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It is well-known that sentential context modulates sentence processing. But does context also have effects
that extend beyond the immediate moment, for example, by impacting the memory representations that
people store? And are there age-related differences in this process? Here, we investigated this question.
German readers who varied in age self-paced through constraining sentences that continued in a predictable
or less predictable fashion. Participants’ recognitionmemorywas then tested for previously seen (i.e., “old”)
words and for initially predictable but not actually presented words (i.e., “lures”). The results showed that
readers of all ages slowed down when reading unpredictable sentences. However, aging individuals
maintained less sentence-specific information than younger adults: They not only understood sentential
materials less correctly on the fly, but they also showed disproportionate rates of false remembering and
less successful old–new discrimination in the recognition memory test. Of note, rates of false remembering
were reduced in those aging readers who allocated more time toward reading unpredictable sentence
continuations. Together, our results show that aging increases reliance on gist or schema-congruent processing
but that more attentive encoding of text can buffer against some of the resulting memory distortions.

Public Significance Statement
We show that aging increases the likelihood of falsely remembering episodes that were never witnessed
but match ones knowledge about the world (i.e., schemas). Aging individuals are also less likely to
correctly recognize information that does not align with their schemas. This shows that older individuals
are more likely to rely on things they already know about the world, but they are less likely to spend time
with new information. Finally, we found that aging individuals have a distorted perception of their own
memories, as they frequently issue false-memory judgments with high confidence.
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Sentence and text processing requires that we quickly and
continuously decode and map visual word-level features onto an
incrementally accumulating representation of meaning (Kintsch
et al., 1990). The efficiency of this process likely changes with
increasing age, as older adults often show declines in processing
speed and working memory capacity (e.g., Salthouse, 1992, 1994;
West, 1996) but at the same time have a greater cumulative
experience in lexical processing than younger readers due to their

life-long experience with language and text (e.g., Payne et al., 2014;
Stine-Morrow et al., 2008). A linguistic feature that is known to
alleviate some of the burdens of language processing is context.
Indeed, words are processed more effortlessly when they are
congruent with, and predictable from, prior context (e.g., Altmann&
Kamide, 1999; DeLong et al., 2005; Federmeier & Kutas, 1999;
Huettig, 2015; Ito et al., 2016; Kuperberg & Jaeger, 2016; Ryskin &
Nieuwland, 2023; Van Berkum et al., 2005). But how does
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contextual knowledge that is built during sentence comprehension
affect long-term memory? And how does aging modulate this
relationship when we know that the cognitive profiles of older adults
show evidence for both decline and reserve? Here, we address these
questions by investigating age-related differences in context use
during reading and recognition memory.We begin by examining the
evidence on sentence comprehension and memory in young- and
old-adult readers.

Sentence Comprehension and Its Effects on Recognition
Memory in Younger Adults

Language users often use context to facilitate processing of
incomingwords in sentence comprehension. Consequently, words that
are predictable from context elicit shorter reading times and reduced
N400 event-related potential components (e.g., Kutas & Federmeier,
2011; Staub, 2015) compared to words that are unpredictable. Indeed,
prediction, that is, the top–down preactivation of linguistic features
before these are perceived, has been identified as a hallmark of
sentence processing that may facilitate, or even enable, language
learning (e.g., Henson & Gagnepain, 2010; Martin et al., 2018; for
reviews on prediction, see Huettig, 2015; Kuperberg & Jaeger, 2016;
Ryskin & Nieuwland, 2023). But what happens when contextual
predictions are not borne out? Do predictable words become
suppressed, or do they remain active in memory? Previous studies
including young-adult samples have obtained conflicting evidence.
One line of research argues that disconfirmed words are maintained in
memory. For example, in a seminal study by Hubbard et al. (2019),
young-adult participants of English read sentences (e.g., “Be careful,
the top of the stove is very greasy”) that constrained their expectations
toward a specific lure word (e.g., “hot”). In a subsequent recognition
memory test, which asked participants to judge words as “old” or
“new,” participants were more likely to incorrectly endorse
contextually predictable lures as old, compared to new words that
had not appeared in the sentence. The authors concluded that
predictable words “linger” in memory, eliciting false recognition (also
see Chung & Federmeier, 2023; Haeuser & Kray 2022a; Höltje &
Mecklinger, 2022; Rich & Harris, 2021; Rommers & Federmeier,
2018a). In contrast to this, other findings have suggested that young-
adult comprehenders inhibit initial predictions immediately once they
are disconfirmed (e.g., Ness & Meltzer-Asscher, 2018). For example,
in a cross-modal priming experiment, young-adult participants showed
reduced priming effects for predictablewords (e.g., “restaurant”) when
a previously seen sentence was completed by an unpredictable word
compared to when it was not completed by any word (e.g., “John
aspires to be a chef and soon wants open up his own … bakery”).
Thus, previous research is conflicting regarding whether young-adult
language users maintain or suppress contextual predictions.
In addition to investigating the effects of sentence comprehension

on false memory, previous studies have also sought to uncover how
ongoing processes during comprehension can affect memory for
sentence content (i.e., “true” recognition or recall memory). One
of the central questions in these studies is what promotes human
memory—novelty (i.e., prediction error) or congruency with an
existing schema (i.e., high predictability; see Van Kesteren et al.,
2012). Error-driven learning accounts argue that incongruency
drives memory, whereas schema-congruency accounts argue that
consistency with accumulated knowledge about the world improves
memory. Critically, previous studies on young-adult samples have

obtained evidence supporting both views (e.g., Brod et al., 2013; Brod
& Shing, 2019; Corley et al., 2007; Federmeier et al., 2007; Haeuser
&Kray, 2021; Heikkilä et al., 2015; Höltje et al., 2019; Hubbard et al.,
2019; Hunt & Lamb, 2001; Packard et al., 2017; Rommers &
Federmeier, 2018b; see also Tibon et al., 2017). Recent research
accommodates these findings by postulating two different brain
systems that are differently engaged when encoding schema-congruent
versus schema-incongruent material (e.g., Greve et al., 2019; Quent et
al., 2022). Thus, human memory is likely driven by congruency with
schema and prediction error.

Sentence Comprehension and Its Effects on Recognition
Memory in Older Adults

Similarly to younger adults, older adults can and do use linguistic
context during sentence comprehension to predict upcomingwords (for
a review, see Payne & Silcox, 2019), but diverging strands of research
have obtained conflicting evidence to what extent and how readily
older adults do so (e.g., Federmeier et al., 2002; Noh & Stine-Morrow,
2009; Payne & Federmeier, 2018; Pichora-Fuller, 2008; Pichora-Fuller
et al., 1995; Rayner et al., 2006; Stine-Morrow et al., 1996, 1999, 2006;
Tun & Wingfield, 1994; Wingfield et al., 1985, 1991; Wingfield &
Stine-Morrow, 2000; Wlotko et al., 2010, 2012). Relevant to the
present study are findings showing that, as long as working-memory
demands are not overly taxed (in which case context use goes down;
e.g., Dagerman et al., 2006) or stimulus materials are visually or
acoustically degraded (e.g., Pichora-Fuller et al., 1995), older adults
are, in principle, able to use linguistic context (e.g., Balota & Duchek,
1991; Light et al., 1991, 1992), but it is currently unclear how readily
they do so (e.g., Federmeier et al., 2002; Noh & Stine-Morrow, 2009;
Payne & Federmeier, 2018; Wlotko et al., 2012).

Of greater relevance to the present study is the question of how
initial language processing shapes false and true memory representa-
tions in older adults. With respect to false memory, many previous
studies have investigated age-related differences in the so-called DRM
paradigm (e.g., coined after Deese, 1959; Roediger & McDermott,
1995). DRM studies present participants with semantically coherent
word lists (e.g., “bed, rest, tired, awake, dream, snooze, …”), in
which all words are semantically related to a critical lure word (e.g.,
“sleep”). A common finding in these studies is that older adults
often show larger false recognition and recall rates for lure words than
is the case for younger adults (e.g., Balota et al., 1999; Norman &
Schacter, 1997; Tun et al., 1998, for reviews, see Chang & Brainerd,
2021; Gallo, 2010). Such findings indicate that older adults are less
likely to encode and retrieve item-specific information, that is, they
overrely on semantic–relational processing, at the expense of encoding
and maintaining information that is unique to single items (e.g.,
Koutstaal & Schacter, 1997). Interestingly, older adults also tend to
overestimate the veracity of theirmemory contents (e.g., Dodson et al.,
2007), by issuing a large proportion of false-memory judgments
with high confidence (e.g., Norman & Schacter, 1997). This indicates
that aging individuals not only misremember semantically related
information, but they also have difficulty correctly gauging the
contents of their memory (e.g., Greene et al., 2024).

Age differences in false remembering have also been investigated
by studies using sentential materials, as opposed to word lists (e.g.,
Failes et al., 2020; Gunter et al., 1992, 1995; Hartman & Hasher,
1991; Matzen & Benjamin, 2013), even though these studies are far
less consistent in their results, compared to previous DRM studies.
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For example, in an early study by Gunter et al. (1992), younger and
older adults showed comparable rates of false remembering for
predictable lures (e.g., “chips”) after encoding constraining
sentences that ended with an unpredictable word (e.g., “She
ordered fish and … dogs”). However, that and other studies may
have inadequately quantified age-related differences in false
memory, by only taking into account absolute rates of false
remembering. Such an approach is problematic because older adults
often show larger response bias in recognition tests than younger
adults, that is, a greater likelihood to endorse any kind of material as
old (e.g., Fraundorf et al., 2019).
A clear insight that emerges from the extant literature is that

memory declines are not universal in aging but malleable by encoding
strategies (e.g., Payne et al., 2014; Steen-Baker et al., 2017; Stine &
Hindman, 1994; Stine-Morrow et al., 1996, 2006). For example, Stine
and Hindman (1994) asked groups of younger and older adults to read
sentences that varied in propositional density for immediate recall. Even
though older adults recalled fewer propositions than younger adults did,
their recall performance for the more difficult dense sentences was
comparable to their recall performance for less difficult sentences, after
having allocated more time during initial encoding to read these more
difficult sentences. Hence, aging readers in that study allocated more
time to cognitively organize and encode more complex materials in a
possibly strategic manner to benefit their subsequent memory (i.e., a
task trade-off). Converging evidence for the notion of self-regulated
language processing in aging comes from studies showing that age
increases in false remembering are attenuated in paradigms that direct
attention to item-specific information, for example, when study words
are presented with accompanying pictures or when older adults are
instructed about the nature of the false-memory manipulation (e.g.,
Arndt & Reder, 2003; Koutstaal et al., 1999; Schacter et al., 1999;
Thomas & Sommers, 2005; among others). Hence, aging readers self-
regulate their sentence and text processing (e.g., Payne et al., 2014;
Stine & Hindman, 1994; Stine-Morrow et al., 1996, 2006, 2008).
In contrast to the false-memory literature, the extant literature on

recognition for sentence content (i.e., true memory) is more uniform
in showing that older adults’memory may be preferentially driven by
contextually matching compared to mismatching information (i.e., a
schema congruency effect in older adults; e.g., Badham et al., 2012;
Brod et al., 2013; Brod & Shing, 2019; Klever et al., 2023; Skinner &
Price, 2019). For example, studies using sentencematerials found that
memory retrieval of single words (e.g., “spray”) was preferentially
improved in older adults when the words were embedded in a
contextually predictive context (e.g., “Kill the bugs with spray” vs.
“Mary considered the spray”; e.g., Gordon-Salant & Fitzgibbons,
1997; also see McCoy et al., 2005). Hence, older adults’ memory
might rely more on schemas. Some researchers believe that this
reliance may be a consequence of older adults’ lifelong-accumulated
knowledge base, whichmay result in a diminished capacity to process
novel information (e.g., Shing et al., 2023). Others believe that the
schema congruency effect may be driven by a preference to encode
and review information that is known and familiar, rather than new
and possibly challenging (e.g., Carstensen et al., 1999;Mather, 2004).

The Present Study

We investigated age differences during initial reading of
predictable and unpredictable sentences and how these affect the
memory representations that younger and older adults create and

maintain (e.g., Kintsch et al., 1990). German participants who varied
in age read semantically rich, constraining sentences that continued
in a more or less predictable word. In a (surprise) word recognition
memory task that followed shortly after, participants were presented
with single words and had to indicate whether the words were old
or new and how confident they were with their response (i.e., using a
4-point response scale for sure new, maybe new, maybe old, and
sure old). Participants were not only presented with old predictable
and unpredictable words, which allowed us to examine age-related
differences in reliance on schema versus prediction error (e.g., Shing
et al., 2023), but they were also presented with predictable but
not actually presented words (i.e., “lures”), which allowed us to
investigate age-differences in false memory.

For self-paced reading, we expected to find a reduced predictability
effect in older compared to younger adults, consistent with the idea
that older adults use sentential context less readily than younger adults
(e.g., Noh & Stine-Morrow, 2009). For recognition memory, we
predicted that aging should increase reliance on semantic gist (e.g.,
Koutstaal & Schacter, 1997). This means that we expected to find a
larger false-memory effect for older than younger participants when
additionally taking into account response bias (i.e., more false alarms
to lures than to new nouns). For true (as opposed to false)memory, we
expected to find that older adults should be more likely to remember
schema-congruent information. Finally, in line with the notion of self-
regulated sentence processing (e.g., Payne et al., 2014; Stine &
Hindman, 1994), we expected to find a pattern of results where some
older readers achieve relatively high levels of memory performance,
in part by allocating disproportionately more time to text-based
processes.

Method

Participants

The study was run online (see below for details) in the time period
from July until October 2021. A total of 150 German participants
was recruited through social media and online platforms. Three
subjects were excluded before analysis (i.e., two subjects for
reading/writing disabilities, another subject for pausing the study
for more than 30 min between encoding and retrieval tasks). Four
subjects were excluded due to below 70% accuracy on the self-
paced reading (SPR) comprehension questions. Informed consent
was obtained from all participants. Ethics approval was granted
through the German Research Foundation, research project A5, The
Role of Language Experience and Surprisal In Learning and
Memory (Collaborative Research Center 1102, project-ID
232722074).

The final sample of participants consisted of 99 younger adults
(Mage = 27 years), recruited through Prolific (n = 49, 32 males,
17 females, Mage = 28 years, age range = 18–40) and an online
platform which advertises experimental studies to Psychology
students in exchange for course credit (n = 50, 16 males, 34 females,
Mage= 25 years, age range= 18–40). The older group of participants
was recruited through a Facebook website that promotes recent
findings in Psychology research to a lay audience. A total of 48 older
adults (39 males, nine females,Mage = 60 years, age range = 49–77)
was willing to participate. The final sample of participants reported
no history of reading or writing disabilities and/or taking
neuropsychiatric medication at the time of testing. All participants
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were White Europeans. Table 1 shows participants’ education
background.

Materials and Tasks

SPR Task

Materials for the SPR task consisted of 44 constraining German
sentence frames (e.g., “At the hospital, the nurse stitches up quickly
the…”), which continued in a relatively predictable (e.g., “injury”)
and relatively less predictable (but somewhat plausible) noun
(e.g., “pants”). All sentence frames and their nouns were taken
from an earlier study using German materials and were normed for
predictability in both younger and older adults (see Haeuser & Kray
2022b). Cloze probability rates for predictable nouns did not differ
between younger (M = 0.78) and older adults (M = 0.76), t(174) =
0.18, p = .86. All sentences were also normed for plausibility in
younger adults (see Haeuser & Kray 2022b). Table 2 shows
descriptive statistics for predictable and unpredictable nouns used in
the experiment.
All predictable and unpredictable sentences contained two- or

three-word sentence continuations after the noun that continued
the sentence in a plausible fashion (e.g., “im Zimmer nebenan,” “in
the room next door”; “um die Ecke,” “around the corner”; “am
Morgen,” “in the morning”), in order to allow for the measurement
of spillover effects that frequently occur in self-paced sentence
reading (e.g., Witzel et al., 2012). Note that the spillover region was
identical for predictable and unpredictable versions of an item.
The experimental sentences were presented in two lists using a

Latin square design, such that one participant was presented
with the predictable or unpredictable version of an item during
the experiment but not both. Each list additionally contained
25 moderately constraining filler sentences from the Potsdam
sentence corpus, which were included to ensure that participants
continued to generate predictions in the course of the experiment
(i.e., despite frequently having predictions disconfirmed; see e.g.,
Delaney-Busch et al., 2019; Fine et al., 2013). All experimental
(but not filler) sentences were followed by yes/no comprehension
questions, inserted to ensure that participants were reading for
comprehension. Comprehension questions were identical for
predictable and unpredictable versions of an item and mostly
probed information in the sentence context.

Noun Recognition Task

Materials for the recognition task consisted of 88 old nouns (i.e.,
previously seen predictable and unpredictable nouns in SPR),
44 new nouns (i.e., nouns not previously seen in SPR), and 44 lure

nouns (i.e., nouns previously predicted but not seen). A single
participant saw a total of 110 nouns in the recognition task, that is
44 previously seen old nouns (22 predictable, 22 unpredictable),
44 new nouns, and 22 lures (i.e., the lures from the 22 unpredictable
sentences seen earlier during encoding). New nouns were obtained
from a subset of German words in the movie subtitle database (i.e.,
SUBTLEX; Brysbaert et al., 2011), taking advantage of the fact that
the first letter in all German nouns is capitalized. In a previous step,
all nouns used in the experiment (i.e., all capitalized words in the
self-paced reading task and its practice session) had been excluded
from that noun list. The experimenters then chose new nouns that
roughly fell in the same frequency range as the old nouns. Old, new,
and lure nouns were matched with respect to frequency, F(2, 172) =
0.83, p > .05, but differed from one another in length, F(2, 173) =
3.66, p < .05, such that lure and old words were, on average, shorter
than new words, Welch’s t(71.52)=−2.78, p= .01, and t(171.15)=
3.01, p = .01, respectively. Note that our statistical analysis
controlled for these differences. Table 3 shows descriptive statistics
for nouns used over the three conditions: old, new, and lure.

All recognition nouns were presented on two experimental lists.
Only those participants who got to see the unpredictable version
of an experimental sentence during SPR were presented with the
predictable lure in the recognition task. Participants who got to see
the predictable version of a sentence during self-paced reading were
presented with the predictable lure, an old word during recognition.

Procedure

The study was run online using the experimental platform
LabVanced (Finger et al., 2017), a JavaScript web application
that allows for online implementation of behavioral research,
offering similar precision and data quality as traditional lab-based
testing (e.g., Finger et al., 2017). Participation was only possible
through a PC (Windows or Linux), Mac, or tablet; cell phone or
iPhone participation was disabled. The study consisted of three
major sections. The first section was a noncumulative word-by-word
self-paced reading task (∼15–20 min), followed by a brief retention
interval (∼5 min), in which participants solved simple math
problems. The math task served the primary purpose of clearing
participant’s short-term memory before they proceeded to the noun
recognition memory task. The third section of the experiment was
the noun recognition task (∼15 min). In its initial stages the study
also included a verbal fluency test (semantic and phonemic), which
we inserted to test vocabulary levels and linguistic control. The
verbal fluency task was removed after the study aired because most
of the older participants refused to consent to their voice being
recorded when entering the study.

Table 1
Participants’ Education Background

Group No higher degree High school degree University degree

Psychology students 0 49 1
Prolific sample 5 13 31
Older adults 17 14 17

Note. We are using “high school degree” as an approximation to refer to participants who had completed
the German Abitur, that is, the entry-level exam that qualifies people to study at German universities.
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In the self-paced reading task, participants read the experimental
sentences on a screen word by word. Each word was only displayed
once and was not replaced by dashes later on (i.e., there was no
mask, no moving-window reading). Each word was presented in the
center of a white screen using Lucinda 18-point font and stayed on
the screen until participants pushed the space bar, which revealed the
next word in the sentence. Participants were instructed to read the
sentences as quickly and thoroughly as possible and to answer all
comprehension questions as accurately as possible by pushing the
“S” (yes, correct) and “L” (no, incorrect) keys on the keyboard. The
experimental task was preceded by 10 practice sentences, which
made sure that participants could get used to the word-by-word
reading task.
In the noun recognition memory task, participants saw single nouns

appear on the screen in a central position using a Lucinda 18-point
font, separated by a central fixation cross displayed for 5,000 ms.
Participants were instructed to hover their middle and index fingers of
each hand over the S, D and J, K keys on the keyboard. They were
instructed to press the S or D key whenever they thought that a word
was “sure new” or “maybe new” and to press the J or K key for all
“maybe old” and “sure old”words (i.e., S= sure new,D=maybe new,
J = maybe old, K = sure old). Figure 1 shows the response scale.
Participants were instructed that they did not need to memorize

the keys combinations, because every trial contained a schematic
display of the response options (SD, JK) and what they represented,
at the bottom of the screen. Participants were instructed to respond
to each word as quickly and accurately as possible. About two thirds
of all participants completed the experiment within 24–40 min
(average finish time = 36 min).

Data Analysis

Results for theword-by-word self-paced reading task and subsequent
word recognition task are reported in two separate sections; we also
report results from models that directly related encoding times to
subsequent memory retrieval.
To statistically analyze the reading and recognition data, we ran

linear mixed-effects models (Baayen et al., 2008) as specified in the
lme4 library (e.g., Bates et al., 2015) in R (R Core Team, 2022;
Version 3.6.2), which were run on unaggregated trial-by-trial data.
In order to better account for the continuous distribution of ages in
our participants (see above), we used age as a continuous variable in
all statistical analyses, for which linear mixed-effects models are
well-suited (e.g., Baayen et al., 2008; Winter, 2019). Only for
graphs, we used a categorical variable for age group, which was
based on a median split of the continuous age variable.1

All models included random intercepts for subjects and items and
were initially fit with the fullest by-item and by-subject random
slope structure warranted by the design (i.e., “maximal”model; Barr
et al., 2013). In the case of convergence warnings, models were
simplified progressively using the least variance approach (e.g.,
Barr et al., 2013); p values were calculated using the R package
lmerTest (Kuznetsova et al., 2017). Predictors that did not contribute
substantial variance were removed from the model by means of
model comparisons.
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1 We replicated all analyses reported belowwhen using the binary variable
for age group.
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Transparency and Openness

All de-identified data files, analysis scripts (R code), and sentential
and recognition materials can be found on this article’s project page.
We report measures of sentence reading and recognition memory.
We exclude data points based on unnaturally short and long reaction
times. We exclude participants based on low accuracy rates during
sentence reading and abnormally low recognition memory perfor-
mance. All data exclusions are disseminated in the article.
The study was not preregistered. There were no a priori power

simulations, due to the known issues in accurately predicting
random effects and slope parameters in linear-mixed effect models
(e.g., Brysbaert & Stevens, 2018). According to power standards for
aggregated data analysis techniques (e.g., analysis of variance), the
present study had 80% power to detect a large effect in recognition
memory (i.e., Cohen’s f = 0.51).

Results

Self-Paced Reading

Comprehension Accuracy

We first inspected accuracy rates on the SPR comprehension
questions. Four participants had accuracy rates below 70% and, thus,
were excluded from further analysis (two subjects from the young-
adult group and two from the old-adult group). On average, the
remaining participants responded to the comprehension questions
very accurately (M = 0.91, range = 0.73–1). We subjected the
comprehension accuracy data to a 2 (i.e., Older–Younger Adults)× 2
(i.e., Predictable–Unpredictable Items) analysis of variance. The
results showed a significant main effect of group, F(1, 45) = 4.26,

p = .04, such that older adults (Maccuracy = 0.90) responded less
accurately to the comprehension questions than younger adults (M =
0.92), Welch’s t(89.41) = 2.04, p = .04. There was no main effect
of predictability, F(1, 145) = 1.95, p = .16, and no interaction
between predictability and age group, F(1, 145) = 1.13, p = .29.
Thus, participants of all ages understood predictable and unpredict-
able sentences accurately, but older adults seemed to understand and
maintain less information from the sentences, compared to the
younger adults. We return to this point below.

Reading Times

The main analysis of the self-paced reading data is available as
an R-script on this article’s Open Science Framework (OSF) page
(file name: SPR_MainAnalysis.R). The critical region for statistical
analysis of the reading time (RT) data consisted of the predictable
and unpredictable noun, as well as the two words immediately
following the noun to catch spillover effects common to word-by-
word self-paced reading (i.e., the noun; the first word after the noun,
N + 1; and the second word after the noun, N + 2). We fit separate
models for each word in the critical region. The dependent variable
was reading times, log-transformed to avoid skewness.2 Fixed effects
were predictability (two levels: predictable vs. unpredictable), sum-
coded to allow for interpretation as main effect (cf. Brehm & Alday,
2022; Schad et al., 2020;Winter, 2019), and age, a scaled continuous
variable (i.e., centered and standardized), as well as the interaction
between predictability and age. We also implemented a control
variable for education, given the sample differences in this variable
(see Table 1). Education was included as a binary variable (i.e.,
individuals with lower and higher education, sum-coded with −1 and
1), since preliminary analyses had shown no RT differences between
individuals with no higher degree and high school degree, but
substantially facilitated reading in individuals with university degree.
Additional control predictors in eachmodel consisted of trial number to
offset effects of customization (i.e., speed-up effects over time that
commonly occur in self-paced reading experiments; e.g., Witzel et al.,
2012), word position in the sentence, word frequency (i.e., log-per-
million frequency values from themovie subtitle database; Brysbaert et
al., 2011), and word length. Initially, we also included a control
predictor for scaled reading times of the previous word, but since the
inclusion of this variable led to multicollinearity with the predictor
predictability in models Noun + 1 and Noun + 2, it was dropped. We

Table 3
Descriptive Means (and Standard Deviation) of Nouns Used in the Recognition Task

Condition Length (N characters) Frequency (SUBTLEX-DE) Concreteness (scale = 1–9)

Old 6.08 (2.16) 2.63 (0.68) 2.19 (1.03)
New 7.00 (1.90) 2.74 (0.02) 3.09 (2.04)
Lure 5.86 (2.36) 2.74 (0.72) 2.13 (0.95)

Figure 1
Response Scale in the Recognition Memory Test

Note. See the online article for the color version of this figure.

2 We also ran follow-up models on de-logged reading times. The rationale
for these models was that age differences often emerge in the rightward tail of
an RT distribution, which log-RTs inevitably “hide” (e.g., Jongman et al.,
2023; Payne & Federmeier, 2017). Qualitatively though, the de-logged
models showed the same effects as the log-models, though the age-related
speed up was less pronounced in the de-logged models. We chose to report
log-RT models in our main results as they are better suited for our chosen
analysis method, that is, linear mixed-effects models.
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did not include concreteness as a control variable because concreteness
norms were only available for a small subset of our items.
All continuous control predictors, except for frequency (which is

log-transformed), were scaled. Before analysis, RT data were trimmed
minimally based on visual inspection of the data, by excluding RTs
shorter than 200 ms (across words) and longer than 2,500 ms (for the
noun; 1,500 ms and 2,000 ms, respectively, for the first and second
word after the noun). This procedure affected fewer than 1%of all data
points. Table 4 shows final model outputs. Figure 2 shows a partial
effects plot.
Noun. There was a significant effect for age (p = .05; see

Table 4), which suggested that, unexpectedly, older individuals
read more quickly than younger individuals. The main effect of
predictability and the interaction between predictability and age
were not significant (p = .31 and p = .60, respectively).
Noun+ 1. Themodel showed amain effect of predictability (p=

.002), suggesting slowed reading comprehension for unpredictable
items, irrespective of age. The main effect of age was not statistically
significant (p = .09). The interaction between predictability and age
was not significant (p = .19).
Noun + 2. There was a significant effect of predictability (p <

.001), indicating prolonged reading times for unpredictable over
predictable items. The main effect of age was not significant in this
model (p = .23). The interaction between predictability and age was
also not significant (p = .35).
In sum, analysis of the self-paced reading data showed two key

findings: First, unpredictable words slowed reading comprehension
in an age-invariant manner, suggesting that participants of all ages
experienced integration difficulties when reading nouns that were
unpredictable based on context. As is common in self-paced reading
(e.g., Witzel et al., 2012), predictability effects were delayed and did
not emerge directly on the critical noun but only on the spillover
region. Second, and unexpectedly, older adults seemed to read more
quickly than younger adults.

Age Differences in Reading Rates Based on Reading
Differences in the Young-Adult Sample

Given the visible differences in reading rates between the two
young-adult samples recruited for this study (see Figure 2), we
investigated whether our findings were modulated by systematic
differences in reading rates between participants recruited over Prolific
and Psychology students (the R code for this analysis is included in
the OSF page of this article; file name: SPR_FollowUp.R).3 We
reanalyzed the self-paced reading data with a grouping variable for the
three participant groups, that is, the student sample, young-adult
Prolific sample and older sample.Models identical to those in themain
Results sectionwere run separately for eachword in the critical region,
but instead of implementing the scaled continuous variable for age, we
now used a three-level factor for participant group (Helmert coded) in
which we compared, in a first contrast, the Prolific sample against the
Psychology student sample, and, in a second contrast, the older sample
against the Prolific sample.
The results are easily summarized: First, in all models, younger

adults recruited over Prolific read considerably more quickly than
the sample of the young-adult Psychology students (all p’s< .05; see
Figure 2). Second, when we selectively compared the older sample
to the Prolific sample, the older adult speed up in reading times
disappeared: Across models, there were no differences in reading

rates between the older adults and the sample of Prolific workers (all
p’s > .20; see Figure 2).

In sum, it seems that the unexpected speed-up in older adults’
reading times was driven by a relatively more slowly reading
subsample of younger adults. A remaining possibility is that older
adults gained their initial reading speed at the expense of accurately
encoding sentences into memory. A first indication attesting to this
possibility are the SPR sentence comprehension questions (see
above), which had shown less accurate comprehension in older
compared to younger adults. To garner more empirical support for
this hypothesis, we now to turn to the results from the recognition
memory test.

Noun Recognition Memory

The recognition memory results for the two groups of younger
adults (i.e., Prolific workers and Psychology students) did not differ
from one another statistically (except where specified; see below), so
we combined the data from all age samples, again using the scaled
continuous variable for age in models on recognition memory. For
full disclosure, plots and summary statistics are reported for the
three samples. The analysis files are available on this article’s OSF
repository (file name: Recognition_MainAnalysis.R).

Four participants (aged 30, 52, 63, and 76) were excluded from
all following analyses because they had a higher false alarm than hit
rate. Our main analysis below examines false and true recognition
memory by means of effect coding, which takes into account
differences in response bias. Age-related differences with respect
to discrimination between old and new items is included in this
analysis. Results from an additional analysis that examined d′ and
the criterion shift measure c aligned with our main results and are
presented in the Supplemental Material of the article.

To statistically analyze the recognition data, we ran generalized
linear mixed-effects models. Prior to analysis, recognition judgments
faster than 200 ms and slower than 10,000 ms were removed, which
affected less than 1% of all data points. The measured variable were
trial-by-trial old judgments, that is, whether a word was judged as old
or new (coded in 1s and 0s). For previously seen (old) nouns, old
judgments reflect hits. For lures and new items, old judgments reflect
false alarms. Fixed effects in the model were word type (four levels:
old-predictable, old-unpredictable, new, and lure; see below for
contrast coding), the scaled (i.e., centered and standardized)
continuous variable for age, and confidence (low vs. high, sum
coded with −1 and +1). The model also contained scaled control
predictors for word length, log-per-million frequency from the movie
subtitle database (Brysbaert et al., 2011), and trial number.We did not
include education as a control variable in this analysis, because it did
not account for substantial variance in the data.4 To facilitate model
convergence, we used the Bobyqua optimizer. For the predictorword
type, we set up three contrasts, following the procedure described in
Schad et al. (2020).

3 We also investigated whether age effects in reading rates were
additionally modulated by educational attainment. This analysis showed
no effects and is presented in the online supplement of this article.

4 We investigated if recognition rates were additionally modulated by
individual differences in education and report these analyses in the online
supplement of the article. Overall, the results showed no effects of interest.
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The first contrast old-versus-new (not part of our initially
motivated hypotheses) served as a manipulation check, as it
measured whether our participants successfully discriminated
between old and new items. If discrimination is successful, hit
rates to old items should be higher than false-alarm rates to new
items. To the extent that younger and older adults show different
discrimination rates for low- and high-confidence judgments (e.g.,
Dodson et al., 2007), this effect should be modulated by age and
confidence.
The second contrast lure-versus-new measured false-memory

effects by comparing false alarms for lures against false alarms to

new items. If predictable words elicit false-recognition memory,
false alarm rates to lures should be consistently higher than those to
new words. In line with previous studies using the DRM paradigm
(e.g., Norman & Schacter, 1997), this effect may also be modulated
by age and confidence, such that older adults demonstrate larger
false-memory effects in high-confidence judgments.

The third contrast (i.e., unpredictable vs. predictable) measured
effects of schema congruency versus prediction error, by comparing
hit rates for predictable nouns to those of unpredictable nouns. If
learning is preferentially driven by schema congruency in older
adults, aging might increase hit rates for predictable nouns.

Figure 2
Partial-Effects Plot of Reading Times (ms) in the Self-Paced Reading Task

Note. The graph shows age as a categorical predictor with three levels corresponding to the three participant groups; all
statistical models were run with the scaled continuous variable for age. The graph also shows untransformed (de-logged) reading
times. All statistical analyses were run on log-transformed reading times.

Table 4
Effects of Predictability and Age on Reading Times in the Critical Region

Predictor

Noun Noun + 1 Noun + 2

b SE t b SE t b SE t

Fixed effects
Predictability 0.004 0.004 1.02 0.01 0.004 3.03 0.02 0.004 4.64
(Continuous) age −0.06 0.03 −2.01 −0.04 0.02 −1.70 −0.03 0.03 −1.30
Frequency −0.01 0.01 −0.62 −0.003 0.02 −0.21
Length 0.02 0.01 4.38 −0.001 0.02 −0.21 0.08 0.07 10.56
Word position −0.001 0.002 −0.01 0.01 0.003 3.48 0.01 0.003 2.21
Trial number −0.06 0.004 −13.75 −0.05 0.004 −11.77 −0.05 0.004 −12.01
Education −0.05 0.03 −1.98 −0.06 0.02 −2.54 −0.07 0.03 −2.78
Predictability × Age 0.002 0.004 0.53 −0.01 0.004 −1.32 −0.003 0.003 −0.93

Random effects (variance)
Subject 0.11 0.07 0.08
Predictability 0.001 0.001 0.001
Item 0.001 0.002 0.002
Predictability a a a

Age 0.001 0.001 0.001
Predictability × Age a a a

Note. The predictor frequency was removed from the Noun + 2 model, as frequency estimates for the words in this region were only available for half of
our experimental items. t values larger than 2.0 are significant at the .05 level. SE = standard error.
a Indicate predictors that were removed from the model due to convergence issues.
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Results

The final model converged with by-subject and by-noun random
intercepts and by-subject random slopes for confidence. A partial
effects plot of the model is presented in Figure 3.
For the contrast old-versus-new (i.e., true recognition memory): The

model showed a significant three-way interaction between the contrast
old-versus-new, age, and confidence (b=−0.11, SE= 0.05, z=−2.16,
p= .03). Figure 3 indicates that this effect was predominantly driven by
high-confidence judgments, where older adults showed less successful
discrimination between old and new items. Follow-upmodels that split
the data by low- and high-recognition judgments confirmed this
impression, though the interaction between old-versus-new and scaled
age did not quite reach statistical significance in the model for the high-
confidence judgments (b = −0.12, SE = 0.08, z = −1.51, p = .13;
interaction old-vs.-new and age in low-confidence judgments: b= 0.09,
SE = 0.06, z = 1.49, p = .14; high-confidence judgments). There were
no significant differences in old–new discrimination between the two
young-adult samples (z = 1.71, p = .09). Altogether, these findings
indicate that participants of all age groups discriminated relatively
successfully between old and new words, even though aging reduced
successful discrimination in high-confidence judgments (for converg-
ing results using d′ and c, see Online Supplement).
For the contrast lure-versus-new (i.e., false-recognition memory),

the model showed a significant three-way interaction between lure-
versus-new, age, and confidence (b = 0.30, SE = 0.06, z = 5.24, p <
.001). Follow-up models, in which we split data by confidence,
suggested that the effect was primarily driven by high-confidence
memory judgments: Specifically, aging increased the false-memory
effect in high-confidence judgments (interaction between lure-vs.-
new and age in high-confidence judgments: b = 0.77, SE = 0.09,

z = 8.11, p < .001), whereas in low-confidence judgments, the main
effect of lure-versus-new (b = 0.90, SE = 0.11, z = 8.45, p < .001)
was not additionally modulated by age (interaction between lure-vs.-
new and age in low-confidence judgments: b = 0.05, SE = 0.07, z =
0.76, p= .45). The young-adult Prolific sample showed a larger false-
memory effect than the Psychology student sample (interaction lure-
vs.-new and Prolific vs. Psych students: b= 0.35, SE= 0.13, z= 2.83,
p < .01; note that absolute false alarm rates to lures were relatively
similar in the two young-adult samples, see Figure 3). Hence,
participants of all ages experienced a 0strong false-memory effect for
predictable lure. However, aging increased the false-memory effect
selectively in high-confidence judgments, which could indicate that
older adults are more prone to high-confidence memory intrusions, in
line with previous research (e.g., Dodson et al., 2007). We confirmed
these impressions in a follow-up analysis that compared age-related
differences in the proportions of responses that participants allocated
to each memory bin (i.e., sure new, maybe new, maybe old, sure
old; see Supplemental Material of this article). In that analysis, older
adults allocated proportionally more old responses than younger
adults to lures with high confidence (i.e., sure old judgments), but they
allocated fewer low-confidence maybe old responses. This demon-
strates an age-related shift from low- to high-confidence false-
memory judgments.

For the contrast old-unpredictable versus old-predictable, the
model showed a significant two-way interaction between old-
unpredictable versus old-predictable and age (b = −0.21, SE = 0.08,
z = −2.66, p < .01). This effect was not additionally modulated by
confidence (three-way interaction between old-unpredictable vs. old-
predictable, age, and confidence: b = 0.002, SE= 0.08, z = 0.03, p =
.98). This shows that, irrespective of confidence, aging increased
hit rates for previously seen predictable, compared to unpredictable,

Figure 3
Partial Effects Plot of Old Judgments in the Recognition Memory Task

Note. All statistical analyses were run using the scaled continuous variable for age. Error bars represent standard error (SE)
Lure = previously predictable but not presented noun; New = new noun; Predictable/Unpredictable = previously presented
predictable or unpredictable noun. See the online article for the color version of this figure.
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nouns—in other words, there was a schema congruency effect in
older but not younger adults. Of note, we ran two follow-up models
on old items, in order to investigate whether the schema congruency
effect in older adults was modulated by previous reading times and,
possibly, comprehension accuracy rates during SPR. The results
showed that neither was the case (main effects: z= 1.73, p = .83, and
z = 1.19, p = .24, respectively; three-way interaction between
reading times/comprehension accuracy and condition and age: z =
−0.59, p = .55 and z = 0.53, p = .61, respectively).
In sum, the data from the recognitionmemory test showed three key

findings. First, participants of all ages showed a false-memory effect
for predictable lures, across confidence judgments (see Figure 3),
but aging increased rates of false remembering specifically in high-
confidence judgments, where older adults’ rates of false remembering
approached their rates of true remembering. In line with this, aging
also attenuated successful discrimination between old and new items
in high-confidence judgments. Third, irrespective of confidence,
aging increased hit rates for predictable versus unpredictable words.

Exploratory Analysis: Relating Previous Reading Times
to Recognition Memory

Our main analysis on recognition memory did not allow us to
include previous encoding RTs during self-paced reading (as a
predictor, because encoding RTs are not specified for newwords). To
more directly relate encoding RTs to memory performance, we
present an exploratory analysis that investigated whether false-
recognition memory rates were related to previous reading times of
prediction-disconfirming sentence continuations. Specifically, we
investigated whether false-recognition judgments to lures were
modified by the speed with which participants read the prediction-
disconfirming critical region for that item during encoding. To use an
example, we speculated that prolonged reading of “At the hospital
the nurse stitches up quickly the girl in the room next door” may
more readily suppress false memories for “injury.”We expected that
older adults may be particularly likely to benefit from longer reading
times as they are known to more readily self-regulate their encoding
(Stine & Hindman, 1994). We operationalized encoding RTs as a
composite score, which was specified as the average RT of the
spillover region after the noun (i.e., Noun + 1 and Noun + 2 words),
as only the spillover region had shown clear predictability effects
during reading.5 In the event of missing reading time values (i.e.,
reading time observations that were removed as outliers), the
composite score was computed as the mean of the remaining cells
(see R-File Exploratory_Analysis.R on OSF). The outcome variable
in the model were old judgments to predictable lures. Predictor
variables were scaled age, and the scaled composite score for RTs of
the prediction-disconfirming sentence continuation for the same
item, including the interaction between the two.6

Critically, the interaction between age and previous reading speed
was significant in the model (b = −0.14, SE = 0.05, z = −2.70, p <
.01). Figure 4 suggests that, whereas false-memory rates in younger
adults were not apparently modulated by previous reading times (see
panels for Psychology students and Prolific workers), false-memory
rates in older adults were: Those older adults who read the
unpredictable sentence continuations more slowly during self-paced
reading showed reduced rates of false remembering for predictable
lures. Follow-up models, in which we split the data by age group,
confirmed these visual impressions: Previous reading times were a

significant predictor of false-memory rates in older, but not younger,
adults (b = −0.24, SE = 0.13, z = −1.93, p = .05, and b = −0.03,
SE = 0.06, z = −0.53, p = .59, respectively). Taken together, this
suggests that false remembering of lures was attenuated in older
adults who read prediction-disconfirming sentence continuations
more slowly.

Summary of Findings From Self-Paced Reading and
Word Recognition Memory

During self-paced reading, participants of all ages incurred a
processing cost when reading unpredictable sentence continuations.
Crucially, older adults read the SPR sentences as quickly as the
young-adult Prolific sample, and even more quickly when compared
to the slow-reading Psychology student sample. However, the older
participants’ initial reading speed seemed to come at the expense of
encoding sentences correctly into memory: Older adults maintained
less information about the sentences in short-term memory (as
illustrated by their reduced accuracy on the SPR comprehension
questions) and also showed declines in long-term recognition
memory. Not only did older participants show a false-memory effect
for predictable lures that was nearly twice the size of the false-
memory effect found for younger participants, but older adults also
discriminated less successfully between previously seen, old, and
previously not seen, new, words. Both findings were more likely to
emerge in high-confidence judgments, and in line with this, older
adults issued proportionally more high-confidence old judgments
than younger adults did. This indicates that, in addition to
understanding the sentences less distinctly than younger adults,
older participants were more prone to misjudge the veracity of their
memory contents. Altogether, these findings could indicate that
older adults gained their initial reading speed at the expense of
accurately encoding sentences into memory, which resulted in
memory declines in both short- and long-term. However, those older
participants, who spent more time reading unpredictable sentence
continuations showed lower levels of false memory for predictable
lures. Finally, and in line with previous findings, older adults
showed a schema congruency effect, that is, better recognition
memory for predictable compared to unpredictable words.

Discussion

We investigated age differences during initial reading of
predictable and unpredictable sentences and how these affect the
memory representations that younger and older adults create and
maintain (e.g., Kintsch et al., 1990). German participants of varying
ages read predictable and unpredictable sentences for comprehen-
sion. A subsequent recognition memory task tested participants’
recognition memory for words that may have been predicted during
reading but were not actually presented (i.e., false-recognition
memory for lures). Their recognition memory was also probed for
previously seen (i.e., old) predictable and unpredictable words (i.e.,

5 We also ran a follow-up model with a composite score that included all
words in the critical region (i.e., noun, Noun + 1 and Noun + 2). That model
showed the same results as reported below.

6 We dropped confidence from this analysis because the three-way
interaction between age, confidence, and encoding RT did not reach
statistical significance (z= 0.51, p= .61); neither did the two-way interaction
between encoding RT and confidence (z = −0.75, p = .45).
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true recognition memory) and how confident participants were
with their recognition judgments. Overall, our results illuminate a
complex pattern of age-related decline and reserve. Older adults
encoded fewer propositional details of sentences during initial
reading, and they showed poorer memory discrimination and strong
increases in gist-wise false remembering later on. At the same time,
allocating more time during initial reading of sentences buffered
some of the memory deficits in old age. We unpack our findings for
younger and older adults, as well as their implications, in greater
detail below.

How Sentence Comprehension Affects Recognition
Memory in Younger Adults

The data in the present study clearly show that sentence
comprehension has effects that extend beyond the immediate
moment. Specifically, we found that sentence comprehension can
elicit false remembering: Participants were more likely to false
alarm to words that were congruent with, and predictable from (e.g.,
“lawn”), previous sentence context (e.g., “Yesterday, our friendly
neighbor mowed for us the courtyard”). This kind of “false
memory” effect was much larger than would be expected based on
baseline levels of false remembering alone, as reflected in incorrect
endorsements of new words. This aspect of our findings confirms
and extends previous research on English-speaking young-adult
individuals (e.g., Chung & Federmeier, 2023; Hubbard et al., 2019;
Rich & Harris, 2021; Rommers & Federmeier, 2018a) and allows
for at least two interpretations regarding the cognitive mechanisms
that give rise to this effect. One possibility is that false-recognition
memory is caused by association or prediction during sentence
comprehension, that is, participants preactivated predictable words
when reading the sentence context. The predicted words then
remained active in memory and elicited false remembering
during the subsequent recognition task (e.g., Hubbard et al.,
2019; Rommers & Federmeier, 2018a). Another possibility is that
the false-memory effect is generated more downstream during word

recognition, where the predictable lure reinstates the sentence
context by means of semantic association, eliciting familiarity and
reminding participants of the sentence they had read previously.
Our current data cannot adjudicate between these two accounts.
However, we do note that one aspect of our young-adult data seems
inconsistent with a strong “prediction” interpretation of the false-
memory effect: The fact that there was no apparent relationship
between the speed with which younger adults read unpredictable
items and their false-memory rates later on. To the extent that
prolonged reading times reflect integration of unpredictable
nouns into the sentence context and possibly discarding of initial
predictions, one would have expected such a relationship to surface.
We are currently running follow-up experiments that will hopefully
help adjudicate between these two interpretations of the false-
memory effect.

A second goal of the present study was to investigate what pro-
motes successful recognition memory—mismatch or congruency with
accumulated knowledge about the world (i.e., schema congruency vs.
prediction error; Clark, 2013; Fitz & Chang, 2019; Henson &
Gagnepain, 2010). However, the young-adult data in the present study
showed no clear effect in either direction. A possible explanation could
be that behavioral recognition tasks (such as the one used here) may
not be sufficiently sensitive to test the potentially subtle effects elicited
by schema congruency versus prediction error in young-adult subjects.
For example, a recent study on English-speaking young adult
participants found clear predictability mismatch effects in a time-
sensitive measure such as event-related potentials but not in a
behavioral recognition memory task (Rommers & Federmeier,
2018b). Another possible explanation could be that younger adults
require very large “pop-up” or novelty effects in order to facilitate
learning, such as severe violations of world-based and event-based
plausibility, as has been reported in the literature (e.g., DeLong et al.,
2014; Haeuser & Kray, 2022b; Kuperberg et al., 2020; Van de
Meerendonk et al., 2010). The prediction-incongruent nouns in the
present may have been too subtle (and too plausible) to elicit such kind
of an effect.

Figure 4
Reading Times of Prediction-Disconfirming Sentence Continuations Plotted Against
False-Memory Rates for Lures

Note. The figure was generated by aggregating data over items; one point is one subject. The
statistical analysis was run on the by-item data. RT = reading times.
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Age-Related Differences in Sentence Comprehension and
Recognition Memory

Much like in earlier research, older adults in the present study
slowed down when reading unpredictable sentence continuations.
The processing costs associated with encountering unpredictable
sentence continuations were relatively similar for younger and
older adults, which supports earlier behavioral research showing
that older adults are able to use constraining sentence contexts to
facilitate word processing (e.g., Light et al., 1991, 1992; Stine-
Morrow et al., 1996). A surprising finding in this study was that
older adults read as quickly, if not more quickly, than younger
adults. However, aspects of our data show that the unexpected
speed-up in older participants may have come at the cost of
accurately encoding sentences into memory. Not only did older
adults show less accurate comprehension of the sentences, as
indicated by the behavioral comprehension questions that followed
at sentence offset, but older adults also showed poorer long-term
memory performance than younger adults, both with respect to an
increase in false memory for predictable lures and with respect to
successful discrimination between old and new information. Hence,
older participants achieved younglike performance during initial
reading of sentences, but their speed seemed to come at the
expense of accurately encoding sentences into memory. In line
with this, those older adults who read prediction-disconfirming
sentence continuations more slowly showed attenuated rates of false
remembering—either because they allocated more time to build
message-level information from unpredictable sentences (i.e., akin
to showing a stronger prediction mismatch effect) or because they
generally attended to the sentences more carefully (Craik &
Lockhart, 1972). Our current data do not fully allow us to adjudicate
between these two accounts: On the one hand, a prediction cost
explanation seems unlikely, since a follow-up analysis that
estimated false alarm rates to lures depending on per-subject
prediction costs (i.e., a subjects’ average RTs in the unpredictable
minus the predictable condition) showed no effects. On the other
hand, a strong “attention” explanation also seems unlikely, since hit
rates in the recognition memory task were not apparently modulated
by previous reading times.
Our findings from initial reading and recognition memory could

indicate a task trade-off between reading and memory performance
in older adults, as is reported quite frequently in the aging literature
(e.g., Häuser et al., 2018; Stine & Hindman, 1994). We
acknowledge that a conscious or deliberate task adaptation strategy
seems unlikely, since participants in the present study were not
explicitly instructed that their memory would be tested.7 But the
present study did instruct participants to read the initially presented
sentences as quickly as possible. It is possible that the older adults
took this instruction a little too far, compared to the younger
adults—in other words, the older adults read too quickly to maintain
detailed information about the sentences. This, in turn, decreased
their comprehension accuracy rates during reading, lowered their
old–new discrimination rates during recognition, and ultimately,
increased rates of false remembering (e.g., Failes et al., 2020;
Norman & Schacter, 1997; Tun et al., 1998). Noteworthy here is
that previous studies using sentence materials have shown relatively
inconsistent effects of associative false remembering in old age
(e.g., Gunter et al., 1992; Hartman & Hasher, 1991). However, few
of these studies used rich, semantically constraining sentences like

we did here. Clearly, the present data show that longer and strongly
predictive sentential contexts seem to increase rather than alleviate
false-memory rates in aging.

As to the potential reasons for increased rates of false
remembering in aging, previous studies have proposed several
explanations. One explanation is that older adults rely more on gist-
wise encoding in daily situations, such that they maintain the
semantic essence of episodes but little item-specific information
(e.g., Balota et al., 1999; Koutstaal & Schacter, 1997). This age-
related increase in reliance on gist then increases rates of false
remembering for meaning-related material. Another possibility is
that storing and retrieval operations are, in principle, intact in older
adults but that aging individuals “lose” more information along the
way due to age-related declines in working memory and episodic
monitoring (i.e., cognitive control; Braver & Barch, 2002) or
possibly because they fail to inhibit previously generated predictions
during reading (e.g., Failes et al., 2020; Rogers et al., 2012).

Interestingly, older adults in the present study were more prone
than younger adults to misjudge their memory contents: They
allocated more high-confidence old judgments to predictable lures
than younger adults, mirroring past studies (e.g., Failes et al., 2020;
Tun et al., 1998). In addition, older adults in the present study
were also more likely to incorrectly discriminate old and new
words in high-confidence judgments and less so in low-confidence
judgments. These findings illustrate the paradoxical relationship
between memory accuracy and memory confidence that is often
found for aging individuals (e.g., Dodson et al., 2007; Greene et al.,
2024). Normally, one would expect that individuals who know
about their memory declines (such as older adults) are aware that
their memories are more impoverished, relative to those of young
adults, and that they should take this impoverishment into account
by very rarely expressing high confidence. That is, older adults
should “downregulate” (Greene et al., 2024) their retrospective
confidence ratings, and only express high confidence in situations
where they are likely to be accurate. Vice versa, one would expect
that high-confidence memory judgments in such individuals, when
issued, would likely be correct most of the time. The fact that
neither is the case shows that older adults have difficulty calibrating
their confidence to their observed memory abilities (e.g., Dodson
et al., 2007; Greene et al., 2024). Hence, older adults are poor
subjective judges of their own memories.

With respect to recognition memory for predictable versus
unpredictable words, the older adults in this study showed better
remembering for contextually predictable compared to unpredict-
able words. This fits with the previous aging literature that has
attested to larger schema congruency effects in aging (e.g., Badham
et al., 2012; Brod et al., 2013; Klever et al., 2023; Naveh-Benjamin,
2000) and larger predictability effects in aging (Choi et al., 2017).
The underlying mechanisms for this effect are not fully understood,
but one hypothesis is that older adults perceive their time as more
limited than younger adults, and they consequently strive to spend
more time with reviewing known information or positive content
rather than gaining new information (i.e., theory of socioemotional
selectivity, see Carstensen et al., 1999; Mather, 2004). For example,
older adults have better recognition memory for positively,

7 We investigated the possibility that older adults adopted a task
adaptation strategy by investigating interactions between age, predictability,
and trial number in the self-paced reading task. No interactions surfaced.
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compared to negatively, valenced information (e.g., Charles et al.,
2003; Fung & Carstensen, 2003). Such findings could suggest that
aging reduces the willingness to engage in unknown experiences or
negative emotions (i.e., “why get angry now?”) and enhances the
appreciation of known and positive aspects of life.

Limitations

The older adults recruited for this study were younger compared
to other old-adult samples in the extant literature (e.g., Fraundorf
et al., 2019). They were also less disadvantaged in terms of reading
speed as previous studies on old-adult populations have suggested
(e.g., Kemper & Liu, 2007; Rayner et al., 2006). Even though
we can probably exclude educational attainment as a possible driver
of this effect (see Supplemental Material), it is possible that other
cognitive variables in older adults, such as higher levels of print
exposure or larger vocabulary levels, moderated the effect. It is a
clear limitation of the present study that we could not account for
possible influences of these other variables. The fact that the older
adults recruited for this study participated from a website that
promotes Psychology research clearly indicates high levels of
intellectual curiosity in this sample. It remains to be seen if our
current results generalize to other old-adult samples.

Conclusion

When encoding sentences or text, readers create memory
representations on multiple linguistic levels, for example, a surface
level (i.e., word form) and a meaning representation level (e.g.,
Kintsch et al., 1990). The current findings add to our understanding
of how aging impacts the memory representations that become
created on the fly, how these representations are stored in long-term
memory, and to what extent memory representations are influenced
by different sentence and text processing strategies. While aging did
not preferentially change integration costs during self-paced reading,
older adults were more likely to encode gist-wise representations of
text. This increased their memory for schema-congruent information,
but it also increased false remembering. Nevertheless, rates of false
remembering were attenuated in those aging readers who allocated
more time to encode sentences on the fly. Together, our findings
show that older adults represent text as a gist-wise approximation and
that resource allocation during reading determines the accuracy of
this representation. Future studies need to substantiate these findings
with a more norm-typical sample of older adults.
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