about the particular effects of sustained literacy engagement.

Plasticity refers to the capacity for mind and brain to be shaped by experience. While early models of development focused on plasticity as predominantly a property of young organisms (Waddington, 1942; Gottlieb, 1991), it is now understood that, while perhaps more sluggish with aging, plasticity exists throughout the lifespan (Baltes, 1997; Lövdén et al., 2010).

The clearest literature in defining causal mechanisms of plasticity through mental exercise is that in which participants are randomly assigned to groups trained in particular cognitive skills, and change in performance is measured on the skills that are specifically trained and those that are more or less similar to the targeted skills (“near” and “far” transfer). An extensive base of research with healthy older adult populations has clearly demonstrated reliable improvements in the specific skill that is trained but limited evidence for transfer to related skills or to everyday outcomes (Blieszner et al., 1981; Schaie and Willis, 1986; Willis and Nesselroade, 1990; Ball et al., 2002; Willis et al., 2006; Rebok et al., 2014).

However, there is reason to be optimistic about the potential in training particular mental skills for enhancing performance in areas of cognitive function that are dependent on those skills. Working memory (WM) training is an especially promising pathway given that a large body of evidence suggests that it is predictive of language comprehension and memory (Daneman and Merikle, 1996), reasoning (Kyllonen and Cristal, 1990; Süß et al., 2002), and fluid ability (Engle et al., 1999). While WM training has shown little evidence of transfer to improved intelligence (Shipstead et al., 2012; Melby-Lervaøag and Hulme, 2013; Melby-Lervaøag et al., 2016; Simons et al., 2016; Guye and Von Bastian, 2017), or at best, what amounts to 3 or 4 IQ points (Au et al., 2015), there is some evidence for near transfer, especially for complex span training, in which participants simultaneously engage in some ongoing processing task (e.g., sentence verification, arithmetic) and encode an element for later memory (Chein and Morrison, 2010), especially among older adults (Richmond et al., 2011; Carretti et al., 2013). Relationships between WM and language comprehension are robust (Daneman and Carpenter, 1983; Daneman and Merikle, 1996; Carretti et al., 2009), and there are strong theoretical reasons to believe that WM is a critical bottleneck for cognition that is exercised with language processing (Baddeley, 2003, 2012). In fact, in an experiment with older adults contrasting the effects of complex span training with an active verbal processing control, we demonstrated near transfer to unpracticed span tasks and far transfer to episodic memory for sentences, comprehension of sentences with temporary syntactic ambiguities, and verbal fluency (Payne and Stine-Morrow, 2017).

In contrast to training, engagement involves the implicit exercise of cognitive skills in the course of everyday activities (Stine-Morrow et al., 2014, 2021; Stine-Morrow and Manavbasi, 2022). Prospective longitudinal studies and natural experiments have provided some support for the idea that activity engagement, especially that involving cognitive and social stimulation, can reduce age-related cognitive declines as well as the risk of dementia (e.g., Wilson et al., 2002; Rohwedder and Willis, 2010; Mosca and Wright, 2018; Ihle et al., 2019). Experimental approaches in which participants are randomly assigned to complex environments (e.g., creative problem solving competition, challenging hobbies, community engagement) have provided clear demonstrations that psychometrically measured cognitive abilities can show growth through implicit practice in context (Carlson et al., 2008; Stine-Morrow et al., 2008, 2014; Park et al., 2014).

The activity engagement with the most robust consequences for cognitive resilience may be early-life education (Albert et al., 1995; Lövdén et al., 2020). Even with the challenges of disentangling correlations among education, socioeconomic status (SES), and selectivity, data from large-scale studies in cognitive epidemiology and prospective studies strongly suggest that education contributes directly to shaping intelligence in adulthood (Deary and Johnson, 2010, 2011; Ritchie et al., 2013) and a compression of declines in late life (Bennett et al., 2003; Le Carret et al., 2003; Scarmeas and Stern, 2003; Stern, 2009). A sizable percentage of autopsied brains of well-educated individuals who show no show clinical manifestation of the disease prior to death show evidence of Alzheimer’s-related pathology. There is also evidence that education buffers age-related decline in hippocampal volume (Noble et al., 2012). The mechanisms responsible for the “long arm” of education are unclear, but there is some evidence that effects may be mediated by ongoing activity engagement (Liu and Lachman, 2020), including literacy habits (Parisi et al., 2012).

Reading has long been recognized as a highly active form of mental engagement (Thorndike, 1917; Nell, 1988), but literacy practices have been largely neglected in the quest for cognitive enrichment to promote late-life cognitive health. There are good reasons to fill this gap. Readers allocate effort at the sentence level to process meaning, and at the discourse level to track the larger structures of argumentation and narratives and to mentally simulate events (Stine and Hindman, 1994; Stine-Morrow et al., 1996, 2001a,2001b,2008; Radvansky and Dijkstra, 2007; Gerrig and Jacovina, 2009; Noh and Stine-Morrow, 2009; Stine-Morrow and McCall, 2022). At the neural level, language processing depends on a language-specific core network, as well as domain-general networks that support memory, reasoning, executive control, mental simulation of sensorimotor experiences, and socioemotional processing (Ferstl et al., 2005; Speer et al., 2009; Barbey et al., 2014; Chow et al., 2014; Fedorenko and Thompson-Schill, 2014). While many aspect of discourse processing are maintained into late life (Stine-Morrow and Radvansky, 2017), longitudinal declines in discourse memory have been shown to track closely with declines in fluid ability (Payne et al., 2014b).

The systematic investigation of whether elective engagement in reading has a long-term impact on language processing and intellectual functions among literate individuals has been largely restricted to the study of children and college students. Reading experience is typically measured by checklists that assess recognition of unusual words, or the names of authors, magazines, or periodicals (Mol and Bus, 2011)—objective measures that are not subject to the social desirability effects of self-reports, and correlate with other measures of print exposure (e.g., number of books in the home, the ability to name a favorite author). Such measures have been found to be related to language processing abilities (e.g., speed of decoding, verbal fluency, comprehension) even when fluid ability is controlled (Stanovich and Cunningham, 1992). Longitudinal research has revealed lagged correlations with print exposure predicting language abilities and vice versa. In addition, there is evidence that the relationship between print exposure and language abilities increases through childhood to early adulthood. Such findings have prompted some to argue for a causal spiral between print exposure that contributes to more fluent reading, on the one hand, and abilities that afford access to an ever wider range of texts, on the other (Mol and Bus, 2011). In spite of correlational work cited above that is suggestive of the benefits of literacy engagement among older adults, to our knowledge, there has been no systematic investigation of literacy engagement as a pathway to cognitive enrichment for older adults.

The small body of work on the effects of print exposure in middle and late adulthood suggests that habitual literacy may have broad effects. Based on data from the Health and Retirement Study, Bavishi et al. (2016) reported that adjusting for education, health, and other covariates, individuals who read books showed a 20% reduction in mortality risk over 12 years relative to non-readers and those who read magazines and newspapers, an effect that was mediated by cognition. Print exposure can explain the increase in crystallized ability through adulthood (Stanovich et al., 1995). Controlling for education level, print exposure has been related to executive control, verbal fluency, and memory (Barnes et al., 2004). Older readers with higher levels of vocabulary process words more efficiently and allocate more attention to semantic processing (Stine-Morrow et al., 2008) and print exposure is predictive of more efficient lexical processing and greater allocation to conceptual integration, even when vocabulary is controlled (Payne et al., 2012a). Older adults with higher levels of print exposure are also more attuned to the statistical properties of syntactic structure (Payne et al., 2014a). Literacy often trumps educational level as a predictor of cognition in later life (Manly et al., 1999, 2004; Kavé et al., 2012), and has been shown to buffer the clinical manifestations of Alzheimer’s Disease (AD; Wilson et al., 2000). Finally, the well-replicated relationship between WM and text memory has been shown to be moderated by print exposure such that at the highest levels of print exposure, text recall is minimally constrained by poor WM (Payne et al., 2012a).

Only recently have the effects of reading on mind, brain, and well-being been explored using experimental approaches. Relatively short-term sessions of reading improve performance on both cognitive and affectively grounded theory-of-mind tasks (Kidd and Castano, 2013). An auditory narrative intervention with dementia patients produced improvement in auditory processing and memory relative to a passive retest control (Bartolucci and Batini, 2019).

A rapidly expanding literature in cognitive neuroscience is charting the effects of literacy on brain function (Fedorenko and Thompson-Schill, 2014). Changes in resting state functional connectivity among college students during and after reading a novel have been documented (Berns et al., 2013), suggesting that there may be relatively immediate effects of engaged reading on neural organization, which would be expected to prepare the mind to process subsequent experience. Recent findings suggest that literacy may strengthen connectivity between brain networks for language and executive cognitive; for example, engaging the visual word form area (VWFA) which serves as an interface between language processing and high-level vision (López-Barroso et al., 2020). This work demonstrates that functional connectivity between the VWFA and networks for executive control and vision are strongly tied to reading proficiency and age of acquisition, and therefore suggests that literacy engagement may promote the integration of cortical networks for language and executive control processes. Indeed, accumulating evidence suggests that the VWFA plays a central role in executive attention and WM resources necessary for word reading, providing evidence that literacy and WM rely upon shared neural mechanisms (Chen et al., 2019).

In addition to direct consequences for cognition and its neural substrates, habitual literacy may have the potential to engender habits of mental stimulation. Stine-Morrow and Manavbasi (2022) have argued that activity engagement can shape dispositions and attitudes that, in turn, shape the selection and experience of activities. In younger populations, reading engagement is related to the personality trait of openness (Medford and McGeown, 2012), a characteristic argued to support late-life cognitive health, in part, by expanding behavioral repertoires (Parisi et al., 2009; Hogan et al., 2012). There is evidence that experiential engagement can be shaped by activity engagement (Jackson et al., 2012; Stieger et al., 2020), and that the effects of activity engagement can be augmented among those whose existing temperaments are compatible with that activity (Payne et al., 2012b; Stine-Morrow et al., 2014; Cerino et al., 2020).

Collectively, this research suggests that reading, an accessible and cost-effective form of activity engagement, (a) can engender a highly active mental state so as to exercise a broad array of cognitive and neural processes, in particular, WM, episodic memory, and executive control, which are among the most vulnerable with aging, and (b) may be self-perpetuating in increasing the efficiency of lexical processing, enhancing effortful allocation to semantic processing, and shaping dispositions that sustain further literacy engagement. In this study, older adults with wide variation in initial cognitive status were randomly assigned to a literacy engagement group or to an active control. We examined whether a sustained period of reading engagement has measurable benefits for language processing and for cognitive skills underlying reading, as well as for dispositions that support cognitive health, in later adulthood.



MATERIALS AND METHODS


Participants

In the interest of examining the effects of literacy engagement among older adults with a wide range in ability, we recruited from the community, assisted living residences, and a local memory clinic, and were conservative in screening out individuals experiencing early signs of mild cognitive impairment, Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005) > 16. Such natural variability in cognitive status allows for a more comprehensive view of cognitive aging (cf. Payne and Stine-Morrow, 2016). Other inclusion criteria for participation were: native English (or acquisition of English before age of 6 years); no severe sensory impairment that would limit participation; no stroke in the last 3 years; no current cancer treatment involving radiation or chemotherapy; no self-reported history of learning disability; relatively inactive (retired from paid employment for at least 6 months and < 20 h per week of scheduled activities); no engagement in a cognitive intervention in the last 2 years; and not already actively engaged in literacy activities and or games/puzzles (<10 h per week in both reading and gaming).

Based on an a priori power analysis using G*Power (Faul et al., 2007), we originally aimed for a sample size of 88. Assuming α = 0.05 (one-tailed) and reliability of within-subjects measures of ρ = 0.8, 44 participants per group would have afforded 0.90 power to detect a small effect size (Cohen’s f = 0.1). However, data collection was prematurely discontinued because of the COVID-19 pandemic. As shown in the CONSORT diagram in Figure 1, 76 adults (60–79 years of age; M = 68.7, SD = 5.7) agreed to randomization. Retention in the program for the Literacy group was 79%; and for the Control, 66%. Within these samples 3 people completed the program but could not return to the lab for post-test due to constraints of the pandemic. Seven individuals (4 from the Literacy group and 3 from the Control group) who dropped from the program, nevertheless, returned for post-test. Those who returned for post-test (N = 59) did not differ in age or education level from those who did not (N = 17), p > 0.1 for both; those who returned for post-test had higher scores at baseline on the MoCA (MR = 25.83, SD = 3.10; MD = 22.88, SD = 4.41), t(73) = 3.07, p = 0.003, d = 0.87, and on reading fluency (MR = 22.54, SD = 17.80; MD = 17.80, SD = 7.89), t(72) = 2.17, p = 0.033, d = 0.63, relative to those who did not. Any numerical differences in other cognitive measures (which generally favored those who returned) did not reach significance. There were no differences in personality traits at baseline between those who returned for post-test compared to those who dropped out. Table 1 shows performance at baseline for the sample that was retained to post-test. There was a trend for the Control group to report more time with reading engagement than the Literacy group at baseline, but otherwise the groups did not differ.
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FIGURE 1. CONSORT diagram.



TABLE 1. Characterization of retained sample at baseline.
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Measures


Cognition

Verbal ability was measured with the Advanced Vocabulary task (Ekstrom et al., 1976) and the North American Reading Test (NAART; Uttl, 2002), a = 0.91.

Reading Fluency was measured with an adapted version the Woodcock-Johnson IV Reading Fluency Test (Schrank et al., 2014), in which participants verify a series of simple sentences within 1 min.

Print Exposure was measured with the author Recognition Test (ART; Acheson et al., 2008), Magazine Recognition Test (MRT), and specialty versions of the ART focused on Fiction and Non-fiction (Mar and Rain, 2015), a = 0.90.

Working Memory was measured with three verbal span tasks (Conway et al., 2005), the category span, operation span, and reading span, a = 0.76. The category span task required participants to indicate whether or not a word belonged to a given category with a button press. After each category-word pair, participants were shown a letter and asked to recall it for a later memory test. Participants were given 5 s to respond. The operation span task required participants to decide whether a set of math problems was correct or incorrect. After each math problem, participants were shown a letter and asked to recall them at the end of the set. Participants were given 7 s to respond. The reading span task (Stine and Hindman, 1994) required participants to determine whether or not a sentence made sense. While making the judgments, they were also asked to remember the last word of the sentence. Eight seconds were given to complete this task. For each of these tasks, participants were asked to give equal weight to the decision task and the memory task. The number of items in a set increased across trials, with two sets per level. The task was discontinued when participants got two sets incorrect at a level. The score was given as the highest level completed correctly plus a fractional value representing the number correct at the next level.

Episodic Memory was assessed with the Hopkins Verbal Learning Test (HVLT; Hester et al., 2004). A composite measure was based on total recall across three trials and delayed recall after 20 min, a = 0.79.

Verbal Fluency (Tombaugh et al., 1999; Brickman et al., 2005) was assessed with a semantic fluency task in which participants provided as many exemplars as possible to each of three categories within 1 min, and a phonemic fluency task, in which participants generated as many words as possible beginning with each of three letters within 1 min, a = 0.73.



Personality

The MIDI Big Five Inventory (Lachman and Weaver, 1997) was included to measure of Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and Neuroticism. Given our specific interest in the trait of Openness, we also administered Goldberg’s multifaceted inventory (Goldberg, 1999). This measure includes subscales to assess different aspects of Openness, including Intellect (e.g., has a rich vocabulary, enjoys thinking about things), Ingenuity (e.g., full of ideas), Competence (e.g., looks at the facts, meets challenges), Quickness (e.g., quick to understand things, enjoys reading challenging material), and Creativity (e.g., likes to solve complex problems, asks questions no one else does).



Sentence Processing and Memory

Participants read a series of 25 two-sentence passages word-by-word using the moving window method, and immediately recalled the gist of the passage aloud into a microphone. The sets of passages at pre-test and post-test dealt with topics in nature, geography, and history, and were comparable in length and complexity (Stine-Morrow et al., 2001a,2008). Reading times were analyzed for the first sentence only, with the second sentence serving as a buffer so that reading times for the sentence-final words were not contaminated by preparations for recall. Individual reading times were decomposed into process-related components using regression analysis (Miller and Stine-Morrow, 1998; Stine-Morrow et al., 2001a,2008, 2010a; Chin et al., 2015; Payne and Stine-Morrow, 2016; Ng et al., 2020). Briefly, word-level reading times for each individual were regressed onto text features reflecting processing demands (e.g., longer words take longer to read to accommodate decoding). Accordingly, the array of regression coefficients is taken to represent resource allocation (RA) to reading-related processes. Such coefficients for sentence-level processing are reliable at least across a 1-month interval and across different genres of text (Stine-Morrow et al., 2001a,2008). We were interested in the effects of literacy engagement in facilitating lexical processes and enhancing semantic integration processes (Stine-Morrow and McCall, 2022). Allocation to lexical processes was measured as time per syllable (decoding) and facilitation per log unit word frequency (lexical access). Clause- and sentence-final reading times are often longer than sentence-medial times; because RTs at these points increase with conceptual load and integration demands of the prior text (Aaronson and Scarborough, 1977; Haberlandt et al., 1986; Haberlandt and Graesser, 1989; Miller and Stine-Morrow, 1998; Stine-Morrow et al., 2010b), these times are taken to reflect meaning resolution at the end of syntactic constituents (Stine-Morrow and Payne, 2016). Data were excluded from one participant who was a stark outlier in allocating an average of 15 s to sentence-final words and otherwise read very quickly. Controlling for sentence-initial words, line breaks, and the introduction of new concepts, RA coefficients at baseline for these four components are reported in Table 2 (note that the RA coefficients for lexical access were multiplied by −1 to reflect the greater processing demands for infrequent words). There was an unexpected advantage in the control group for more time allocation to sentence wrap-up, but there was no difference between the groups in subsequent memory.


TABLE 2. Baseline values for resource allocation in reading.
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Propositional recall was scored for gist criterion. Recall of the first sentence and the filler were highly correlated (>0.9) so we report recall for the first sentence alone (i.e., the text on which the RA analysis was based). Scoring reliability between pairs of scorers exceeded 0.85.




Procedure

Participants were randomly assigned to 8 weeks of literacy engagement (i.e., novels, selected history, and biography) or to an active puzzle control. The program was entirely delivered via iPads on loan to participants from our lab. Options for the literacy engagement group were selected in collaboration with the Champaign Public Library Adult Literacy Specialist, who also advised in expanding our library for adults experiencing cognitive impairment. We purchased the reading materials and loaded them into the iBook app for the Literacy group; a variety of verbal puzzle apps were loaded onto the iPads for those in the Active Control. We developed an app for the iPads with a user-friendly interface that provided (a) a timer for participants to track adherence, (b) feedback on adherence, and (c) a log book to record reactions to the activities [e.g., ratings of enjoyment, challenge, and Flow (Payne et al., 2011); and answers to short open-ended questions to promote active engagement]. All interactions from the app were recorded on the iPad and downloaded as data when the iPad was returned to the lab. Participants were asked to spend 90 min per day, 5 days a week, across 8 weeks in their assigned activity. We did not screen for previous iPad use, but created an interface and support system with which participants seemed comfortable. The apps loaded on the iPad were limited to those participants would need for the study. Participants were given the lab phone number and email so that they could contact us if they had any questions. Pre-test and post-test batteries were administered in the lab.




RESULTS


Drops, Adherence, and Experience With the Activity

First, we consider whether there were differences between participants who dropped (n = 21) and those who completed (n = 55) the 8-week program (irrespective of adherence or whether they returned for post-test). At baseline, those who were retained had higher scores on the MoCA (MR = 25.8, SD = 3.1; MD = 23.4, SD = 4.4), t(73) = 2.23, p = 0.035, d = 0.69, working memory (MR = 0.12, SD = 0.86; MD = –0.34, SD = 0.85), t(74) = 2.20, p = 0.031, d = 0.56, verbal fluency (MR = 0.17, SD = 0.82; MD = –0.49, SD = 0.93), t(72) = 2.95, p = 0.004, d = 0.79, and agreeableness (MR = 4.36, SD = 0.42; MD = 3.98, SD = 0.42), t(73) = 3.72, p < 0.001, d = 1.03, and trended higher for print exposure (MR = 0.12, SD = 0.85; MD = –0.31, SD = 0.85), t(74) = 1.97, p = 0.053, d = 0.50, and openness (MR = 3.80, SD = 0.76; MD = 3.39, SD = 0.69), t(69) = 1.95, p = 0.055, d = 0.54. There were no appreciable differences in this pattern between the literacy engagement and control groups.

Those who stayed with the program also showed higher scores on the Flow State Scale completed after each day’s activity (MR = 4.16, SD = 0.52; MD = 3.66, SD = 0.42), t(48) = 2.56, p = 0.014, d = 0.99, suggesting that the experience of deep immersion and a balance between skill and challenge may have supported maintenance of the activity. Ratings for enjoyment, interest, and challenge also numerically favored those who were retained, but none of these differences reached significance. There were too few dropped participants to test differences across groups, but the same numerical differences were apparent in each.

Adherence data during the program were available for 31 participants in the Literacy Engagement (LE) group and 25 in the Active Control (AC) group. If a participant were completely adherent, s/he would have engaged for a total of (1.5 × 5 × 8=) 60 h in the assigned activity. This criterion was met by 16 participants in the reading group and 15 participants in the control group. The mean number of hours spent in the assigned activity across the 8 weeks did not differ between the groups (MLE = 54.3, SD = 29.4; MAC = 48.6, SD = 32.1), t < 1. Groups also did not differ in self-reported enjoyment (MLE = 4.24, SD = 0.76; MAC = 4.26, SD = 0.49), t < 1, interest (MLE = 4.27, SD = 0.63; MAC = 4.15, SD = 0.50), t < 1, or Flow (MLE = 4.20, SD = 0.56; MAC = 3.95, SD = 0.49), t < 1. Those in the active puzzle control reported a greater sense of challenge relative to the reading group (MLE = 2.72, SD = 1.15; MAC = 3.89, SD = 0.66), t(48) = 4.38, p < 0.001, d = 1.20, however variability among participants in perceived challenge was greater in the reading group, F = 9.01, p = 0.004.



Effects of Literacy Engagement on Cognition

The left panel of Figure 2 shows the standard unit change in each of the cognitive domains, based on an intent-to-treat (ITT) analysis, which includes all participants for whom post-test data were available, regardless of adherence or retention in the program itself. A 2 (Treatment) by 3 (Ability) ANOVA on standard unit change revealed a main effect of Treatment, F(1,57) = 4.30, p = 0.043, partial η2 = 0.070, showing more positive change in the Literacy Engagement group relative to the control. Even though the interaction was not significant, F < 1, we examined group differences in each ability given the difference among abilities, F(2,114) = 15.30, p < 0.001, partial η2 = 0.212, and our a priori predictions. The Literacy group showed differential gains in working memory, t(57) = 1.69, p = 0.048 (one-tailed), d = 0.43, and a trend for gains in episodic memory, t(57) = 1.62, p = 0.055 (one-tailed), d = 0.42. Verbal fluency showed a decrease from pre-test to post-test that did not differ across groups, t < 1.
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FIGURE 2. Effects of literacy engagement relative to the active control on cognition (†p < 0.06; *p < 0.05).


The ITT analysis represents a stringent test of hypothesis that takes into account participants’ ability and/or willingness to commit to activities for the duration of the program. We also analyzed the data to examine the effects of the treatment on the treated, that is, for the 28 individuals in the reading group and 24 individuals in the active control who nominally completed the program (regardless of levels of adherence). As in the whole sample, the groups did not differ in age, education level, or the cognitive abilities measured. These groups also did not differ in the total number of hours of program engagement (MLE = 60.5, SD = 25.9; MAC = 54.5, SD = 29.5), t < 1. As shown in the right panel of Figure 2, the Literacy Engagement group showed more positive change overall, F(1,50) = 5.69, p = 0.021, partial η2 = 0.10. The effects on working memory, t(57) = 1.74, p = 0.045 (one-tailed), d = 0.47, and in episodic memory, t(57) = 1.78, p = 0.040 (one-tailed), d = 0.50, were a bit stronger, eking over conventional levels of significance. Total hours of engagement was not predictive of change in any of the three abilities in either group, p > 0.2.



Effects of Literacy Engagement on Sentence Processing

Our expectation was that sustained reading engagement would enhance efficiency of lexical processes (i.e., decrease RA to decoding and more facilitated processing for frequent words) and augment allocation to conceptual integration processes. Figure 3 shows the standard unit change in the four RA coefficients of interest. A 2 (Treatment) × 2 (Lexical Process) repeated measures ANOVA showed no difference between the groups, F < 1, in either the ITT analysis or for the retained sample. Participants generally showed facilitated decoding from pre-test to post-test, t(56) = 3.38, p < 0.001, d = 0.45, for the ITT analysis, and t(49) = 2.71, p = 0.009, d = 0.50, for the retained sample, perhaps reflecting a materials effects or a practice effect with the reading task, but the groups did not differ. There was also no difference between the groups in change in lexical access, t(55) = 1.52 for ITT, and t(55) = 1.43, for the ITT analysis and retained sample, respectively; in neither group did the change differ from zero, t < 1.33.
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FIGURE 3. Effects of literacy engagement relative to the active control on resource allocation in sentence comprehension (*p < 0.05).


On the other hand, based on a 2 (Treatment) × 2 (Integration Process) repeated measures ANOVA, there was evidence for differential improvement in conceptual integration in the Literacy Engagement group relative to the Control, F(1,55) = 5.15, p = 0.027, η2 = 0.086, in the ITT analysis, and F(1,48) = 4.63, p = 0.036, η2 = 0.088, for the retained sample. The Literacy Engagement group showed increased sentence wrap-up at post-test relative to pre-test (i.e., change was greater than zero), t(30) = 2.05, p = 0.049, d = 0.37 for the ITT analysis, and t(27) = 2.73, p = 0.011, d = 0.51 for the retained sample, while the control group did not differ from baseline in either analysis, t < 1. The difference between the groups was significant regardless of whether the analysis was ITT, t(55) = 1.70, p = 0.048 (one-tailed), d = 0.45, or based on the retained sample, t(48) = 2.03, p = 0.024 (one-tailed), d = 0.58. Surprisingly, the control group showed a significant decrease in intrasentence wrap-up from pre-test to post-test, t(25) = 2.39, p = 0.025, d = 0.81, in the ITT analysis, and t(22) = 2.46, p = 0.022, d = 0.84, for the retained sample. The literacy engagement group showed no change, t < 1 for both the ITT analysis and retained sample. Nevertheless, the difference between the groups was not significant, in the ITT, t(55) = 1.65, or retained, t(48) = 1.35, sample. Collectively, there was some evidence that sustained reading engagement engendered small increases sentence-level integration.



Effects of Literacy Engagement on Openness to Experience

Figure 4 shows differences between the groups in change in Openness, based on the ITT analysis. Neither the BF measure nor the overall Goldberg measure showed differences between the groups t < 1 for both. The one isolated effect was on the Quickness facet of Goldberg scale, t(50) = 1.71, p = 0.047 (one-tailed), d = 0.30.
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FIGURE 4. Effects of literacy engagement relative to the active control on openness to experience (*p < 0.05).




Predictors of Adherence

We examined predictors of adherence among those who completed the program (see Table 3). Overall, those who showed higher levels of cognitive status and cognitive scores at baseline spent more time with their assigned activities. This was especially true of those in the active control group who engaged with verbal puzzles. Contrary to our expectation that those higher in openness to experience would be more drawn to reading, openness was not predictive of adherence (in either condition). Interestingly, extraversion was a negative predictor of time allocated to reading engagement, suggesting that more introverted individuals may have found it more comfortable to settle into a reading routine. Finally agreeableness was a negative predictor of time allocated to reading. The reasons for this are unclear, but reading does require sustained attention over time, which may be difficult to maintain among those who are more accommodative to the needs of others.


TABLE 3. Predictors of adherence (correlations between baseline variables and total hours of activity).
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Predictors of Experimental Effects

We also examined the extent to which baseline characteristics were predictive of change in cognition among those who completed the program. As shown in Table 4, neither age nor cognitive status (MoCA) was related to changes in cognitive scores. Figure 5 plots the rank order of individual differences in change distinguishing those who were above and below the typical cutoff score (MoCA > 25 vs. ≤ 25) indicating possible cognitive impairment. This figure further illustrates that gains in episodic memory and WM were achievable by individuals who may typically be screened out from participating in cognitive enrichment research.


TABLE 4. Predictors of change [correlations between baseline characteristics and change (Δ) in cognition].
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FIGURE 5. Individual differences in cognitive change for those with MoCA scores above 25 (green) and with MoCA scores at or below 25 (blue). The x-axis is the rank order of change.


As shown in Table 4, one isolated effect in the literacy group was that there was less decline in verbal fluency among those with lower print exposure at baseline, suggesting greater benefits among those with less developed literacy habits at baseline. We also note that there were sporadic correlations between baseline scores and cognitive change within the control group (presumably reflecting moderators of simple re-test effects, for which we have no explanation).




DISCUSSION

There is long-term interest in the extent to which language engages language-specific vs. domain-general processes (Just and Carpenter, 1992; Caplan and Waters, 1999; Fedorenko and Thompson-Schill, 2014), and under what conditions (Wingfield and Grossman, 2006). We found evidence that sustained engagement with fiction over an 8-week period impacted reading processes, as well as WM and episodic memory, domain-general areas of cognition that are among the most vulnerable with aging. This offers promise for cognitive enrichment, but also suggests that reading engages these domain-general capacities.


The Promise of Literacy and Language Engagement for Offsetting Cognitive Impairment

Within the Ecological Model of cognitive aging (Stine-Morrow et al., 2014, 2021; Stine-Morrow and Manavbasi, 2022), behavioral engagement—as the commitment to activities over time—affords opportunities for deeper forms of engagement. Activities vary in the specific cognitive processes engaged (“attentional engagement”), so that patterns of growth in skill and knowledge are assumed to be constrained by the constellation of processes implicitly exercised by the activity. In the short-term, attentional engagement in the course of ordinary activities (e.g., leisure reading) can have localized effects on cognition. Consistent with the view that activities can implicitly exercise cognitive processes specific to the activities engaged (Stine-Morrow et al., 2014), gains were isolated to memory processes, which are well-established as central to narrative comprehension (Daneman and Merikle, 1996; Noh and Stine-Morrow, 2009) and engage shared neural mechanisms with language processing (Chen et al., 2019; López-Barroso et al., 2020). Given theories of language processing suggesting that production processes are critical to comprehension (Federmeier, 2007), it might have been expected that verbal fluency would have also benefited. We found no evidence for this. The empirical evidence for production processes in comprehension primarily resides at the word level in studies of sentence understanding. It may be that production is less engaged at the discourse level. Our findings present an interesting contrast to those from a study by Cerino et al. (2020), who found a 6-week conversation intervention to improve several measures of executive control, including verbal fluency. While leisure reading may not specifically exercise production processes, there are other contexts for language use that certainly do.

While the immediate effects of engagement may be specific to the cognitive components exercised, incremental gains in efficiency and integration in cognitive modules allow for expanded access to new areas of the cognitive ecology (e.g., new authors, expanded literacy forms, novel content and perspectives in the context of social engagement). Furthermore, selective growth in cognitive skills may potentiate plasticity for related skills (”mutualism”; van der Maas et al., 2006, 2017). Through this ongoing process of cognitive growth and ecological affordances, there is potential for cognitive enhancement on a broader scale. Relative to other lifestyle activities, the cognitive processes underlying reading are somewhat well-understood, thus making it a potentially useful probe for studying plasticity through an ecological lens. As an activity with potential to build both crystallized abilities (Stanovich et al., 1995) and as suggested in our data, selected fluid abilities, leisure reading may offer considerable promise for cognitive enrichment.



The Plasticity of Reading Processes

The nature of language comprehension is that it allows for the creation of mental representations that establish associations among previously unrelated concepts (Ratcliff and McKoon, 1978). Outside a language context, an associative deficit is well-replicated among older adults (Naveh-Benjamin, 2000). Within language, older adults may take longer to encode associations, but once encoded, retrieval of these associations appears to be quite robust (Howard et al., 1986; Stine and Hindman, 1994). Unlike lexical access, which is automatic and obligatory (Fodor, 1983), there is considerable variability in the extent to which readers engage integration processes (Stine-Morrow and Payne, 2016; Stine-Morrow and McCall, 2022). Allocation to conceptual integration appears to be enhanced among those with high levels of verbal ability (Stine-Morrow et al., 2008; Chin et al., 2015); proficiency in skilled reading (Ng et al., 2020); print exposure (Payne et al., 2012a); and domain-related knowledge, which presumably increases integration demands (Miller et al., 2004; Chin et al., 2015). The current study adds to this mostly correlational literature in providing experimental support for the idea that reading is a skill that continues to develop as a function of reading engagement (Mol and Bus, 2011). Building on earlier research showing that conceptual integration can be enhanced through instruction within a relatively short timeframe (cf. Stine-Morrow et al., 2010a), the current study suggests that integrative processing may be improved through sustained leisure reading of fiction. The precise mechanisms through which leisure reading engenders more sentence-level integration is not clear, but assuming that integration supports the ongoing consolidation of the text representation (Stine-Morrow et al., 2001a,b, 2006, 2008; Ng et al., 2020), one possibility is that the narrative experience is more satisfying when effort is allocated to conceptual integration, thereby shaping the allocation policy over time.

By contrast, we found no evidence for effects on word-level processes. High-verbal readers (Stine-Morrow et al., 2008) and those with higher levels of reading proficiency (Landi, 2010; Ng et al., 2020; Payne et al., 2020) and print exposure (Payne et al., 2012a) do show facilitated lexical processing. However, this advantage likely arises from extensive exposure to lexical items in diverse contexts. For example, among proficient readers, word reading times are sensitive to orthographic and phonological neighborhoods (Payne et al., 2020), suggesting that skilled reading is supported by a complex lexical network of semantic and surface features. As such, 8 weeks of reading may be insufficient to measurably enhance lexical recognition processes.



Plasticity in Personality

There is some evidence that openness can be enhanced by intellectual engagement (Jackson et al., 2012). More generally, contrary to the conceptualization of personality as “set in plaster” (James, 1890/1950), there is growing recognition that traits can be shaped gently over time through experience (Roberts et al., 2003). Nevertheless, the effects of experience on openness do appear to be small and somewhat fragile (Roberts et al., 2017). We found an isolated effect of differential growth from baseline (a little more than a tenth of a standard deviation) in the Quickness facet of Openness, but certainly no robust effect at the trait level.



Who Benefits?

Those with lower levels of cognitive performance at baseline were less likely to stick with the program, and if they were retained, they were less likely to adhere. However, this was more pronounced in the puzzle group than in the literacy engagement group. One implication is that literacy may be enjoyable to individuals with a wider range of cognitive skills relative to puzzles. Contrary to our expectation, we found no evidence that those with higher levels of Openness were more likely to sustain reading engagement or that the effects of literacy engagement were moderated by Openness. Nevertheless, questions about how dispositional fit to behavioral engagement are worth pursuing (Stine-Morrow et al., 2014; Cerino et al., 2020; Stine-Morrow and Manavbasi, 2022). Finally, we note that those who experienced more Flow during the program activities were more likely to be retained, providing evidence for the assumption that sustaining engagement will depend on how the activity is experienced (Hess, 2014; Worm and Stine-Morrow, 2021).



Strengths and Limitations

An important strength of study is the design, which employed an active control that equated interaction with lab personnel, use of electronic media, and the availability of choice, in addition to practice effects on the criterion measures. We did not employ a passive control group. There is some controversy about what makes for an effective control group in behavioral interventions (Freedland et al., 2019). Consistent with principles articulated by Freedland et al., our control group was selected to isolate mechanistic effects—specifically of literacy engagement. Both groups showed some improvement in episodic memory, and without a passive control it is impossible to know whether improvement in the control group was attributable to practice effects or interactions with a (perhaps novel) technology. Given earlier work showing the effect of iPad use on episodic memory (Chan et al., 2016), it is quite plausible that new memory demands associated with navigating the iPad interface contributed to memory improvement. Importantly, the active control group enabled us to establish beneficial effects of literacy engagement above and beyond those associated with media use.

Another strength is that outcome measures included both assessments of language processing as well as of domain-general abilities thought to underpin language comprehension. Thus, we were able to establish some benefit from the activity directly engaged as well broader cognitive abilities engaged by those processes (i.e., “near” and “far” transfer).

Finally, the sample included older adults with relatively poor cognitive status (those who are typically screened out from cognitive aging research). While such individuals were more likely to prematurely withdraw from the study, those who were retained showed similar benefits, suggesting that leisure reading may support memory skills even among adults who are already starting to experience significant declines.

There are limitations. More extensive measurement of both cognition, especially executive control, and language processes (e.g., using eye-tracking and electrophysiological methods) are needed to provide a more complete and more nuanced understanding of how everyday reading shapes mind and brain. Also, due to time constraints, we did not include a measure of discourse processing. Perhaps most significantly, data collection was cut short by the COVID-19 pandemic. The consequent sample was smaller than we had planned and did not allow for a particularly robust test of the hypothesis for enrichment effects of literacy on cognition, and especially limited our ability to detect individual differences in effects. We did not correct for multiple comparisons across domains of function, and (because of the small sample) effects do not survive such a correction.




CONCLUSION

In spite of these limitations, our study offers provocative pilot data that provides encouragement for future research. Education early in the lifespan, built on literacy within a structured social context, is among the most powerful contributors to cognition throughout the lifespan. While available in some form, educational experiences are often more difficult to arrange in later adulthood (Riley and Riley, 2000). The cultivation of literacy habits can occur at any age, and literacy engagement may be more easily incorporated into daily routines than formal education. Many questions remain to be addressed, such as the relative advantages of engagement with different genres of text [e.g., fiction and non-fiction (Mar et al., 2006; Mar, 2011)]; the effects of reading on the development of knowledge and reciprocal effects between knowledge growth and comprehension processes (Troyer and Kutas, 2020; Troyer et al., 2020), and the ways in which literacy engagement and its effects may be shaped by social context. Parallel questions regarding the neurobiology of language comprehension also persist, motivating further examination of the neural mechanisms underlying social, cognitive, and affective processes engaged through literacy (Friedman and Miyake, 2000; Speer et al., 2009; Chow et al., 2014; Fedorenko and Thompson-Schill, 2014). An understanding of how sustained reading impacts cognition (and its neural underpinnings) will not only contribute to the science of enrichment effects with aging, but also to the science of language comprehension.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://osf.io/e4mxv/.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Office for the Protection of Human Subjects University of Illinois. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

ES-M, AB, and DL conceptualized the study and collaborated in study design and interpretation. SN organized the measurement protocol and recruitment. SN, GM, and IM tested participants, scored protocols, and assisted with data management. ES-M and GM analyzed data. ES-M wrote the manuscript. All authors reviewed and/or edited before submission.



FUNDING

We were grateful for support from the National Institute on Aging grants R21 AG054216 and R56 AG058708.



ACKNOWLEDGMENTS

We thank Brent Roberts for discussions about plasticity in personality; Sue Hwang, Aashika Anatharaman, and Takudzwa George for assistance with testing participants and coding data; and Pramod Joshi and Jim Caputo for programming the iPad app that enabled participants to log program activities.



REFERENCES

Aaronson, D., and Scarborough, H. S. (1977). Performance theories for sentence coding: some quantitative models. J. Verbal Learning Verbal Behav. 16, 277–303.

Acheson, D. J., Wells, J., and MacDonald, M. C. (2008). New and updated tests of print exposure and reading abilites in college students. Behav. Res. Methods 40, 278–289. doi: 10.3758/BRM.40.1.278

Albert, M. S., Jones, K., Savage, C. R., Berkman, L., Seeman, T., Blazer, D., et al. (1995). Predictors of cognitive change in older persons: macarthur studies of successful aging. Psychol. Aging 10, 578–589.

Au, J., Sheehan, E., Tsai, N., Duncan, G. J., Buschkuehl, M., and Jaeggi, S. M. (2015). Improving fluid intelligence with training on working memory: a meta-analysis. Psychon. Bull. Rev. 22, 366–377.

Baddeley, A. (2003). Working memory and language: an overview. J. Commun. Disord. 36, 189–208.

Baddeley, A. D. (2012). Working memory: theories, models, and controversies. Ann. Rev. Psychol. 63, 1–29.

Ball, K., Berch, D. B., Helmers, K. F., Jobe, J. B., Leveck, M. D., Marsiske, M., et al. (2002). Effects of cognitive training interventions with older adults. J. Am. Med. Assoc. 288, 2271–2281.

Baltes, P. B. (1997). On the incomplete architecture of human ontogeny: selection, optimization, and compensation as foundation of developmental theory. Am. Psychol. 52, 366–380. doi: 10.1037//0003-066x.52.4.366

Baltes, P. B., Staudinger, U. M., and Lindenberger, U. (1999). Lifespan psychology: theory and application to intellectual functioning. Ann. Rev. Psychol. 50, 471–507. doi: 10.1146/annurev.psych.50.1.471

Banducci, S. E., Daugherty, A. M., Biggan, J. R., Cooke, G. E., Voss, M., Noice, T., et al. (2017). Active experiencing training improves episodic memory recall in older adults. Front. Aging Neurosci. 9:133. doi: 10.3389/fnagi.2017.00133

Barbey, A. K., Colom, R., and Grafman, J. (2014). Neural mechanisms of discourse comprehension: a human lesion study. Brain 137, 277–287. doi: 10.1093/brain/awt312

Barnes, D. E., Tager, I. B., Satariano, W. A., and Yaffe, K. (2004). The relationship between literacy and cognition in well-educated elders. J. Geront. 59A, 390–395. doi: 10.1093/gerona/59.4.m390

Bartolucci, M., and Batini, F. (2019). The effect fo a narrative intervention program for people living with dementia. Psychol. Neurosci. 12, 307–316.

Bavishi, A., Slade, M. D., and Levy, B. R. (2016). A chapter a day: association of book reading and longevity. Soc. Sci. Med. 164, 44–48. doi: 10.1016/j.socscimed.2016.07.014

Bennett, D. A., Wilson, R. S., Schneider, J. A., Evans, D. A., De Leon, M., Arnold, S. E., et al. (2003). Education modifies the relation of AD pathology to level of cognitive function in older persons. Neurology 60, 1909–1915.

Berns, G. S., Blaine, K., Prietula, M. J., and Pye, B. E. (2013). Short- and long-term effects of a novel on connectivity in the brain. Brain Connect. 3, 590–600. doi: 10.1089/brain.2013.0166

Blieszner, R., Willis, S. L., and Baltes, P. B. (1981). Training research in aging on the fluid ability of inductive reasoning. J. Appl. Dev. Psychol. 2, 247–265.

Brickman, A. M., Paul, R. H., Cohen, R. A., Williams, L. M., MacGregor, K. L., Jefferson, A. L., et al. (2005). Category and letter verbal fluency across the adult lifespan: relationship to EEG theta power. Arch. Clin. Neuropsychol. 20, 561–573. doi: 10.1016/j.acn.2004.12.006

Caplan, D., and Waters, G. S. (1999). Verbal working memory and sentence comprehension. Behav. Brain Sci. 22, 77–94.

Carlson, M. C., Kuo, J. H., Chuang, Y. F., Varma, V. R., Harris, G., Albert, M. S., et al. (2015). Impact of the baltimore experience corps trial on cortical and hippocampal volumes. Alzheimers Dement. 11, 1340–1348.

Carlson, M. C., Saczynski, J. S., Rebok, G. W., Seeman, T., Glass, T. A., McGill, S., et al. (2008). Exploring the effects of an “everyday” activity program on executive function and memory in older adults: experience corps§. Gerontologist 48, 793–801.

Carretti, B., Borella, E., Cornoldi, C., and De Beni, R. (2009). Role of working memory in explaining the performance of individuals with specific reading comprehension difficulties: a meta-analysis. Learn. Individ. Differ. 19, 246–251.

Carretti, B., Borella, E., Zavagnin, M., and De Beni, R. (2013). Gains in language comprehension related to working memory training in healthy older adults. Int. J. Geriatr. Psychiatry 28, 539–546. doi: 10.1002/gps.3859

Cerino, E. S., Hooker, K., Goodrich, E., and Dodge, H. H. (2020). Personality moderates intervention effects on cognitive function: a 6-week conversation-based intervention. Gerontologist 60, 958–967. doi: 10.1093/geront/gnz063

Chan, M. Y., Haber, S., Drew, L. M., and Park, D. C. (2016). Training older adults to use tablet computers: does it enhance cognitive function. Gerontologist 56, 475–484.

Chein, J. M., and Morrison, A. B. (2010). Expanding the mind’s workspace: training and transfer effects with a complex working memory span task. Psychon. Bull. Rev. 17, 193–199.

Chen, L., Wassermann, D., Abrams, D. A., Kochalka, J., Gallardo-Diez, G., and Menon, V. (2019). The visual work form area (VMFA) is part of both language and attention circuitry. Nat. Commun. 10:5601. doi: 10.1038/s41467-019-13634-z

Chin, J., Payne, B. R., Gao, X., Stine-Morrow, E. A. L., Morrow, D. G., Conner-Garcia, T., et al. (2015). Memory and comprehension for health information among older adults: distinguishing the effects of domain-general and domain-specific knowledge. Memory 23, 577–589. doi: 10.1080/09658211.2014.912331

Chow, H. M., Mar, R. A., Xu, Y., Liu, S., Wagage, S., and Braun, A. R. (2014). Embodied comprehension of stories: interactions between language regions and modality-specific neural systems. J. Cogn. Neurosci. 26, 279–295. doi: 10.1162/jocn_a_00487

Conway, A. R. A., Kane, M. J., Bunting, M. F., Hambrick, D. Z., Wilhelm, O., and Engle, R. W. (2005). Working memory span tasks: a methodological review and user’s guide. Psychonom. Bull. Rev. 12, 769–786. doi: 10.3758/BF03196772

Daneman, M., and Carpenter, P. A. (1983). Individual differences in integrating information between and within sentences. J. Exp. Psychol. 9, 561–584.

Daneman, M., and Merikle, P. M. (1996). Working memory and language comprehension: a meta-analysis. Psychon. Bull. Rev. 3, 422–433.

Deary, I. J. (2008). Why do intelligent people live longer? Nature 13, 175–176.

Deary, I. J., and Johnson, W. (2010). Intelligence and education: causal perceptions drive analytic processes and therefore conclusions. Int. J. Epidemiol. 39, 1362–1369. doi: 10.1093/ije/dyq072

Deary, I. J., and Johnson, W. (2011). Authors’ response: is education causal? yes. Int. J. Epidemiol. 40:518.

Deary, I. J., Weiss, A., and Batty, G. D. (2010). Intelligence and personality as predictors of illness and death: how researchers in differential psychology and chronic disease epidemiology are collaborating to understand and address health inequalities. Psychol. Sci. Public Interest 11, 53–79. doi: 10.1177/1529100610387081

Ekstrom, R. B., French, J. W., and Harmon, H. H. (1976). Manual for the Kit of Factor-Referenced Cognitive Tests. Princeton, NJ: Educational Testing Service.

Engle, R. W., Tuholksi, S. W., Laughlin, J. E., and Conway, A. R. A. (1999). Working memory, short-term memory, and general fluid intelligence: a latent-variable approach. J. Exp. Psychol. 128, 309–331.

Faul, F., Erdfelder, E., Lang, A.-G., and Buchner, A. (2007). G*Power3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav. Res. Methods 39, 175–191. doi: 10.3758/bf03193146

Federmeier, K. D. (2007). Thinking ahead: the role and roots of prediction in language comprehension. Psychophysiology 44, 492–505. doi: 10.1111/j.1469-8986.2007.00531.x

Fedorenko, E., and Thompson-Schill, S. L. (2014). Reworking the language network. Trends Cogn. Sci. 18, 120–126.

Ferstl, E. C., Rinck, M., and van Crammon, D. Y. (2005). Emotional and temporal aspects of situation model processing during text comprehension: an event-related fMRI study. J. Cogn. Neurosci. 17, 724–739.

Finkel, D., Reynolds, C. A., McArdle, J. J., and Pederson, N. L. (2007). Age changes in processing speed as a leading indicator of cognitive aging. Psychol. Aging 22, 558–568.

Fodor, J. A. (1983). The Modularity of Mind. Cambridge, MA: MIT Press.

Freedland, K. E., King, A. C., Ambrosius, W. T., Mayo-Wilson, E., Mohr, D. C., Czajkowski, S. M., et al. (2019). The selection of comparators for randomized controlled trials of health-related behavioral interventions: recommendations of an NIH expert panel. J. Clin. Epidemiol. 110, 74–81. doi: 10.1016/j.jclinepi.2019.02.011

Friedman, N. P., and Miyake, A. (2000). Differential roles for visuospatial and verbal working memory in situation model construction. J. Exp. Psychol. 129, 61–83. doi: 10.1037//0096-3445.129.1.61

Gerrig, R. J., and Jacovina, M. E. (2009). “Reader participation in the experience of narrative,” in Psychology of Learning and Motivation, Vol. 51, ed. B. H. Ross (Amsterdam: Elsevier). 223–254.

Goldberg, L. R. (1999). “A broad-bandwidth, public domain, personality inventory measuring the lower-level facets of several five-factor models,” in Personality Psychology in Europe, Vol. 7, eds I. Mervielde I, D. F. D. Fruyt, and F. Ostendorf (Tilburg: Tilburg University Press). 7–28.

Gothe, N. P., Fanning, J., Awick, E., Chung, D., Wójcicki, T. R., Olson, E. A., et al. (2014). Executive function processes predict mobility outcomes in older adults. J. Am. Geriatr. Soc. 62, 285–290.

Gottfredson, L. S. (1997). Why g matters: the complexity of everyday life. Intelligence 24, 79–132.

Gottlieb, G. (1991). Experiential canalization of behavioral development: theory. Dev. Psychol. 27, 4–13.

Gross, A. L., Rebok, G. W., Unverzagt, F. W., Willis, S. L., and Brandt, J. (2011). Cognitive predictors of everyday functioning in older adults: results from the the ACTIVE cognitive intervention trial. J. Gerontol. 66B, 557–566.

Guye, S., and Von Bastian, C. C. (2017). Working memory training in older adults: bayesian evidence supporting the absence of transfer. Psychol. Aging 32, 732–746.

Haberlandt, K., and Graesser, A. C. (1989). Processing new arguments at clause boundaries. Memory Cogn. 17, 186–193. doi: 10.3758/bf03197068

Haberlandt, K., Graesser, A. C., Schneider, N. J., and Kiely, J. (1986). Effects of task and new arguments on word reading times. J. Mem. Lang. 25, 314–322.

Hayflick, L. (1998). How and why we age. Exp. Gerontol. 33, 639–653.

Hertzog, C., Kramer, A. F., Wilson, R. S., and Lindenberger, U. (2008). Enrichment effects on adult cognitive development: can the functional capacity of older adults be preserved and enhanced? Psychol. Sci. Public Interest 9, 1–65. doi: 10.1111/j.1539-6053.2009.01034.x

Hess, T. M. (2014). Selective engagement of cognitive resources: motivational influences on older adults’ cognitive functioning. Perspect. Psychol. Sci. 9, 388–407.

Hester, R. L., Kinsellla, G. J., Ong, B., and Turner, M. (2004). Hopkins verbal learning test: normative data for older Australian adults. Aust. Psychol. 39, 251–255. doi: 10.1080/00050060412331295063

Hogan, M. J., Staff, R. T., Bunting, B. P., Deary, I. J., and Whalley, L. J. (2012). Openness to experience and activity engagement facilitate the maintenance of verbal ablity in older adults. Psychol. Aging 27, 849–854. doi: 10.1037/a0029066

Howard, D. V., Heisey, J. G., and Shaw, R. J. (1986). Aging and the priming of newly learned associations. Dev. Psychol. 22, 78–85. doi: 10.1038/s41598-021-96268-w

Ihle, A., Fagot, D., Vallet, F., Ballhausen, N., Mella, N., Baeriswyl, M., et al. (2019). Cross-lagged relation of leisure activity participation to trail making Test performance 6 years later: differential patterns in old age and very old age. Neuropsychology 33, 234–244. doi: 10.1037/neu0000497

Jackson, J. J., Hill, P. L., Payne, B. R., Roberts, B. W., and Stine-Morrow, E. A. L. (2012). Can an old dog learn (and want to experience) new tricks? cognitive training increases openness to experience in older adults. Psychol. Aging 27, 286–292. doi: 10.1037/a0025918

James, W. (1890/1950). The Principles of Psychology. New York, NY: Henry Holt and Company.

Just, M. A., and Carpenter, P. (1992). A capacity theory of comprehension: individual differences in working memory. Psychol. Rev. 99, 122–149.

Kavé, G., Amit, S., Spaiter, T., and Ben-Ezra, M. (2012). Formal education level versus self-rated literacy as predictors of cognitive aging. J. Gerontol. 67, 697–704. doi: 10.1093/geronb/gbs031

Kidd, D. C., and Castano, E. (2013). Reading literary fiction improves theory of mind. Science 342, 377–380.

Kuncel, N. R., Hezlett, S. A., and Ones, D. S. (2004). Academic performance, career potential, creativity, and job performance: can one construct predict them all? J. Pers. Soc. Psychol. 86, 148–161. doi: 10.1037/0022-3514.86.1.148

Kyllonen, P. C., and Cristal, R. E. (1990). Reasoning ability is (little more than) working-memory capacity?! Intelligence 14, 389–433.

Lachman, M. E., and Weaver, S. L. (1997). The Midlife Development Inventory (MIDI) Personality Scales: Scale Construction and Scoring. Brandeis University Waltham, MA [Tech. Rep.].

Landi, N. (2010). An examination of the relationship between reading comprehension, higher-level and lower-level reading sub-skills in adults. Read. Writ. 23, 701–717. doi: 10.1007/s11145-009-9180-z

Le Carret, N., Lafont, S., Letenneur, L., Dartingues, J., Mayo, W., and Fabrigoule, C. (2003). The effect of education on cognitive performances and its implication for the constitution of cognitive reserve. Dev. Neuropsychol. 23, 317–337. doi: 10.1207/S15326942DN2303_1

Liu, Y., and Lachman, M. E. (2020). Education and cognition in middle age and later life: the mediating role of physical and cognitive activity. J. Gerontol. 75, e93–e104.

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al. (2020). Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 396, 413–446.

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., Ames, D., et al. (2017). Dementia prevention, intervention, and care. Lancet 390, 2673–2734.

López-Barroso, D., de Schotten, M. T., Morais, J., Kolinsky, R., Braga, L. W., Guerreiro-Tauil, A., et al. (2020). Impact of literacy on the functional connectivity of vision and language related networks. NeuroImage 213:116722. doi: 10.1016/j.neuroimage.2020.116722

Lövdén, M., Bäckman, L., Lindenberger, U., Schaeffer, S., and Schmiedek, F. (2010). A theoretical framework for the study of adult cognitive plasticity. Psychol. Bull. 136, 659–676. doi: 10.1037/a0020080

Lövdén, M., Fratiglioni, L., Glymour, M. M., Lindenberger, U., and Tucker-Drob, E. M. (2020). Education and cognitive functioning across the life span. Psychol. Sci. Public Interest 21, 6–41.

Manly, J. J., Byrd, D., Touradji, P., Sanchez, D., and Stern, Y. (2004). Literacy and cognitive change among ethnically diverse elders. Int. J. Psychol. 39, 47–60. doi: 10.1076/jcen.25.5.680.14579

Manly, J. J., Jacobs, D. M., Sano, M., Bell, K., Merchant, C., Small, S. A., et al. (1999). Effect of literacy on neuropsychological test performance in nondemented, education-matched elders. J. Int. Neuropsychol.Soc. 5, 191–202. doi: 10.1017/s135561779953302x

Mar, R. A. (2011). The neural bases of social cognition and story comprehension. Ann. Rev. Psychol. 62, 103–134. doi: 10.1146/annurev-psych-120709-145406

Mar, R. A., Oatley, K., Hirsh, J., de la Paz, J., and Peterson, J. B. (2006). Bookworms versus nerds: exposure to fiction versus non-fiction, divergent associations with social ability, and the simulations of fictional social worlds. J. Res. Pers. 40, 694–712.

Mar, R. A., and Rain, M. (2015). Narrative fiction and expository nonfiction differentially predict verbal ability. Sci. Stud. Read. 19, 419–433. doi: 10.1080/10888438.2015.1069296

Medford, E., and McGeown, S. P. (2012). The influence of personality characteristics on children’s intrinsic reading motivation. Learn. Individ. Diff. 22, 786–791. doi: 10.1186/s12868-016-0283-6

Melby-Lervaøag, M., and Hulme, C. (2013). Is working memory training effective? a meta-analytic review. Dev. Psychol. 49, 270–291.

Melby-Lervaøag, M., Redick, T. S., and Hulme, C. (2016). Working memory training does not improve performance on measures of intelligence or other measures of “far transfer”: evidence from a meta-analytic review. Perspect. Psychol. Sci. 11, 512–534.

Miller, L. M. S., and Stine-Morrow, E. A. L. (1998). Aging and the effects of knowledge on on-line reading strategies. J. Gerontol. 53B, 223–233.

Miller, L. M. S., Stine-Morrow, E. A. L., Kirkorian, H., and Conroy, M. (2004). Age differences in knowledge-driven reading. J. Educ. Psychol. 96, 811–821.

Mol, S. E., and Bus, A. G. (2011). To read or not to read: a meta-analysis of print exposure from infancy to early childhood. Psychol. Bull. 137, 267–296.

Mosca, I., and Wright, R. E. (2018). Effect of retirement on cognition: evidence from the Irish marriage bar. Demography 55, 1317–1341. doi: 10.1007/s13524-018-0682-7

Nasreddine, Z., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I., et al. (2005). The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695–699. doi: 10.1111/j.1532-5415.2005.53221.x

Naveh-Benjamin, M. (2000). Adult age differences in memory performance: tests of an associative deficit hypothesis. J. Exp. Psychol. 26, 1170–1187.

Nell, V. (1988). Lost in a book: The psychology of reading for pleasure. New Haven, CT: Yale University Press.

Ng, S., Payne, B. R., Liu, X., Anderson, C. J., Federmeier, K. D., and Stine-Morrow, E. A. L. (2020). Execution of lexical and conceptual processes in sentence comprehension among adult readers as a function of literacy skill. Sci. Stud. Read. 24, 338–355.

Noble, K. G., Grieve, S. M., Korgaonkar, M. S., Engelhardt, L. E., Griffith, E. Y., Williams, L. M., et al. (2012). Hippocampal volume varies with educational attainment across the life-span. Front. Hum. Neurosci. 6:307. doi: 10.3389/fnhum.2012.00307

Noh, S. R., and Stine-Morrow, E. A. L. (2009). Age differences in tracking characters during narrative comprehension. Memory Cogn. 37, 769–778. doi: 10.3758/MC.37.6.769

Parisi, J. M., Rebok, G. W., Qian-Li, X., Fried, L. P., Seeman, T., Tanner, E. K., et al. (2012). The role of education and intellectual activity on cognition. J. Aging Res. 2012:416132.

Parisi, J. M., Stine-Morrow, E. A. L., Noh, S. R., and Morrow, D. G. (2009). Predispositional engagement, activity engagement, and cognition among older adults. Aging Neuropsychol. Cogn. 16, 485–504. doi: 10.1080/13825580902866653

Park, D. C., Lodi-Smith, J., Drew, L., Haber, S., Hebrank, A., Bischof, G. N., et al. (2014). The impact of sustained engagement on cognitive function in older adults: the synapse project. Psychol. Sci. 25, 103–112.

Payne, B. R., Federmeier, K. D., and Stine-Morrow, E. A. L. (2020). Literacy skill and intra-individual variability in eye-fixation durations during reading: evidence from a diverse community-based adult sample. Quart. J. Exp. Psychol. 73, 1841–1861. doi: 10.1177/1747021820935457

Payne, B. R., Gao, X., Noh, S. R., Anderson, C. J., and Stine-Morrow, E. A. L. (2012a). The effects of print exposure on sentence processing and memory in older adults: evidence for efficiency and reserve. Aging Neuropsychol. Cogn. 19, 122–149. doi: 10.1080/13825585.2011.628376

Payne, B. R., Grison, S., Gao, X., Christianson, K., Morrow, D., and Stine-Morrow, E. A. L. (2014a). Aging and individual differences in binding during sentence understanding: evidence from temporary and global syntactic attachment ambiguities. Cognition 130, 157–173. doi: 10.1016/j.cognition.2013.10.005

Payne, B. R., Gross, A. L., Parisi, J. M., Sisco, S. M., Stine-Morrow, E. A. L., Marsiske, M., et al. (2014b). Modeling longitudinal changes in older adults’ memory for spoken discourse: findings from the ACTIVE cohort. Memory 22, 990–1001. doi: 10.1080/09658211.2013.861916

Payne, B. R., Jackson, J. J., Hill, P. L., Gao, X., Roberts, B. W., and Stine-Morrow, E. A. L. (2012b). Memory self-efficacy predicts responsiveness to inductive reasoning training in older adults. J. Gerontol. 67B, 27–35. doi: 10.1093/geronb/gbr073

Payne, B. R., Jackson, J. J., Noh, S. R., and Stine-Morrow, E. A. L. (2011). In the zone: flow state and cognition in older adults. Psychol. Aging 26, 738–743.

Payne, B. R., and Stine-Morrow, E. A. L. (2016). Risk for mild cognitive impairment is associated with semantic integration deficits in sentence comprehension. J. Gerontol. 71, 243–253. doi: 10.1093/geronb/gbu103

Payne, B. R., and Stine-Morrow, E. A. L. (2017). The effects of home-based cognitive training on verbal working memory and language comprehension in older adulthood. Front. Aging Neurosci. 9:256. doi: 10.3389/fnagi.2017.00256

Radvansky, G. A., and Dijkstra, K. (2007). Aging and situation model processing. Psychon. Bull. Rev. 14, 1027–1042.

Ratcliff, R., and McKoon, G. (1978). Priming in item recognition: evidence for the propositional structure of sentences. J. Verbal Learn. Verbal Behav. 17, 403–417. doi: 10.1162/089892902317236867

Rebok, G. W., Ball, K., Guey, L. T., Jones, R. N., Kim, H.-Y., King, J. W., et al. (2014). Ten-year effects of the advanced cognitive training for independent and vital elderly cognitive training trial on cognition and everyday functioning in older adults. J. Am. Geriatr. Soc. 62, 16–24. doi: 10.1111/jgs.12607

Richmond, L. L., Morrison, A. B., Chein, J. M., and Olson, I. R. (2011). Working memory training and transfer in older adults. Psychol. Aging 26, 813–822.

Riley, M. W., and Riley, J. W. Jr. (2000). Age integration: conceptual and historical background. Gerontologist 40, 266–270.

Ritchie, S. J., Bates, T. C., Der, G., Starr, J. M., and Deary, I. J. (2013). Education is associated with higher later life IQ scores, but not with faster cognitive processing speed. Psychol. Aging 28, 515–521.

Roberts, B. W., Caspi, A., and Moffitt, T. E. (2003). Work experiences and personality development in young adulthood. J. Pers. Soc. Psychol. 84, 582–593.

Roberts, B. W., Luo, J., Briley, D. A., Chow, P. I., Su, R., and Hill, P. L. (2017). A systematic review of personality trait change through intervention. Psychol. Bull. 143, 117–141.

Rohwedder, S., and Willis, R. J. (2010). Mental retirement. J. Econ. Perspect. 24, 119–138.

Scarmeas, N., and Stern, Y. (2003). Cognitive reserve and lifestyle. J. Clin. Exp. Neuropsychol. 25, 625–633.

Schaie, K. W., and Willis, S. L. (1986). Can decline in adult intellectual functioning be reversed? Dev. Psychol. 22, 223–232.

Schrank, F. A., Mather, N., and McGrew, K. S. (2014). Woodcock-Johnson IV Tests of Cognitive Abilities. Rolling Meadows, IL: Riverside.

Shipstead, Z., Redick, T. S., and Engle, R. W. (2012). Is working memory training effective? Psychol. Bull. 138, 628–654.

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F., Hambrick, D. Z., et al. (2016). Do “brain training” programs work? Psychol. Sci. Public Interest 17, 103–186.

Speer, N. K., Reynolds, J. R., Swallow, K. M., and Zacks, J. M. (2009). Reading stories activate neural representations of visual and motor experiences. Psychol. Sci. 20, 989–999. doi: 10.1111/j.1467-9280.2009.02397.x

Stanovich, K. E., and Cunningham, A. E. (1992). Studying the consequences of literacy within a literate society: the cognitive correlates of print exposure. Memory Cogn. 20, 51–68. doi: 10.3758/bf03208254

Stanovich, K. E., West, R. L., and Harrison, M. R. (1995). Knowledge growth and maintenance across the life span: the role of print exposure. Dev. Psychol. 31, 811–826.

Stern, Y. (2009). Cognitive reserve. Neuropsycholgia 47, 2015–2028.

Stieger, M., Wepfer, S., Rüegger, D., Kowatsch, T., Roberts, B. W., and Allemand, M. (2020). Becoming more conscientious or more open to experience? effects of a two-week smartphone-based intervention for personality change. Eur. J. Pers. 34, 345–366.

Stine, E. A. L., and Hindman, J. (1994). Age differences in reading time allocation for propositionally dense sentences. Aging Cogn. 1, 2–16.

Stine-Morrow, E. A. L., Loveless, M. K., and Soederberg, L. M. (1996). Resource allocation in on-line reading by younger and older adults. Psychol. Aging 11, 475–486.

Stine-Morrow, E. A. L., and Manavbasi, I. (2022). Beyond “use it or lose it”: the impact of engagement on cognitive aging. Ann. Rev. Dev. Psychol. 4.

Stine-Morrow, E. A. L., and McCall, G. S. (2022). Reading comprehension is both incremental and segmental – and the balance may shift with aging. Psychol. Learn. Motiv. 77.

Stine-Morrow, E. A. L., Milinder, L., Pullara, P., and Herman, B. (2001a). Patterns of resource allocation are reliable among younger and older readers. Psychol. Aging 16, 69–84. doi: 10.1037/0882-7974.16.1.69

Stine-Morrow, E. A. L., Miller, L. M. S., Gagne, D. D., and Hertzog, C. (2008). Self-regulated reading in adulthood. Psychol. Aging 23, 131–153.

Stine-Morrow, E. A. L., Miller, L. M. S., and Hertzog, C. (2006). Aging and self-regulated language processing. Psychol. Bull. 132, 582–606.

Stine-Morrow, E. A. L., Miller, L. M. S., and Leno, R. (2001b). Patterns of on-line resource allocation to narrative text by younger and older readers. Aging Neuropsychol. Cogn. 8, 36–53.

Stine-Morrow, E. A. L., Noh, S. R., and Shake, M. C. (2010a). Age differences in the effects of conceptual integration training on resource allocation in sentence processing. Quart. J. Exp. Psychol. 63, 1430–1455. doi: 10.1080/17470210903330983

Stine-Morrow, E. A. L., and Payne, B. R. (2016). Age differences in language segmentation. Exp.l Aging Res. 42, 107–125.

Stine-Morrow, E. A. L., Payne, B. R., Gao, X., Roberts, B., Kramer, A. F., Morrow, D. G., et al. (2014). Training versus engagement as paths to cognitive optimization with aging. Psychol. Aging 29, 891–906. doi: 10.1037/a0038244

Stine-Morrow, E. A. L., and Radvansky, G. A. (2017). “Discourse processing and development through the adult lifespan,” in The Routledge Handbook of Discourse Processes, Second Edn, eds M. F. Schober, D. N. Rapp, and A. Britt (London: Routledge). 247–268.

Stine-Morrow, E. A. L., Shake, M. C., Miles, J. R., Lee, K., and McConkie, G. W. (2010b). Pay now or pay later: aging and the role of boundary salience in self-regulation of conceptual integration in sentence processing. Psychol. Aging 25, 168–176.

Stine-Morrow, E. A. L., Worm, T. W., Barbey, A. K., and Morrow, D. G. (2021). “The potential for socially integrated and engaged lifestyles to support cognitive health with aging: precursor and pathways,” in Multiple Pathways of Cognitive Aging: Motivational and Contextual Influences, eds G. Sedek, T. M. Hess, and D. R. Touron (Oxford: Oxford University Press). 276–305.

Süß, H. M., Oberauer, K., Wittmann, W. W., Wilhelm, O., and Schulze, R. (2002). Working-memory capacity explains reasoning ability—and a little bit more. Intelligence 30, 261–288.

Thorndike, E. L. (1917). Reading as reasoning: a study of mistakes in paragraph reading. J. Educ. Psychol. 8, 323–332.

Tombaugh, T. N., Kozak, J., and Rees, L. (1999). Normative data stratefied by age and education for two measures of verbal fluency: FAS and animal naming. Arch. Clin. Neuropsychol. 14, 167–177. doi: 10.1093/arclin/14.2.167

Troyer, M., and Kutas, M. (2020). To catch a snitch: brain potentials reveal variability in the functional organization of (fictional) world knowledge during reading. J. Memory Lang. 113:104111. doi: 10.1016/j.jml.2020.104111

Troyer, M., Urbach, T. P., and Kutas, M. (2020). Lumos!: electrophysiological tracking of (wizarding) world knowledge use during reading. J. Exp. Psychol. 46, 476–486. doi: 10.1037/xlm0000737

Uttl, B. (2002). North American Adult Reading Test: age norms, reliability, and validity. J. Clin. Exp. Neuropsychol. 24, 1123–1137. doi: 10.1076/jcen.24.8.1123.8375

van der Maas, H. L. J., Dolan, C. V., Grasman, R. P. P. P., Wicherts, J. M., Huizenga, H. M., and Raijmakers, M. E. J. (2006). A dyanamical model of general intelligence: the positive manifold of intelligence by mutualism. Psychol. Rev. 113, 842–861.

van der Maas, H. L. J., Kan, K. J., Marsman, M., and Stevenson, C. E. (2017). Network models for cognitive development and intelligence. J. Intell. 5:16.

Waddington, C. H. (1942). Canalization of development and the inhertitance of acquired characters. Nature 150, 563–565.

Willis, S. L., and Nesselroade, C. S. (1990). Long-term effects of fluid ability training in old-old age. Dev. Psychol. 26, 905–910.

Willis, S. L., Tennstedt, S. L., Marsiske, M., Ball, K., Elias, J., Koepke, K. M., et al. (2006). Long-term effects of cognitive training on everyday functional outcomes in older adults. JAMA 296, 2805–2814.

Wilson, R. S., Bennett, D. A., Bienias, J. L., Aggarwal, N. T., Mendes de Leon, C. F., Morris, M. C., et al. (2002). Cognitive activity and incident AD in a population-based sample of older persons. Neurology 59, 1910–1914. doi: 10.1212/01.wnl.0000036905.59156.a1

Wilson, R. S., Bennett, D. A., Gilley, D. W., Beckett, L. A., Barnes, L. L., and Evans, D. A. (2000). Premorbid reading activity and patterns of cognitive decline in Alzheimer Disease. Arch. Neurol. 57, 1718–1723.

Wingfield, A., and Grossman, M. (2006). Language and the aging brain: patterns of neural compensation revealed by functional brain imaging. J. Neurophysiol. 96, 2830–2839.

Worm, T., and Stine-Morrow, E. A. (2021). May the Flow be with you: age differences in the influence of social motives and context on the experience of activity engagement. J. Adult Dev. 28, 265–275.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Stine-Morrow, McCall, Manavbasi, Ng, Llano and Barbey. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Effects of Sustained Literacy Engagement on Cognition and Sentence Processing Among Older Adults



		INTRODUCTION



		MATERIALS AND METHODS



		Participants



		Measures



		Cognition



		Personality



		Sentence Processing and Memory







		Procedure







		RESULTS



		Drops, Adherence, and Experience With the Activity



		Effects of Literacy Engagement on Cognition



		Effects of Literacy Engagement on Sentence Processing



		Effects of Literacy Engagement on Openness to Experience



		Predictors of Adherence



		Predictors of Experimental Effects







		DISCUSSION



		The Promise of Literacy and Language Engagement for Offsetting Cognitive Impairment



		The Plasticity of Reading Processes



		Plasticity in Personality



		Who Benefits?



		Strengths and Limitations







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/fpsyg-13-923795-g004.jpg
Anesid

SSaUX2IND

aouajadwo)

Ainuabul

199]Isju

ssauuadQ
Biaqgp|oo

Reading
Puzzles

ssauuadQ
aAl4 big

| l

N = o = o
© o S <
abueyn yun piepuels

-0.3





OPS/images/fpsyg-13-923795-g005.jpg
Episodic Memory Working Memory Verbal Fluency

2 [ [ I I
15 1 1 _
L]
o 4 { | . f
c
g ... .(‘}
<05 | «* ul on il !
j= , .
Puzzles S “e
T 0 i
g -. .'.7- .-...
(- .oo. ......I- ee®O
%'05 | & 1 ® + eeee®®? -
..
_1 | N J i m _
(<]
‘ ; { % { { ‘ ; { ; ; ‘ % { ‘ } { {
- °
15 - . 1 f
.l
O 1 e
[\ [ J
K= |
O 05
D on € @ € o
H = o.. ~ ® l-.
Reading S o
. 0 oo’ — LA
© [ LI
§e; e oo e
cC C omm® .
© - ) e00®
= 05 1 k2 il LX) |
(D U .. O
[
o n’ = MoCA < 25 Retained
1L 1 1 e ' MoCA < 25 Dropped | |
® N e MoCA > 25 Retained
® ©  MoCA > 25 Dropped
_1.5 | | | | | | | | | | | | | | | | | |





OPS/images/fpsyg-13-923795-g002.jpg
Standard Unit Change

06 Intent to Ireat Retained Participants Only

( 1

Bl Reading Bl Reading
T B Puzzles

B Puzzles

Episodic Working Verbal Episodic Working Verbal
Memory Memory Fluency Memory Memory Fluency





OPS/images/fpsyg-13-923795-g003.jpg
Stanaard Unit Change

0.4

0.2

Intent to Treat

B Puzzles

B Reading |

[ |

B Reading |
B Puzzles

Retained Participants Only
{ [

Decoding Lexical IntraSnt Sentence Decoding Lexical

Access Wrap-up Wrap-up

IntraSnt Sentencej
Access Wrap-up Wrap-up





OPS/images/fpsyg-13-923795-g001.jpg
Enrollment

Allocation

Post-testing

/

‘ Assessed for eligibility (n =245) \

» 1.

| Randomized (n =76) ‘

COVID
quarantine:

No posttest
n=2

2,
3.

Excluded (n=169)
Not meeting inclusion criteria (n=77)

Refused to participate (n=53)
Other reasons (n=39)

-

No posttest
n=10

Reading group Puzzle group
n=38 n=38
v v v \
Retained Dropped Retained Dropped
n=30 n=% n=25 n=13
No posttest COVID
n=4 quarantine:
No posttest
n=1
Posttest Posttest Posttest Posttest
n=28 n=4 n=24 n=3

n=32

——

n=27






OPS/images/fpsyg-13-923795-t001.jpg
Literacy Active
engagement control
(n=32) (n=27)
M SD M SD t df p
Age 68.4 51 68.6 6.8 <1 &7
MoCA 26.2 3.3 25.4 2.8 <1 &7
Education level 18.5 23 151 2.6 <1 57
Hrs reading/week 4.8 3.0 6.3 2.4 20 57 0.05
Hrs puzzles/week 3.0 3.1 3.6 4.3 <1 57
WJ reading fluency 23.5 8.8 21.4 8.8 11 &7
Cognition
Verbal ability 0.10 0.90 0.01 0.81 <1 &7
Print exposure 0.10 0.98 0.08 0.73 «1 &7
Working memory 0.09 0.87 0.04 0.85 =1 &7
Episodic memory 0.07 0.96 0.13 0.75 <1 57
Verbal fluency 0.19 0.81 —0.01 0.77 <1 57
Personality
BF openness 3.74 0.81 3.76 0.67 <1 56
BF conscientiousness ~ 4.02 0.78 3.90 0.67 <1 56
BF extraversion 3.23 0.77 3.19 0.68 <1 56
BF agreeableness 4.32 0.39 4.33 0.33 <1 56
BF neuroticism 2.23 0.82 2.34 0.68 <1 56
Goldberg openness 3.62 0.69 3.60 0.57 <1 56






OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

The Effects of Sustained

Literacy Engagement on

Cognition and Sentence
Processing Among Older Adults





OPS/images/fpsyg-13-923795-t002.jpg
Literacy engagement

Active control

(n=31) (n=27)
M SD M SD t df p

Decoding 105 109 148 106 1.7 55
Lexical access 36 58 53 38 <l &b
Intrasentence 96 184 252 287 £l 55
wrap-up

Sentence-final 277 511 985 1515 23 55 0.03
wrap-up

Recall (%) 52 18 46 17 1.5 54





OPS/images/fpsyg-13-923795-t003.jpg
Overall Literacy engagement Active control

(n = 49) (n=27) (n=22)
Age 0.22 0.39 0.10
Ed level 0.15 0.26 0.00
MoCA 0.50 0.45 0.59
Verbal ability 0.22 0.28 0.14
Print exposure 0.20 0.21 0.17
Working memory 0.40 0.19 0.64
Episodic memory 0.36 0.23 0.57
Verbal fluency 0.32 0.31 0.32
BF openness —-0.16 -0.14 -0.18
BF conscientiousness —-0.18 —0.35 0.05
BF extraversion —0.26 —-0.38 —-0.11
BF agreeableness —0.31 —-042 -0.17
BF neuroticism —0.04 0.15 —0.30
Goldberg openness —-0.15 —-0.17 -0.21

Bolded values p < 0.05.






OPS/images/fpsyg-13-923795-t004.jpg
AWorking memory

AEpisodic memory

AVerbal fluency

Literacy engagement

Active control

Literacy engagement

Active control

Literacy engagement

Active control

(n=32) (n=27) (n=32) (n=27) (n=32) (n=27)
Age -0.14 0.19 0.16 0.08 —0.16 -0.32
Education level 0.08 0.18 —0.01 -0.48 0.04 —0.09
MOCA 0.12 0.02 —0.06 —0.08 —0.15 —0.26
Print exposure 0.05 -0.10 —0.09 —0.08 —0.39 —0.20
Verbal ability 0.00 0.00 —0.07 —0.04 —0.04 -0.32
BF openness 0.29 0.18 —0.14 —-0.22 —0.11 0.27
BF conscientiousness —0.04 0.14 —-0.07 —0.41 —0.26 0.37
BF extraversion 0.31 0.21 —-0.07 —-0.21 —0.06 0.58
BF agreeableness 0.10 —0.10 —-0.13 —0.44 —0.24 0.45
BF neuroticism 0.24 0.02 0.11 —0.06 0.17 —0.39
Goldberg openness 0.17 0.20 —-0.15 -0.18 —0.09 0.00

Bolded values p < 0.05.
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