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The activity of reading raises fundamental theoretical and practical questions about 

healthy cognitive aging.  Reading relies greatly on knowledge of patterns of language and of 

meaning at the level of words and topics of text.  Further, this knowledge must be rapidly 

accessed so that it can be coordinated with processes of perception, attention, memory and motor 

control that sustain skilled reading at rates of four-to-five words a second.  As such, reading 

depends both on crystallized semantic intelligence which grows or is maintained through healthy 

aging, and on components of fluid intelligence which decline with age. Reading is important to 

older adults because it facilitates completion of everyday tasks that are essential to independent 

living. In addition, it entails the kind of active mental engagement that can preserve and deepen 

the cognitive reserve that may mitigate the negative consequences of age-related changes in the 

brain. This chapter reviews research on the front end of reading (word recognition) and on the 

back end of reading (text memory) because both of these abilities are surprisingly robust to 

declines associated with cognitive aging.  For word recognition, that robustness is surprising 

because rapid processing of the sort found in reading is usually impaired by aging; for text 

memory, it is surprising because other types of episodic memory performance (e.g., paired 

associates) substantially decline in aging. These two otherwise quite different levels of reading 

comprehension remain robust because they draw on the knowledge of language that older adults 

gain through a life-time of experience with language.  

Aging and Word Recognition During Reading 

Over the past 50 years, studies using eye tracking during sentence reading have yielded a 

rich understanding of the characteristics of eye movements of skilled, young-adult readers 

(Engbert, Nuthmann, Richter & Kliegl, 2005; Radach, Kennedy & Rayner, 2004; Rayner, 1978; 

1998; Rayner, 2009). During reading, the eyes move across a text alternating between periods of 
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relative stillness or fixations, and rapid movements between fixations known as saccades. 

Typically, each word is fixated once, for a duration of 200-350 milliseconds (Inhoff, 1984; 

Rayner, 1978; 1998). In addition, words that are short or low in informational value (e.g., 

function words) may be skipped over, and long words often receive more than one fixation. 

Timing and targeting of saccades is determined by a mixture of oculomotor and lexical factors. 

For example, short saccades tend to overshoot their targets, resulting in the skipping of short 

words (e.g., Brysbaert, Drieghe, & Vitu, 2005; Brysbaert & Vitu, 1998), and words that are high 

in frequency or highly predictable based on sentential context are more likely to be skipped or 

receive shorter fixations than low frequency or less predictable words (e.g., Drieghe, Rayner & 

Pollatsek, 2005; White, Rayner & Liversedge, 2005). During normal reading, most saccades are 

progressive, moving rightward onto words that have not yet been fixated. Occasional regressive 

saccades occur in cases when words have inadvertently been skipped over or when the reader 

experiences difficulty integrating the meaning of a word into the larger context of the discourse 

(Rayner, 1998).  

While a great deal is known about eye movements during reading by younger adults, eye-

tracking studies of reading in older adults only began in earnest in the last decade (Kliegl, 

Grabner, Rolfs & Engbert, 2004; Rayner, Castelhano & Yang, 2010; Rayner, Reichle, Stroud, 

Williams & Pollatsek, 2006; Rayner, Yang, Castelhano & Liversedge, 2011) and consequently 

less is known about whether and how aging affects word recognition during reading. As with 

other language abilities, word recognition appears to be well preserved throughout healthy aging. 

Vocabulary knowledge is constant or continues to grow throughout the healthy lifespan, with 

older adults often outperforming younger adults on tests of vocabulary (Uttl, 2002; Verhaegen, 

2003). In simple isolated-word recognition tasks such as lexical decision, word naming, and 
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semantic categorization, older adults respond more slowly than younger adults, but the observed 

differences are smaller than the amount of age-related slowing found for non-lexical, visuo-

spatial reaction time tasks (Hale & Myerson, 1996; Lima, Hale & Myerson, 1991), provided that 

the linguistic tasks do not require high involvement of the executive system (Verhaegen, Cerella, 

Semenec, Leo, Bopp & Steitz, 2002). The observation of preserved semantic priming effects 

further supports the notion that semantic representations are well-maintained with age (Balota, 

Watson, Duchek & Ferraro, 1999; Burke, White & Diaz, 1987; Laver & Burke, 1993; Myerson, 

Ferraro, Hale & Lima, 1992), although some degree of semantic degradation has been observed 

in adults over 70 years old (Verhaegen & Poncelet, 2013). However, successful comprehension 

during sentence reading depends on the recognition of words as the eyes move rapidly over a 

text, requiring effective coordination of word recognition with processes of oculomotor control 

and the integration of individual words into the unfolding context of the sentence. For skilled 

readers, eye movements are coordinated in a way that optimizes both reading speed and text 

comprehension, relying on the efficient combination of word knowledge or crystalized 

intelligence and processing skill, a component of fluid intelligence Therefore, the relative 

preservation of word recognition ability in older adults does not ensure that reading ability as a 

whole is constant with age.  

Older adults generally read more slowly than younger adults, a finding that may be 

attributable at least partially to a general pattern of age-related cognitive slowing (Baltes & 

Lindenberger, 1997; Lindenberger & Baltes, 1994; Salthouse, 1992; 1996; Verhaegen & Cerella, 

2002). In addition, changes in reading rate among older adults are rooted to some degree in basic 

age-related changes in visual perception. Even among older adults with good high-contrast 

acuity, normal age-related changes to the visual system, such as reduced contrast sensitivity and 
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reduced retinal illumination, make visual perception of written text more effortful (Fozard and 

Gordon-Salant, 2001; Haegerstrom-Portnoy, Schneck, & Brabyn, 1999; Solan, Feldman & 

Tujak,1995; Owsley, 2011), leading to decreased sensitivity to fine visual detail (McGowan, 

White, Jordan, & Paterson, 2013) and increased effects of visual crowding (Cerella, 1985; 

Scialfa, Cordazzo, Bubruc & Lyon,  2012). As a result, even in adults with normal or corrected-

to-normal vision, these subtle forms of visual decline can cause reading rates to slow (Akutsu, 

Legge, Ross & Schuebel, 1991). 

Older adults may adapt to these visual challenges by relying more heavily than younger 

adults on low-frequency spatial information in written text. Lower spatial frequencies provide 

course-grained information about the words’ shape and location, whereas higher spatial 

frequencies provide fine-grained information about individual letter features. Direct support for 

older adults’ greater reliance on course-grained visual information comes from studies that have 

investigated how reading is affected by filtering text so that information is only available for a 

limited range of spatial frequencies (Paterson, McGowan & Jordan, 2013a).  Although older 

adults showed greater disruption than younger adults for any kind of filtered text, they were 

particularly impaired when only high frequency visual information was displayed, and showed 

relatively less impairment for text showing only low frequencies (Jordan, McGowan & Paterson, 

2014; Paterson, McGowan & Jordan, 2013b). Indirect evidence that older adults rely heavily on 

low-frequency spatial information comes from studies showing that older adults are more 

impaired than younger adults when reading (unfiltered) unspaced text (McGowan, White, Jordan 

& Paterson, 2013; Rayner, Yang, Schuett & Slattery, 2013). Inter-word spaces are a salient, low-

spatial frequency cue to the location of word boundaries, and therefore may be especially 
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important to older adults as a guide for targeting saccades. Removing spaces precluded this 

strategy and caused particular impairment to reading in older adults. 

During normal reading, older adults appear to be relatively successful in the use of 

compensatory strategies to mitigate the consequences of reduced visual abilities or processing 

speed. Although older adults read more slowly than younger adults, their qualitative patterns of 

eye movements across written text tend to be very similar to those of younger adults (Kliegl et 

al., 2004; Laubrock, Kliegl, & Engbert, 2006; Rayner et al., 2006). For example, older adults 

show similar (although not identical) effects of word frequency and contextual predictability as 

do younger adults (Rayner et al., 2006). However, while there is clear similarity in the overall 

patterns of eye movements during reading for younger and older adults (Kliegl et al., 2004), 

some qualitative differences do exist. Older adults typically make more fixations and more 

regressive saccades (Kliegl et al., 2004; Rayner et al., 2006; Rayner et al., 2013; McGowan et al., 

2013; Solan, et al., 1995), and older adults make longer saccades and show higher rates of word 

skipping compared to younger adults (Rayner et al., 2006). Age-related changes in visual 

perception may underlie some of these differences. Rayner et al. (2006) manipulated visual 

encoding difficulty by using normal (Times New Roman) and difficult-to-read (Old English) 

fonts. Younger adults’ eye movements on Old English font looked more similar to the eye 

movement behavior of older adults on Times New Roman font, suggesting that some of the 

qualitative changes in fixation patterns are indeed the result of greater difficulty with visual word 

encoding at the perceptual level. However, font-difficulty did not account for all differences in 

eye movement behavior, as older adults reading Times New Roman font continued to show 

greater saccade length and more regressive saccades then younger adults reading Old English 

font. Therefore, age-related differences in reading likely result from changes in cognitive ability 
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in addition to changes in ability at the level of visual perception.  One possible explanation for 

older adults’  related tendencies toward longer saccades and higher rates of skipping is that they 

compensate for their slower visual and motor processes by adopting a risky-reading strategy 

(Rayner et al., 2011; Rayner et al., 2006), relying more heavily on their intact semantic and 

conceptual representations and less heavily on perceptual processing of text. Older adults’ 

tendency to show larger and more consistent effects of word frequency on word skipping rates 

(Kliegl et al., 2004; Rayner et al., 2006; but see Rayner et al., 2011) suggests that they tend to 

rely on (partial) visual and word frequency information to ‘guess’ the identity of upcoming 

words, thereby skipping more words in an attempt to speed up reading rate. In addition, older 

adults are more likely than younger adults to make regressive saccades toward initially skipped 

words, suggesting that they tend to make incorrect guesses about the identity of skipped words, 

leading to processing problems downstream. Importantly, ‘guessing’ the upcoming words in this 

case is not meant to refer to a consciously applied strategy, but rather to an unconscious change 

in behavior to optimize performance despite cognitive and/or physiological limitations. Although 

there is no direct evidence that these age-related changes in eye movement behavior are indeed 

the result of a compensatory strategy, such strategic adaptation to patterns of preserved and 

reduced abilities is characteristic of how older adults approach many activities. For example, 

during a test of typing speed, Salthouse (1984) found older adults showed greater impairment 

relative to younger adults in cases where the number of visible characters in the upcoming text 

was limited, suggesting they look further ahead in the text than younger adults in an attempt to 

compensate for reduced cognitive and motor speed.  

However, research that directly examines task strategies has shown that aging leads to 

conservative rather than risky response criteria (Ratcliff, Thapar, Gomez & McKoon, 2004), and 
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the evidence that older adults adopt a risky-reading strategy is not conclusive. For example, 

Rayner et al. (2006) did not find evidence for older adults’ greater dependence on contextual 

information when assessing the effects of predictability, as both older and younger readers were 

more likely to skip or spend less time fixating highly predictable compared to less predictable 

words. Similarly, Kliegl et al. (2004) found that both older and younger adults made use of word 

predictability to increase reading speed, although they did so through slightly different 

adaptations in their eye movement patterns. Younger adults showed an effect of contextual 

predictability as an increase in skipping rates for predictable words, whereas older adults 

responded to the same manipulation with a reduced probability of refixation, so that they were 

less likely to refixate predictable words compared to less predictable words. However, aside 

from these qualitative differences in eye movement behavior, both younger and older adults were 

shown to rely to a similar degree on contextual predictability information as a determinant of 

reading speed. If older adults relied more heavily on contextual information in order to speed up 

their reading rate, this would be expected to result in greater effects of predictability compared to 

those observed in younger adults. 

Further evidence both for and against the notion that older adults adopt a risky-reading 

strategy comes from research that has examined the effects of aging on the size of readers’ 

perceptual spans and the processing benefits obtained from parafoveal preview. During sentence 

reading, the perceptual span refers to the region of effective vision. For younger adult skilled 

readers, the perceptual span extends approximately 3-4 letters to the left of fixation, and 

approximately 14-15 letters to the right of fixation (McConkie & Rayner, 1975; Rayner & 

Bertera, 1979). Depending on word length, this means that readers can obtain useful information 

from one or more words to the right of the currently fixated word, in the visual region known as 
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the parafovea. Effective parafoveal processing can speed up reading times, as words that have 

received greater processing in the parafovea (i.e. before the word was fixated) may be inspected 

for less time once they are eventually fixated (Inhoff & Rayner, 1986; Schotter, Angele & 

Rayner, 2012). Occasionally readers may even reach full recognition of the parafoveal word, in 

which case it may be skipped (Choi & Gordon, 2013; Gordon, Plummer & Choi, 2013; 

Pollatsek, Reichle & Rayner, 2006; Reichle, Pollatsek, Fisher & Rayner, 1998).  

In non-reading tasks such as visual search or choice reaction time, older adults have been 

shown to process non-foveal information less effectively than younger adults (Ball, Beard, 

Roenker, Miller, & Griggs, 1988; Sekuler, Bennett, & Mamelak, 2000), but evidence on older 

adults’ ability to effectively make use of parafoveal information during sentence reading has 

been less consistent. Rayner, Castelhano, and Yang (2009) manipulated the amount of parafoveal 

information available to the reader by using a fixed-size window that moved wherever the reader 

was looking, a technique known as the moving-window paradigm (McConkie & Rayner, 1975; 

1976; Rayner, 2014).  By varying the size of the moving window (i.e., how many words beyond 

the currently fixated word are visible at any given time), it is possible to estimate the average 

perceptual span across groups of readers. For younger adults, reading typically proceeds 

normally as long the visible region includes the fixated word and at least two following words, 

but reading tends to be disrupted when the visible region includes only one word beyond the 

currently fixated word (Rayner, 1986; Rayner, Well, Pollatsek, & Bertera, 1982; Rayner, 

Castelhano & Yang, 2009). This suggests that readers obtain useful information from up to two 

words to the right of fixation, but no further than that. In contrast, Rayner et al. (2009) observed 

that older adults showed no differences in eye movement behavior when the visible region 

included either one or two words to the right of fixation, but in both cases reading was 
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significantly disrupted compared to a control condition in which the entire sentence was always 

visible. Since the inclusion of the second word to the right of fixation did not facilitate reading 

for older adults the way it does for younger adults, it appears that older adults do not obtain 

useful word information beyond the first word to the right of fixation. In addition, older adults 

showed impaired reading when information to the left of fixation was masked, while younger 

adults were not affected by this manipulation. This finding suggests that older adults’ perceptual 

span is less asymmetric than younger adults’, so that it includes relatively more information to 

the left of fixation. Using a technique known as the boundary paradigm (Rayner, 1975), Rayner, 

Yang, and Castelhano (2010) compared reading behavior across older and younger adults when 

target words were masked until the reader’s eyes crossed an invisible boundary between the 

target and the immediately preceding word.  Older adults were less disrupted than younger adults 

when parafoveal processing of targets was prevented, suggesting their reading relies less heavily 

on information available in the parafovea. Finally, Rayner, Yang Schuett and Slattery (2014) 

showed that older adults were significantly more impaired than younger adults in cases where a 

moving window consistently masked the word they were fixating at that time, suggesting that 

older adults were less able to rely on parafoveal information in cases where the foveal word was 

unavailable.  

The notion that older adults are less effective than younger adults at using information 

available in the parafovea to increase their reading rate has been used to support the risky-

reading interpretation of older adults’ reading behavior. According to this argument, because 

older adults’ parafoveal processing is less efficient, they may be more likely to guess the identity 

of upcoming words rather than attempting full identification (Rayner et al. 2011; Rayner et al. 

2006). However, not all available evidence is consistent with this idea. For example, Rayner et 
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al. (2014) did not find a significant difference in the amount of disruption in older and younger 

adult readers when all words to the right of fixation were masked by a moving window, which is 

inconsistent with the notion that older adults rely less heavily on information to the right of 

fixation. Furthermore, Risse and Kliegl (2011) provide evidence that older adults’ parafoveal 

processing abilities may actually be relatively well preserved. Using an adaptation of the 

boundary paradigm, Risse and Kliegl manipulated the preview availability of the second word 

(N+2) following a target word, and showed that older and younger adults showed similar 

amounts of N+2 preview benefit. That is, word N+2 was read more quickly in cases where valid 

preview was available while readers were fixating two words earlier in the sentence. The finding 

that older adults appear to be able to make use of parafoveal information as far as two words 

ahead of the current fixation is inconsistent with the theory that older adults’ parafoveal 

processing is impaired compared to younger adults.  

Based on the observation of preserved parafoveal processing in older adults, Risse and 

Kliegl have proposed an interpretation of older adults’ eye movements that can be construed as 

an alternative to the risky-reading theory. They suggest that older adults’ patterns of eye 

movements during reading may result from a reduced ability to flexibly adjust their fixation 

patterns in response to foveal and parafoveal processing demands. This alternative interpretation 

is supported by two main observations from the same study. First, older adults showed a 

comparatively lower post-skipping cost, referring to the tendency for fixation durations to be 

longer right after a word has been skipped (Pollatsek, et al., 2006; Radach & Heller, 2000; 

Reichle, et al., 1998; Vitu, McConkie, Kerr, &O’Regan, 2001). Post-skipping cost is typically 

attributed to the fact in cases where the previous word was skipped, the currently fixated word 

has received less parafoveal processing compared to cases in which the previous word was not 
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skipped, as it is separated from the saccade’s launch site by the skipped-over word. Therefore, if 

older adults indeed have reduced parafoveal preview capacity, one would expect to find larger 

post-skipping cost compared to younger adults rather than the observed reduction in post-

skipping cost. Second, Risse and Kliegl observed a parafoveal-on-foveal effect that was smaller 

for older compared to younger adults. Parafoveal-on-foveal effects occur when the difficulty of 

the word to the right of  the fixation influences fixation durations on the currently fixated word 

(Kennedy , Pynte & Ducrot, 2002; Kliegl, Nuthman, & Engbert 2006;Wotschack & Kliegl, 

2013). In Risse and Kliegl’s study, younger adults showed larger reductions in target word gaze 

duration when the word following the target was an easy-to-process function word compared to a 

more-difficult-to-process noun. Although it should be kept in mind that parafoveal-on-foveal 

effects themselves are somewhat controversial (e.g., Kliegl, 2007; Rayner, Pollatsek, Drieghe, 

Slattery & Reichle, 2007), these findings suggest that although parafoveal processing of words 

may be intact in older adults, they may be less likely to use the acquired parafoveal information 

to flexibly adapt their fixation durations based on local and short-term changes in processing 

difficulty.  

Consistent with the idea that older adults respond less flexibly to local changes in 

processing difficulty, older adults appear to be more impaired than younger adults when reading 

disappearing text (Rayner et al., 2011). In a disappearing text paradigm (Ishida & Ikeda, 1989; 

Rayner, Inhoff, Werner, Morrison, Slowaczek & Bertera, 1981), each word in a sentence is 

masked within a short duration of time after the onset of the first fixation on that word. 

Surprisingly, reading for younger adult skilled readers is only minimally disrupted when words 

are visible for as little as 60 ms each, suggesting that this is enough time for readers to obtain the 

visual information necessary for subsequent lexico-semantic encoding. Rayner and colleagues 
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found that older readers were much more disrupted than younger adults when reading 

disappearing text with 60 ms mask onsets, although the amount of additional disruption caused 

by even earlier mask onsets (40 and 50 ms) was similar for older and younger adults. When only 

one target word in a sentence was replaced by mask, this was more disruptive than when all 

words were masked, but importantly this additional disruption was much greater for older 

compared to younger adults. Together, these results suggest that older adults were less sensitive 

and less responsive to sudden, localized changes in the stimuli.  

The lack of flexible adaptation to local variation in processing difficulty observed by 

Risse and Kliegl (2011) and Rayner et al. (2011) may be attributed to reductions in inhibitory 

control of eye movements during reading, as proposed by Laubrock et al. (2006). In general, 

these ideas are consistent with the notion of a general age-related decline in inhibitory control in 

cognitive tasks (Hasher, Stoltzfus, Zacks, & Ryma, 1991). Evidence from non-reading tasks 

suggests that older adults exhibit weaker saccadic control (Scialfa, Hamaluk, Pratt & Skaloud, 

1999; Butler, Zacks, & Henderson, 1999) and slower saccadic latency (Cassavaugh, Kramer & 

Peterson, 2004) compared to younger adults. Rayner et al. (2006) found few age-based 

differences in average landing position, meaning older and younger adults’ first fixations into a 

word tend to land at similar sites relative to the word’s center, suggesting that the oculomotor 

control needed for effective saccade targeting is not affected by age. However, older adults’ 

ability to effectively coordinate eye movements during reading with processes of lexico-semantic 

encoding has not been directly assessed and more research is needed to determine how possible 

changes in oculomotor control affect older adults’ reading behavior. For now, the idea that a 

reduced ability to flexibly respond to processing demands provides an alternative to the risky 

reading interpretation of the qualitative differences observed in older adults’ reading behavior. 
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Longer saccades, greater skipping and more frequent regressive saccades may be an indicator of 

reduced sensitivity to local processing challenges. As a result, older adults’ first-pass sentence 

reading may be a relatively coarse-grained scan, followed by regressive saccades in cases where 

the initial analysis proved insufficient and specific words must be encoded in a more fine-grained 

manner. 

To summarize, studies of older adults’ eye movements during sentence reading suggest 

that their word recognition is relatively unimpaired. Although older adults read more slowly than 

young adults, their qualitative patterns of eye movements in response to lexical characteristics 

(e.g., frequency) and sentence characteristics (e.g., word predictability) largely resemble those of 

younger adults, demonstrating the influence of preserved crystalized intelligence in the form of 

word knowledge. Remaining age-related differences in reading behavior may be attributed in 

part to older adults’ reduced visual abilities and in part to potential compensatory strategies as 

suggested by the risky-reading account. Alternatively, older adults may be less adept at 

effectively coordinating word recognition with processes of oculomotor control, impairing their 

ability to flexibly adapt their patterns of fixation in response to immediate processing demands. 

By this account, age-related changes in reading ability are the result of a reduction in skills 

related to rapid processing and coordination of multiple cognitive processes, a component of 

fluid intelligence that declines with age. 

Aging, Reading and Memory 

 Remembering what has been read enhances the value of reading.  Although age-related 

deficits in text memory are well-documented (see Johnson, 2003, for a meta-analysis and 

review), the magnitude of these deficits is not nearly as pronounced as those that have been 

reported in list-memory paradigms (Alexander et al., 2012; Zelinski & Kennison, 2007), which is 



  April 7, 2015   

15 
 

consistent with the broader observation noted above that many domains of language 

comprehension are maintained or even enhanced with increasing age (see, e.g., Burke & Shafto, 

2008; Thornton & Light, 2006; Salthouse, 2009; Verhaeghen, 2003).  Here we consider the 

effects of aging on sentence processing and text memory at different levels of linguistic 

representation, focusing in particular on factors that contribute to older adults’ relatively 

preserved language comprehension abilities.   

 Successful language comprehension must occur to give rise to an enduring memory of 

what was read.  This process is often described in terms of building, maintaining, and integrating 

linguistic representations at several different levels, including the surface level, textbase, and 

situation-model (Kintsch, 1988, 1998).  The surface level represents the exact words of the text, 

as well as the syntactic relations that link them together grammatically.  The textbase contains 

the integrated ideas and meaningful propositions expressed by the text.  Finally, the situation 

model involves a more elaborate understanding of what the text is about including higher-level 

representations of events, actions, goals, and causal relationships.   

 Work that has focused on sentence processing at the surface level, specifically with 

regard to the syntactic operations that are needed to construct higher-level propositions, has 

found that processing is minimally affected by age, except for sentences with very complex 

syntactic constructions (e.g., Caplan, DeDe, Waters, Michaud, & Tripodis, 2011; Kemper, 1987; 

Kemper, Crow, and Kemtes, 2004; Kemper & Liu, 2007; Kemtes & Kemper, 1997).  In cases 

where processing at the surface level breaks down, readers of all ages are likely to adopt a 

representation of the sentence that is incomplete, inaccurate, or otherwise deemed “good 

enough” for the task at hand (Christianson, Hollingsworth, Halliwell, & Ferreira, 2001; 

Christianson, Williams, Zacks, & Ferreira, 2006; Ferreira, Bailey, & Ferraro, 2002; Ferreira & 
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Patson, 2007).  For example, after reading temporarily ambiguous garden-path sentences such as 

While Anna dressed the baby played in the crib, Christianson et al. (2006) found that younger 

adults adopted an incorrect interpretation of the sentence about 30% of the time (e.g., incorrectly 

answering “yes” to the question, “Did Anna dress the baby?”), whereas older adults were 

incorrect about 50% of the time.   

 Additional work has investigated possible age differences in sentence processing at the 

textbase level, focusing in particular on wrap-up effects during reading.  Wrap-up refers to the 

increase in reading time that is typically observed at the ends of clauses and sentences (Just & 

Carpenter, 1980; Rayner, Kambe, & Duffy, 2000; Rayner, Sereno, Morris, Schmauder, & 

Clifton, 1989), which has been proposed to reflect semantic integration of the concepts in the 

sentence into a coherent textbase representation (e.g., Daneman & Carpenter, 1983; Haberlandt 

& Graesser, 1989; Payne & Stine-Morrow, 2012, 2014).  Younger adults tend to show larger 

wrap-up effects than older adults (e.g., Stine, 1990; Stine, Cheung, & Henderson, 1995), 

suggesting that younger adults might encode stronger representations of the textbase during 

reading.  However, several studies have shown that there are large individual differences in 

wrap-up effects among both younger and older adults, and that individuals across all age groups 

who show larger wrap-up effects tend to also show better comprehension and subsequent 

memory for what was read (e.g., Haberlandt, Graesser, Schneider, & Kiely, 1986; Miller & 

Stine-Morrow, 1998; Payne & Stine-Morrow, 2012, 2014; Smiler, Gagne, & Stine-Morrow, 

2003; Stine, 1990; Stine-Morrow, Milinder, Pullara, & Herman, 2001).  In fact, some work 

suggests that providing explicit instructions on reading strategies that support conceptual 

integration can improve memory for what was read among both younger and older adults (Stine-

Morrow, Noh, & Shake, 2010).  Additional work suggests that older adults may show increased 
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wrap-up effects to compensate for decreased levels of crystallized intelligence (e.g., Chin et al., 

2015; discussed in greater detail below).  

Any age differences in sentence processing and memory that may arise at the surface-

form and textbase levels seem to disappear when higher levels of linguistic representation are 

assessed, which may reflect different strategies of resource allocation during reading among 

older and younger adults (e.g., Radvansky & Dijkstra, 2007; Stine-Morrow, Miller, & Hertzog, 

2006; Stine-Morrow, Miller, Gagne, & Hertzog, 2008).  Early support for this notion came from 

Stine-Morrow, Loveless, and Soederberg (1996), who collected self-paced-reading times and 

subsequent recall measures from older and younger adults.  The results showed that the young 

adults who showed the highest levels of recall for the text tended to devote more online 

processing to surface level factors (e.g., showed large word-frequency effects) and textbase 

factors (e.g., slowed down on portions of the text that were propositionally dense), whereas the 

older adults who showed the highest levels of recall tended to devote more online processing to 

aspects of the text that may have helped them build a strong situation model (e.g., spending more 

time on earlier portions of the text when characters were being introduced compared to later 

portions of the text).  Similar work by Radvansky, Zwaan, Curiel, and Copeland (2001) assessed 

readers’ recognition memory for aspects of the texts that corresponded to the surface level (e.g., 

verbatim words from the text), the textbase level (e.g., a paraphrase from the text), and the 

situation model (e.g., an inference drawn from the text).  Results showed that younger adults had 

better memory than older adults when the recognition task assessed the surface or textbase level; 

however, older adults outperformed younger adults when the memory task assessed aspects of 

the situation model.   
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A number of other studies have provided additional evidence that when memory for text 

is assessed at higher levels of text meaning, older adults do as well or better than young adults 

(e.g., Ferstl, 2006; Radvansky, Copeland, Berish, & Dijkstra, 2003; Radvansky, Copeland, & 

Zwaan, 2003; Radvansky, Gerard, Zacks, & Hasher, 1990; Stine-Morrow, Gagne, Morrow, & 

DeWall, 2004; see Radvansky, 1999, Radvansky & Dijkstra, 2007, for reviews).  For example, 

Radvansky, Copeland, and Zwaan (2003) examined older and younger adults’ representations of 

the spatial relations they formed while reading texts.  Participants had shorter reading times for 

sentences where two entities could easily be integrated into a functional spatial relationship (e.g., 

a hammer poised above a nail), compared to sentences where the two entities did not have a 

functional spatial relationship (e.g., a hammer to the right of a nail).  Further, a subsequent 

memory test showed that participants had better memory for the functional relations compared to 

the nonfunctional relations.  Critically, there was no evidence of an age difference in the 

magnitude of these effects for either the reading-time data or the memory data, consistent with 

the notion that older adults retain the ability to construct situation models during language 

comprehension and rely on these representations later when they remember what they read.  

Notably, Radvansky et al. (2001) have proposed that older adults do build adequate linguistic 

representations at the lower-level surface and textbase levels, which they may then use as a 

temporary “scaffold” on their way to building a strong situation model, at which point the 

surface and textbase representations fade rapidly. 

A variety of perspectives on aging, sentence processing, and text memory have noted that 

working-memory capacity tends to decline with increasing age (e.g., Craik & Byrd, 1982), and 

this has commonly been used as an explanatory framework when age deficits are observed in 

language tasks (e.g., Borella, Ghisletta, & de Ribaupierre, 2011; Christianson et al., 2006; 
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Hertzog, Dixon, Hultsch, & MacDonald, 2003; Kemper et al., 2004; Kemper & Liu, 2007; 

Norman, Kemper, & Kynette, 1992; Stine-Morrow, Ryan, & Leonard, 2000; Stine-Morrow et al., 

2006; van der Linden et al., 1999).  Although some of this work has found relationships between 

working-memory capacity and language performance among older adults, several other studies 

have found no evidence of a relationship between working-memory capacity and age-related 

differences in online processing patterns or memory performance (e.g., Radvansky & Copeland, 

2001, 2004, 2006; Smiler et al., 2003; Stine-Morrow et al., 1996; Stine-Morrow, Miller, & Leno, 

2001), and still others have shown that age-related differences may be more appropriately 

conceptualized as stemming from differences in other constructs such as crystallized intelligence 

(i.e., knowledge) rather than working-memory capacity (e.g., Chin et al., 2015; Miller, 2009; 

Miller, Cohen, & Wingfield, 2006; Miller & Gagne, 2008; Miller & Stine-Morrow, 1998; Miller, 

Stine-Morrow, Kirkorian, & Conroy, 2004).  Further, as noted above, age differences in memory 

for text tend to be much smaller than differences that have been reported using other paradigms, 

such as list learning (Alexander et al., 2012, Zelinski & Kennison, 2007), and the sentence-

processing mechanisms that are necessary to build enduring memory representations of what was 

read tend to be relatively insensitive to the effects of aging except for sentences with very 

complex syntactic structures (e.g., Caplan et al., 2011; Kemper, 1987; Kemper et al., 2004; 

Kemper & Liu, 2007; Kemtes & Kemper, 1997).  All of this suggests that conceptualizing age-

related changes in sentence processing and text memory within a framework that focuses on 

declines in working-memory capacity is inadequate. 

The notion that there is a relationship between the relative preservation with aging of 

both sentence comprehension and text recall is consistent with an emphasis in the broader 

psycholinguistics literature to move away from capacity-limited working-memory models of 
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sentence processing (e.g., Baddeley, 1986, 2000; King & Just, 1991; Just & Carpenter, 1992) and 

toward models that characterize comprehension as dependent on how syntactic, semantic, and 

pragmatic information is encoded, stored, and retrieved during sentence processing (e.g., Gordon 

& Lowder, 2012; Gordon, Hendrick & Johnson, 2001; Johnson, Lowder, & Gordon, 2011; 

Ledoux & Gordon, 2006; Lewis & Vasishth, 2005; Lewis, Vasishth, & Van Dyke, 2006; Van 

Dyke & Lewis, 2003), with these same processes of encoding and retrieval underlying text 

memory.  Such cue-based approaches to sentence processing fit well with the idea of long-term 

working memory (LTWM; Ericsson & Kintsch, 1995), which proposes that the ongoing memory 

resources required for skilled performance cannot be met by temporary, limited-capacity 

systems, but instead require a highly organized system that allows information to be retrieved 

from long-term memory rapidly and efficiently.   

Conceptualizing sentence processing and text memory within a cue-based LTWM 

framework leads to the expectation that language comprehension and text memory work well 

when the processes of encoding and retrieval involve meaningful representations that are 

supported by multiple cues; otherwise, both work poorly.  This account is consistent with work 

demonstrating that older adults show limited or no impairments when the language task provides 

them with opportunities to draw on their broad knowledge of language and more general world 

knowledge (e.g., Arbuckle, Vanderleck, Harsany, & Lapidus, 1990; Hess & Flannagan, 1992; 

Hess, Flannagan, & Tate, 1993; Light & Anderson, 1983; Miller et al., 2006; Miller & Stine-

Morrow, 1998; Morrow, Leirer, Andrassy, Heir, & Menard, 1998).  For example, Miller and 

Stine-Morrow presented older and younger participants with vague, difficult-to-understand 

passages to read.  Half of the participants received a title to go along with each passage that 

provided a schematic context that helped clarify the meaning of the text (Bransford & Johnson, 
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1972), while half of the participants received no titles.  Readers who received titles had shorter 

reading times compared to readers who did not receive titles, particularly at the ends of clauses 

and sentences where conceptual integration of the material is proposed to take place.  In addition, 

memory for the passages was better when a title had been provided.  Importantly, this 

manipulation of contextual knowledge was more beneficial to older than younger adults, 

suggesting that older adults’ ability to use meaningful cues to guide the encoding and retrieval of 

text is very well-preserved. 

Whereas Miller and Stine-Morrow (1998) showed that conceptual integration of vague 

texts is easier when the reader is armed with the relevant schematic knowledge (i.e., knowledge 

that the reader has possessed for his or her entire life), other evidence suggests that recently-

learned knowledge has a very different pattern of effects on conceptual integration.  Miller et al. 

(2004) examined the effects of health knowledge on processing and memory of health-related 

texts by assigning older and younger adults to either a training program where they were taught 

knowledge that would be relevant to comprehending the texts, or to a control program.  Although 

older and younger adults who had received the relevant training showed better comprehension 

for the material they read compared to control participants, the online reading times between the 

two age groups showed different patterns of effects.  Specifically, older adults who had recently 

acquired the information relevant to understanding the texts showed larger wrap-up effects than 

control older adults, whereas there was no difference in the magnitude of wrap-up effects 

between knowledgeable and less-knowledgeable younger adults.  This suggests that older adults 

who have recently acquired relevant domain knowledge about a text may allocate more 

processing resources to portions of the text that require conceptual integration; however, this 

extra processing effort pays off in terms of achieving high levels of comprehension and memory 
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for what was read (see also Miller, 2009).  Taken together, these findings point toward very 

different roles for schematic knowledge and domain knowledge during reading among older 

adults.  When the information in a text reflects a topic older adults know extremely well that 

draws on their wealth of schematic knowledge, it seems that this knowledge is easily accessed 

during reading and can automatically be applied to the information contained in the text to 

facilitate processing.  In contrast, when the information in a text is about a more complex domain 

of knowledge, especially on a topic that older adults have only recently learned about, there may 

not be a straightforward conceptual mapping between the information contained in the text and 

the reader’s knowledgebase, resulting in slower, more effortful integration.     

 Aside from being able to draw on relevant knowledge during language comprehension, 

older adults also rely on their intact crystallized semantic intelligence (e.g., Beier & Ackerman, 

2005; Verhaghen, 2003).  Of particular note, Chin et al. (2015) examined the effects of both 

domain knowledge and crystallized intelligence on older adults’ reading times and subsequent 

recall of texts.  Results showed that higher levels of crystallized intelligence (as measured by 

vocabulary scores) were associated with larger wrap-up effects at clause and sentence 

boundaries, presumably reflecting higher levels of conceptual integration.  In addition, higher 

levels of crystallized intelligence were associated with better recall.  Interestingly, older adults 

who had lower levels of crystallized intelligence seemed to achieve higher levels of recall when 

they paused more at clause and sentence boundaries, which suggests that wrap-up might be used 

as a reading strategy to compensate for lower crystallized abilities and promote better 

understanding of what was read. Although the benefits associated with high levels of crystallized 

abilities were demonstrated across all texts, high levels of domain knowledge only showed 

effects for texts specific to the relevant knowledge domain.  For these texts, readers with higher 
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levels of knowledge showed larger wrap-up effects compared to readers with lower levels of 

knowledge.  

 Older adults’ well-preserved crystallized intelligence may be the result of the many more 

years of reading experience they have accumulated compared to young adults (Mol & Bus, 2011; 

Stanovich, West, & Harrison, 1995).  Indeed, recent work (Payne, Gao, Noh, Anderson, & Stine-

Morrow, 2012; Payne, Grison, Gao, Christianson, Morrow, & Stine-Morrow, 2014) has begun to 

investigate whether age differences in sentence processing and text memory can be explained at 

least in part by considering scores on the Author Recognition Test (ART; Acheson, Wells, & 

MacDonald, 2008; Stanovich & West, 1989)—a checklist of names from which individuals must 

select the ones they recognize as authors.  The ART is a very quick-to-administer paper-and-

pencil task, yet it has been shown to be a reliable and valid measure of an individuals’ exposure 

to printed language (Stanovich & West, 1989; West, Stanovich, & Mitchell, 1993), and it shows 

strong positive correlations with vocabulary knowledge (Beech, 2002; Lewellen, Goldinger, 

Pisoni, & Greene, 1993; Stanovich et al., 1995), reading comprehension ability (Martin-Chang & 

Gould, 2008; Stanovich & Cunningham, 1992, 1993), spelling ability (Lewellen et al., 1993; 

Stanovich & West, 1989), and SAT scores (Hall, Chiarello, & Edmonson, 1996; Lewellen et al., 

1993; Stanovich et al., 1995).  Despite these strong relationships with other verbal-ability 

measures, researchers have only recently begun to relate variability in individuals’ print exposure 

to online reading patterns.   

 For example, Payne et al. (2012) found that higher ART scores among older adults were 

associated with reduced effects of word length and word frequency, slower reading times at 

clause and sentence boundaries, and better memory for what was read.  The authors interpret 

these findings as supporting the idea that high levels of print exposure result in more efficient 
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lexical processing at the surface level while more resources are allocated to the portions of the 

sentence where conceptual integration at the textbase level must take place, and that these 

reading patterns then give rise to successful comprehension and enduring memory 

representations.   

 In sum, age-related deficits in sentence processing and text memory tend to emerge at 

lower levels of representation, such as the surface-level and textbase levels, particularly when 

sentences are very complex; however, older adults perform as well or better than younger adults 

when the higher-level situation-model representation of the text is assessed. Further, older adults 

tend to compensate for their decreased levels of fluid intelligence by drawing on the crystallized 

intelligence (e.g., knowledge, vocabulary, print exposure) that they have accumulated, which 

leads to efficient reading strategies that support comprehension and memory. This latter point is 

largely consistent with the cue-based LTWM framework. That is, the lifetime of reading 

experience that older adults accrue provides them with a well-organized structure in long-term 

memory of the patterns that tend to occur in natural language, which older adults can access 

rapidly and efficiently when they encounter meaningful cues in text that match their stored 

representations. This perspective is consistent with the notion that sustained engagement in 

reading throughout the lifespan can continue to enhance the cognitive architecture that supports 

the highly skilled processes of language comprehension and text memory. 

Conclusion 

Reading is an important life skill in modern, industrialized societies. It plays an important 

role in economic and other practical activities and in entertainment and understanding of events 

in the world. This skill is very robust over the adult lifespan because it relies so heavily on the 

kinds of semantic knowledge that are maintained throughout healthy aging. Research examining 



  April 7, 2015   

25 
 

word recognition during reading shows that aging does not result in large qualitative differences 

from the patterns of eye movements seen in younger adults but that aging does lead to systematic 

changes in a number of ways that are consistent with reduced visual and oculomotor capabilities 

in combination with greater reliance on knowledge of the patterns of language. Research 

examining text memory has shown that it is very well preserved with aging as compared to other 

types of episodic memory. The preservation of text memory in combination with relatively well 

preserved sentence processing ability supports a shift away from models of working memory in 

which memory representations that are relevant to processing are temporarily maintained in a 

resource-intensive way and toward models based on long-term working memory. These newer 

models focus on how the organization of language allows the creation of highly-structured 

memory representations that can be accessed effectively, both during and after language 

processing, using the rich memory retrieval cues that language provides.   
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