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Abstract

Whether the cognitive processing mechanisms of reading undergo only quanti-
tative changes or also qualitative changes with aging constitutes an important
issue in the field of lifespan development research. To achieve effective language
processing, readers must integrate existing experiential knowledge and current
context to engage in predictive processing of upcoming information. Therefore,
addressing the aforementioned issue requires answering how the predictive pro-
cessing mechanisms change in older adults’ reading, namely, how prediction
error cost is generated. This study intends to employ synchronous eye-tracking
and EEG recording technology to acquire real-time behavioral and neural in-
dices of language processing during natural reading, focusing on the generation
mechanism of prediction error cost in older adults, and primarily explaining the
causes of prediction error cost from three aspects: parafoveal vision, working
memory load, and language ability. The research findings will be of significant
importance for constructing a lifespan development model of Chinese reading.

Full Text

The Mechanism of Prediction Error Cost in Chinese Read-
ing for Older Adults

LI Lin, ZHAO Sainan, ZHANG Lijuan, WANG Jingxin

(Key Research Base of Humanities and Social Sciences of the Ministry of Educa-
tion, Academy of Psychology and Behavior, Tianjin Normal University; Faculty
of Psychology, Tianjin Normal University; Center of Collaborative Innovation
for Assessment and Promotion of Mental Health, Tianjin 300387)

Abstract: An important question in lifespan developmental research concerns
whether the cognitive mechanisms underlying reading undergo only quantitative
changes or also qualitative changes with aging. Effective language processing re-
quires readers to combine prior experience with current contextual information
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to generate predictions about upcoming information. Therefore, addressing this
question necessitates examining how predictive processing mechanisms change
in older adults’ reading, specifically how prediction error costs emerge. This
research proposes to use co-registration of eye movements and EEG to obtain
real-time behavioral and neural indices of language processing during natural
reading, focusing on the mechanism of prediction error cost in older adults. The
study will primarily explain the origins of prediction error cost from three per-
spectives: parafoveal vision, working memory load, and language ability. The
findings will have significant implications for constructing a lifespan develop-
mental model of Chinese reading.

Keywords: contextual effects, prediction error cost, Chinese reading, cognitive
aging, co-registration of eye movements and EEG

By the end of 2019, China’ s population aged 60 and above had exceeded 250
million, indicating that the country is entering a stage of rapid population aging
(National Bureau of Statistics, 2020). Traditional perspectives on human devel-
opment emphasize education and learning during the early stages of life to build
knowledge bases and enhance abilities. However, as life expectancy increases
and population structures age, the ability to maintain information updating
and learning capabilities becomes increasingly important for sustaining vitality
across the entire lifespan. Reading serves as a primary channel for human learn-
ing and information acquisition, yet research on reading ability development has
primarily focused on early developmental stages, with insufficient attention paid
to changes in reading behavior during older adulthood and their underlying cog-
nitive mechanisms. In other words, the critical question of whether cognitive
processing in reading undergoes only quantitative changes or also qualitative
changes with aging remains unresolved.

Current research on reading and aging indicates that older adults (aged 60+)
read more slowly than young adults (aged 18-30), exhibiting more frequent
and longer fixations as well as more regressions during reading (Kliegl et al.,
2004; Rayner et al., 2006; Stine-Morrow et al., 2010; Warrington et al., 2019;
Whitford & Titone, 2017). Studies on Chinese reading further reveal that to
accommodate the dense character text and lack of clear word boundaries, older
adults develop more cautious oculomotor strategies, characterized by fewer word-
skipping saccades and shorter forward saccades (Wang et al., 2020; Li et al.,
2019; Li et al., 2018; Wang, Li, Li, Xie, Chang et al., 2018; Wang, Li, Li,
Xie, Liversedge, & Paterson, 2018; Zang et al., 2016; Zhao et al., 2021; Zhao
et al., 2019). The dominant computational models of eye movement control
in reading—the E-Z Reader model and the SWIFT model—have both simulated
reading aging by modifying parameters. However, the empirical data underlying
these simulations offer divergent perspectives on whether cognitive processing
in reading undergoes quantitative versus qualitative changes with age.

Kliegl et al. (2004) found that although older adults generally exhibited longer
fixation durations than young adults, there was no interaction between age and
word frequency, suggesting that both groups showed similar lexical processing
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patterns with older adults simply processing more slowly overall—a quantitative
change. Laubrock et al. (2006) subsequently simulated these findings using the
SWIFT model. In contrast, Rayner et al. (2006) observed interactions between
age and word frequency across multiple measures including skipping rates and
fixation durations, indicating different lexical processing patterns between age
groups. Older adults showed larger word frequency effects and particular dif-
ficulty processing low-frequency words, suggesting they rely more heavily on
predictive processing using prior context to compensate for slower lexical pro-
cessing—a qualitative change. This study successfully simulated these aging
effects by modifying E-Z Reader model parameters. Subsequent research has
consistently found similar age-by-frequency interactions (Liu et al., 2019; Mc-
Gowan & Reichle, 2018; Rayner et al., 2013; Wang, Li, Li, Xie, Chang et al.,
2018; Wang, Li, Li, Xie, Liversedge, & Paterson, 2018; Whitford & Titone, 2017;
Zang et al., 2016).

Resolving this controversy requires moving beyond basic lexical processing to
address fundamental theoretical orientations in reading research. The interac-
tive processing approach posits that readers combine their experiential knowl-
edge with current context to predict and pre-activate upcoming information,
representing a crucial component of effective language processing (Bai & Yan,
2017). The recently proposed Chinese Reading Model (CRM), though not yet
applied to aging simulations, incorporates predictability as a key parameter (Li
& Pollatsek, 2020). Therefore, examining whether cognitive processing in read-
ing undergoes only quantitative or also qualitative changes with aging hinges
on understanding how predictive processing mechanisms change in older adults.
The central focus for investigating these changes concerns whether older readers
exhibit prediction error costs and what factors influence them.

The current research proposes to employ co-registration of eye movements and
EEG to investigate the mechanism of prediction error cost in older adults, exam-
ining its origins from three perspectives: parafoveal visual processing, working
memory load, and language ability. Investigating changes in predictive process-
ing during Chinese reading in older adults is significant for deepening our under-
standing of Chinese language processing mechanisms and constructing a lifespan
developmental model of Chinese reading ability. Moreover, this research can
inform effective interventions for older adults, promoting health management,
continued work, and lifelong learning to actively address population aging.

2.1 Predictive Processing in Reading

Predictive processing represents a fundamental operating principle of the brain,
which uses predictive coding and computes prediction errors to make accurate
inferences (Clark, 2013; Schuster et al., 2021). Recent theoretical perspectives
on sentence comprehension have increasingly embraced the notion of linguis-
tic “pre-processing,” conceptualizing reading as an interactive dialogue between
reader and text achieved through continuous prediction (Willems et al., 2016).
“Cloze probability” serves as the primary method for measuring target word
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predictability in reading materials (Taylor, 1953; Zhao et al., 2021; Zhao et al.,
2019). Readers complete cloze tasks by providing the first word that comes to
mind based on preceding sentence context; the proportion of readers providing
the target word constitutes its cloze probability. Context represents the critical
factor determining lexical predictability (Balota et al., 1985). When context pro-
vides detailed, strongly constraining information (constraining context), readers
are more likely to make strong predictions. Conversely, when context provides
ambiguous information (non-constraining context), predictions become weaker
and more random.

Eye movement research on reading has documented predictability effects,
demonstrating that readers exhibit shorter fixation durations and higher
skipping rates for high-predictability words compared to low-predictability
words (Balota et al., 1985; Ehrlich & Rayner, 1981; Rayner & Well, 1996;
Staub, 2015; Zhao et al., 2021; Zhao et al., 2019). Electrophysiological studies
have similarly found that N400 amplitude increases as predictability decreases,
indicating more difficult processing of low-predictability words (Kretzschmar et
al., 2015).

Two primary theories explain the origins of predictability effects. The first
posits that predictability effects result from “all-or-none” lexical activation, also
termed lexical prediction. Correct predictions facilitate lexical processing, while
incorrect predictions interfere with processing (i.e., produce prediction error
cost) (Luke & Christianson, 2016). The alternative theory suggests that pre-
dictability effects arise from graded pre-activation of upcoming lexical items,
where readers simultaneously activate a set of related words with activation lev-
els proportional to their cloze probabilities (Frisson et al., 2017). The ultimate
winner depends on the reader’ s goals, prior knowledge, and bottom-up input
(Kuperberg & Jaeger, 2016)—a mechanism termed “graded prediction.”

Distinguishing between these predictive processing mechanisms hinges on exam-
ining whether prediction error cost exists. Specifically, whether encountering
an unpredictable word in a constraining context incurs greater processing cost
than encountering the same word in a non-constraining context. For example,
in the constraining context “Today is Cheng Liang’ s birthday, his mother
bought him a {__},” the predictable target is “cake” while an unpredictable target
would be “cellphone.” In the non-constraining context “What Cheng Liang didn
t expect was that his mother bought him a {____}” the corresponding unpre-
dictable target is also “cellphone.” If readers employ all-or-none activation, the
constraining context would activate only “cake.” Encountering “cellphone” as the
target would create interference, making “cellphone” more difficult to process
in the constraining than non-constraining context—producing prediction error
cost. Conversely, if readers employ graded diffusion activation, the constraining
context would activate a set of birthday-gift-related words including both “cake”
and “cellphone,” albeit with different strengths. Encountering “cellphone” would
not produce greater interference, and processing would not differ significantly
between contexts, eliminating prediction error cost.
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Thus, evidence of prediction error cost in older but not young adults (across eye
movement measures such as fixation duration, skipping rate, regression ratio,
and fixation count, as well as EEG N400 component amplitude, peak, and
latency) would indicate qualitatively different predictive processing mechanisms
between age groups—a qualitative change in reading cognition. Absence of age
differences in prediction error cost would suggest that older adults’ reading
cognition has undergone only quantitative changes.

Alphabetic language research demonstrates that young participants show no pro-
cessing cost for low-predictability words in constraining versus non-constraining
contexts, indicating no prediction error cost. This suggests young adults employ
graded diffusion activation rather than all-or-none lexical prediction. Graded
diffusion activation represents a more efficient mechanism than all-or-none pre-
diction (Frisson et al., 2017). As a logographic writing system distinct from
alphabetic languages, Chinese imposes unique visual and lexical processing de-
mands on readers while sharing common cognitive-neural mechanisms with other
languages. Chinese reading research has consistently demonstrated predictabil-
ity effects similar to alphabetic languages (Bai et al., 2011; Bai et al., 2015; Su
et al., 2016; Li & Pollatsek, 2020; Rayner et al., 2005; Yao et al., 2021), indi-
cating universal mechanisms at higher-level reading processing stages. However,
direct empirical evidence for prediction error cost in Chinese reading remains
necessary.

2.2 Predictive Processing and Aging

The E-Z Reader model posits that older adults rely more heavily on prior context
to predict upcoming words. However, empirical research on aging effects in
predictive processing during reading remains limited and inconclusive. Some
eye-tracking studies examining predictive processing in older and young adults
have found larger predictability effects in older adults, with longer processing
times for low-predictability words, suggesting greater reliance on contextual
prediction (Liu et al., 2019; Choi et al., 2017; Huettig & Janse, 2016; Zhao
et al., 2021). Conversely, event-related potential studies have found delayed
and reduced predictability effects in older adults, suggesting decreased reliance
on predictive processing during reading (Federmeier & Kutas, 2019; Payne &
Federmeier, 2018). Despite different manifestations, both methodologies reveal
distinct predictability effects between age groups, suggesting that older adults’
predictive processing mechanisms may have undergone qualitative changes.

Does prior context better facilitate processing of high-predictability words or
hinder processing of low-predictability words in older adults? Existing studies,
whether using eye-tracking or ERPs, have exclusively employed constraining
contexts, leaving this question unanswered. Addressing this issue requires ex-
amining whether older and young adults generate different prediction error costs
across constraining and non-constraining contexts, while employing more precise
and ecologically valid co-registration methods.
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2.3 Factors Influencing Predictive Processing in Aging

During reading, readers can view not only the currently fixated word but also
pre-process upcoming information parafoveally. Text processing involves con-
tinuously integrating processed information with upcoming visual input. Conse-
quently, efficient predictive processing requires coordinated participation of vi-
sual ability, working memory capacity, and language ability. The lifespan devel-
opment perspective posits that aging does not equate to pure decline but rather
involves dynamic changes in cognitive mechanisms alongside genuine declines in
various abilities. Normal aging brings deterioration in physiological functions
such as vision and cognitive abilities like working memory, while simultaneously
preserving crystallized intelligence such as language ability. Wu et al. (2020)
examined language ability aging mechanisms, proposing that non-specific gen-
eral cognitive abilities and specific language abilities jointly contribute, with
general cognitive abilities accounting for greater between-group differences be-
tween young and older adults. Therefore, investigating factors influencing older
adults’ predictive processing requires multidimensional examination.

With age, even healthy older adults experience visual decline, leading to re-
duced information processing capacity in peripheral visual fields (Li et al., 2019;
Owsley, 2016). This suggests older adults’ parafoveal preview processing is likely
affected. However, whether parafoveal information availability influences older
adults’ predictive processing remains unanswered, with only indirect evidence
that impaired preview processing affects older adults’ oculomotor strategies (Li
et al., 2018; Schotter et al., 2015; Schotter et al., 2014).

Beyond visual ability, cognitive aging represents another important influence.
Age-related declines in fluid intelligence primarily manifest as reduced work-
ing memory capacity (Janse & Jesse, 2014; Stine-Morrow et al., 2010), while
growth in crystallized intelligence appears in language abilities (Liu et al., 2019).
Cognitive abilities exert multidimensional and bidirectional influences on infor-
mation processing: the two core aspects of adult development and aging—de-
cline in mental function during later life (fluid intelligence) and preservation
or increase in language ability (crystallized intelligence)—significantly impact
process-level reading operations (Stine-Morrow et al., 2010). On one hand, age-
related declines in fluid intelligence may constrain reading processing. Among
aging-related theories, the working memory decline hypothesis has received sub-
stantial empirical support (He, 2017). Research has found positive correlations
between working memory capacity and predictive language processing; individu-
als with reduced working memory capacity store less contextual information and
exhibit slower information integration, thereby affecting predictive processing
(Janse & Jesse, 2014; Huettig & Janse, 2016). Notably, recent research sug-
gests that semantic integration in Chinese reading cannot be explained solely
by working memory decline (Zhu et al., 2019). On the other hand, habitual
text exposure throughout adulthood provides older adults with greater reading
experience, preserving or increasing language ability and knowledge, which may
buffer age-related impacts (Liu et al., 2019; Salthouse & Timothy, 2012). Lan-
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guage ability has been shown to relate to predictive processing, with studies
comparing adults with high versus low language ability finding weaker predic-
tive processing in those with lower ability (Huettig & Brouwer, 2015). Recent
research indicates that older adults with larger vocabularies process language
more similarly to young adults, suggesting vocabulary serves a compensatory
role (Xu et al., 2020).

Parafoveal preview effectiveness, working memory load, and language ability
preservation may all influence predictive processing mechanisms in older and
young adults, and these influences may not operate independently. However,
existing research has not confirmed how these three factors contribute to pre-
diction error cost. Therefore, investigating changes in older adults’ predictive
processing mechanisms must consider visual decline, fluid intelligence such as
working memory, and crystallized intelligence such as language ability. Addi-
tionally, other non-specific cognitive factors may influence language ability aging
(Wu et al., 2020), including reduced processing speed in older age (Salthouse,
1996) and decreased ability to inhibit irrelevant information (Campbell et al.,
2020). Educational background and daily reading habits also affect older adults’
language ability.

2.4 Application of Co-registration Technology in Reading

Most electrophysiological reading research employs the Rapid Serial Visual Pre-
sentation (RSVP) paradigm, which has provided substantial evidence for predic-
tive processing but has potential limitations: unnatural stimulus presentation
(Frisson et al., 2017; Schotter et al., 2014). On one hand, words presented at
fixed rates typically remain visible longer than natural reading fixation dura-
tions. On the other hand, this paradigm forces serial, unidirectional processing
without allowing parafoveal preview or regressive saccades present in natural
reading. Sereno and Rayner (2003) first proposed combining eye-tracking with
ERP techniques to simultaneously record eye movement indices and fixation-
related brain potentials (FRPs) during normal reading, enabling synchronous
measurement of behavioral oculomotor performance and EEG signals during
reading comprehension.

Both eye movements and EEG signals possess high temporal resolution. The key
to successful co-registration lies in ensuring identical sampling rates for both sys-
tems (typically 1000 Hz), which better detects neural processing during fixations
(Baccino, 2011). Synchronization is achieved through two computers connected
in parallel: Computer A presents stimuli and collects eye movement data while
Computer B collects EEG data. Experiments can be configured so that Com-
puter A sends synchronous TTL pulses to Computer B when presenting stimuli,
achieving synchronized recording. During offline analysis, TTL pulses provide
accurate time markers for data alignment (with EEG segmentation based on fix-
ation onset and offset times). Notably, since EEG recording typically excludes
ocular artifacts, co-registration requires artifact correction. Two viable methods
exist: Independent Component Analysis (ICA) (Henderson et al., 2013), which
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identifies ICA components using EOG, determines their scalp distribution, uses
meta-analysis to establish the proportion of current density from eye position,
and finally subtracts ocular artifact components from raw EEG data. Alter-
natively, the Multiple Source Eye Correction (MSEC) method (Dimigen et al.,
2011) requires participants to complete 120 saccade calibrations in four direc-
tions and 40 voluntary blinks before the main experiment, then uses Principal
Component Analysis (PCA) to define artifact topographies for each type of eye
movement before correction (Li & Liu, 2017).

Co-registration studies have found that predictability affects both eye movement
and EEG measures: high-predictability words show higher skipping rates, fewer
regressions, and shorter fixation durations, along with reduced N400 amplitude
(Kretzschmar et al., 2015). To date, no Chinese reading research has employed
this cutting-edge co-registration method to investigate predictive processing, yet
this approach can examine the critical question of prediction error cost in more
natural reading contexts.

In summary, this research proposes to use co-registration of eye movements and
EEG to focus on high-level information processing mechanisms related to ag-
ing in Chinese reading, examining whether differences between older and young
adults represent quantitative or qualitative variations. The key issue concerns
whether older adults exhibit prediction error cost during reading. For predic-
tive processing in Chinese reading, the study will examine effects of age-related
changes in physiological function, fluid intelligence, and crystallized intelligence
from three perspectives: parafoveal visual processing, working memory load, and
language ability. Processing speed, inhibitory ability, educational background,
and daily reading habits will be included as covariates in the model for data
mining and integration to construct a lifespan developmental model of Chinese
reading.

3 Research Plan

This research will employ co-registration of eye movements and EEG (FRPs)
to examine cognitive mechanism changes in predictive processing during Chi-
nese reading with age and their influencing factors. The core scientific question
addresses whether differences between older and young adults during reading
represent merely quantitative differences or also qualitative differences, encom-
passing three aspects: (1) whether older and young adults generate different
prediction error costs and employ different predictive processing mechanisms in
constraining versus non-constraining contexts; (2) how parafoveal information
availability, working memory load, and language ability preservation lead to dif-
ferent predictive processing mechanisms between older and young adults; and
(3) whether factors influencing general language ability aging—such as process-
ing speed, inhibitory ability, educational background, and daily reading habits
—affect predictive processing mechanisms, how these factors operate and their
time courses across predictive processing stages, and how individual differences
among older adults modulate these effects.
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Addressing these three scientific questions, the research will conduct three stud-
ies: Study 1 will use co-registration of eye movements and EEG (FRPs), ma-
nipulating contextual constraint conditions with multiple eye movement and
EEG measures as dependent variables to examine whether prediction error
cost emerges in older versus young adults during Chinese reading, investigat-
ing whether predictive processing mechanisms undergo qualitative changes with
age.

Study 2 will use co-registration of eye movements and EEG (FRPs), manipu-
lating contextual constraint conditions with multiple eye movement and EEG
measures as dependent variables to examine why older adults exhibit predic-
tion error cost, focusing on parafoveal preview, working memory, and language
ability. Before all experiments, participants will complete assessments of visual
ability (foveal acuity test), educational background, recent reading experience,
processing speed (digit and color naming tasks), working memory (digit span
forward and backward), inhibitory ability (STROOP task), and lexical ability
(vocabulary subtest of Wechsler Intelligence Scale). These data will be used
for data mining integration in Study 3 to comprehensively examine potential
influences.

Experiment 1 will apply the boundary paradigm with varying parafoveal pre-
view conditions to examine whether prediction error cost differs between older
and young adults when parafoveal visual information is available versus un-
available, exploring the influence of visual physiological ability on predictive
processing mechanisms.

Experiment 2 will employ the gaze-contingent text masking paradigm to exam-
ine whether prediction error cost changes under normal versus increased working
memory load, investigating how working memory integration affects predictive
processing mechanisms.

Experiment 3 will divide older adults into high and low language ability groups
based on language ability scores to examine whether prediction error cost differs
between older adults with different language abilities and young adults, explor-
ing how preserved language ability influences predictive processing mechanisms.

Study 3 will use linear mixed-effects modeling to include all factors from Study
2 as covariates, examining their influence on predictive processing patterns. Ad-
ditionally, survival and distribution analyses will be conducted on EEG compo-
nents and eye movement indices to investigate the time course of these influences
and individual difference effects.

3.1 Study 1: Effects of Aging on Prediction Error Cost in
Chinese Reading
During reading, readers can predict upcoming words based on their knowledge

and prior text information, with word predictability influencing dynamic
text processing. Eye movement research demonstrates that cloze probability
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measures word predictability, with high-predictability words receiving shorter
fixations and higher skipping rates than low-predictability words (Staub, 2015).
Electrophysiological research provides converging evidence that predictability
facilitates text processing: the N400, a negative ERP component occur-
ring approximately 400ms post-stimulus, shows increased amplitude under
low-predictability conditions (DeLong, Quante, & Kutas, 2014).

Regarding the causes of predictability effects in reading, we previously intro-
duced two competing theories—graded diffusion activation and lexical activa-
tion—which represent the key to understanding the cognitive mechanisms of
predictive processing. The critical distinction lies in examining whether a read-
ing time cost occurs when encountering an unpredictable word in a constrain-
ing context compared to the same word in a non-constraining context—that is,
whether prediction error cost exists. If prediction error cost exists, it indicates
that in high-constraint contexts, readers expect a specific high-predictability
target word. When the actual word matches expectations, processing is facil-
itated; when mismatched, processing is disrupted, producing prediction error
cost. Conversely, absence of prediction error cost suggests readers do not main-
tain all-or-none expectations for specific words but instead engage in graded
diffusion activation of a set of related words. Alphabetic reading research has
demonstrated that young adults tend to employ graded diffusion activation for
predictive processing. Based on the unique characteristics of the Chinese writ-
ing system, Chinese reading exhibits particularities while potentially showing
cross-linguistic consistency in high-level predictive information processing.

Have older adults’ predictive processing mechanisms in reading undergone qual-
itative changes compared to young adults? This question first requires consider-
ing whether predictability effects show different patterns in older adults. ERP
studies examining predictive processing differences between older and young
adults have found delayed and reduced context constraint effects in older adults,
suggesting reduced reliance on predictive processing during reading comprehen-
sion (Federmeier & Kutas, 2005; Wlotko & Federmeier, 2012). In contrast,
eye-tracking studies suggest older adults show larger predictability effects than
young adults, indicating greater dependence on predictive processing (Choi et
al., 2017; Huettig & Janse, 2016). According to E-Z Reader model predictions,
older adults utilize prior context more extensively to predict upcoming words,
compensating for slower lexical processing (McGowan & Reichle, 2018; Rayner
et al., 2006). Given changes in visual physiological function and cognitive abil-
ities, older adults may employ predictive processing mechanisms different from
young adults. Therefore, examining whether older adults exhibit prediction
error cost in predictive processing can reveal whether different cognitive mech-
anisms underlie predictive processing across age groups.

Thus, Study 1 will use co-registration of eye movements and EEG (FRPs), ma-
nipulating contextual constraint and target word predictability levels to record
participants’eye movement trajectories and EEG responses during reading. This
will examine whether prediction error cost emerges in older versus young adults
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during Chinese reading and investigate whether predictive processing mecha-
nisms undergo qualitative changes with age.

Experimental materials are configured as shown in Table 1:

Example of experimental condition configuration

Context Type Example Sentence Target Word Condition
Constraining Today is Cheng Liang’ cake Predictable
s birthday, his mother (CP)
bought him a cake as
a gift.
Constraining Today is Cheng Liang’  cellphone Unpredictable
s birthday, his mother (CU)

bought him a
cellphone as a gift.
Non-constraining ~ What Cheng Liang cellphone Unpredictable
didn’ t expect was (NU)
that his mother
bought him a
cellphone as a gift.

Sixty young and sixty older adults participated in material norming studies
without participating in subsequent eye movement experiments. In constrain-
ing contexts, predictable target words (CP) had an average cloze probability
of 78.2%, while unpredictable targets (CU) averaged 1.8%. In non-constraining
contexts, corresponding unpredictable words (NU) averaged 0.8% cloze proba-
bility. Paired-sample t-tests on cloze probabilities revealed that CP words were
significantly more predictable than CU words (p < 0.001). Critically, for testing
prediction error cost, unpredictable target words in high versus low constraint
contexts (CU vs. NU) did not differ significantly in cloze probability (t < 1).
Predictable and unpredictable target words were carefully matched on visual
complexity and word frequency. No significant differences existed between the
two age groups’ ratings (ts < 1). Predictable and unpredictable target words ap-
peared in identical sentence frames. Note that the (un)predictable classification
is conceptually based on constraining contexts; corresponding unpredictable tar-
gets in non-constraining contexts also maintained low cloze probabilities.

All participants completed assessments of visual ability (foveal acuity test), ed-
ucational background, recent reading experience, processing speed (digit and
color naming tasks), working memory (digit span forward and backward), in-
hibitory ability (STROOP task), and lexical ability (vocabulary subtest of Wech-
sler Intelligence Scale) to ensure within-group homogeneity. These test scores
will be included as covariates in the final study’ s analyses.

Hypotheses: (1) If experimental material controls are effective, typical pre-
dictability effects should be observed, manifesting as shorter fixation durations
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and higher skipping rates for predictable versus unpredictable target words in
constraining contexts. (2) If older and young adults employ different predictive
processing mechanisms in Chinese reading, young adults should not show pre-
diction error cost—processing times for unpredictable targets should not differ
between constraining and non-constraining contexts. In contrast, older adults
may exhibit prediction error cost, with unpredictable targets in constraining
contexts disrupting their processing.

3.2.1 Experiment 1: Effects of Parafoveal Information
Availability on Prediction Error Cost in Older and Young
Adults

Sentence comprehension emerges from integration of prediction and preview
processing. Separating predictive effects from parafoveal preview effects requires
sophisticated experimental design and high temporal resolution measurement
(DeLong, Quante, & Kutas, 2014; DeLong, Troyer, & Kutas, 2014; Kutas et al.,
2011). The boundary paradigm (Rayner, 1975) represents the most common
method for investigating parafoveal preview processing in reading research. In
this paradigm, an invisible boundary is set before the target word, with different
preview conditions presented to the right of the boundary. When readers fixate
left of the boundary, they parafoveally process different preview information;
when their eyes cross the boundary, the preview information changes to the
target word. For example, the target word “chair” can be parafoveally previewed
as the word itself, masked symbols (#+#), or an unrelated word (e.g., “light” ).

Balota et al. (1985) first used this technique to manipulate parafoveal preview
for high and low predictability target words, finding that predictability-related
facilitation occurred only when preview words were identical or visually sim-
ilar to targets. Subsequent research has confirmed the interaction between
predictability and preview, clearly demonstrating that predictability effects de-
pend on effective parafoveal preview availability (Juhasz et al., 2008; White et
al., 2005). Bayesian belief models explain this phenomenon by suggesting that
invalid preview produces costs that eliminate predictability effects. During sen-
tence reading, readers maintain multiple hypotheses about potential meanings,
updating them according to Bayesian rules as each new word is encountered.
Word processing time functions as a measure of required belief updating, with
invalid preview representing unexpected input that shifts beliefs away from ini-
tially predicted targets, thereby eliminating target predictability (Levy, 2008;
Norris, 2006; Parker et al., 2017).

How this interaction between top-down predictive processing and bottom-up
preview processing affects older adults’ reading remains unclear. Older adults
exhibit substantially reduced parafoveal preview processing capacity yet still
show predictability effects, possibly because they employ all-or-none lexical pre-
diction. Experimentally eliminating parafoveal visual information for both age
groups could reveal how preview availability influences predictive processing
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strategies. Therefore, this experiment will use the boundary paradigm, build-
ing on Study 1 materials to create valid preview (target word presented as
preview) and invalid preview (% symbols presented as preview) conditions. Us-
ing co-registration, we will examine: (1) whether parafoveal preview availabil-
ity influences predictability effects in older and young adults; and (2) whether
parafoveal preview availability affects prediction error cost emergence in both
groups. Preview conditions are illustrated in Figure 1 [Figure 1: see original
paper].

[Figure 1: see original paper| Schematic diagram of preview condition configu-
ration for Experiment 1

All participants will complete assessments of visual ability, educational
background, recent reading experience, processing speed, working memory,
inhibitory ability, and lexical ability to ensure within-group homogeneity.
These scores will be included as covariates in the final study’ s analyses.

Hypotheses: (1) If parafoveal preview influences predictive processing, both
older and young adults should show larger predictability effects under invalid
versus valid preview conditions, with young adults showing smaller effects and
older adults’ effects remaining unchanged. (2) If parafoveal preview leads to
different prediction error costs across conditions, young adults may show pre-
diction error cost under invalid preview but not under valid preview, while older
adults may exhibit prediction error cost under both preview conditions.

3.2.2 Experiment 2: Effects of Working Memory Load on
Prediction Error Cost in Older and Young Adults

Reading requires processing continuously appearing new information while stor-
ing processed information, retrieving existing knowledge, and integrating cur-
rent with prior information. Working memory, as a system for temporary stor-
age and manipulation of information, is crucial for this complex process (Yang,
2015). Research indicates that semantic information processing and mainte-
nance are affected by working memory capacity; individuals with different cog-
nitive abilities store varying amounts of contextual information and show differ-
ent speeds of information transformation and updating, potentially exhibiting
different levels of predictive processing. Working memory correlates positively
with language predictive processing and forms the spatiotemporal foundation of
language processing (Huettig & Janse, 2016; Janse & Jesse, 2014).

Regarding maintenance mechanisms for language in working memory, re-
searchers propose that readers must re-engage attentional focus to retrieve and
activate memory traces. Due to interference and time-based decay, information
in working memory gradually disappears when attention shifts, but can be
reactivated through attentional refocusing before disappearing completely.
The “time-based resource-sharing model” represents a prominent theoretical
account (Camos & Barrouillet, 2018). Reading and aging research has found
that older adults make numerous regressions during reading, possibly reflecting
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increased attentional refocusing processes adopted to compensate for working
memory decline and enable effective reading. This suggests older readers may
self-regulate information input, pausing more frequently for conceptual integra-
tion to effectively utilize prior context for predictive processing (Stine-Morrow
et al., 2010). Notably, recent research indicates that semantic integration in
Chinese reading cannot be explained solely by working memory decline (Zhu
et al., 2019). Thus, how increased working memory load affects predictive
processing mechanisms in older versus young adults remains unresolved.

Therefore, this experiment builds on Study 1 materials using the gaze-contingent
text masking paradigm. Under masking conditions, previously read content
is masked with x symbols, preventing attentional refocusing and increasing
working memory load. Using co-registration, we will examine: (1) whether
working memory load influences predictability effects in older and young adults;
and (2) whether working memory load affects prediction error cost emergence.
Figure 2 [Figure 2: see original paper| illustrates the experimental condition
configuration.

[Figure 2: see original paper| Schematic diagram of increased working memory
load condition for Experiment 2

All participants will complete assessments of visual ability, educational
background, recent reading experience, processing speed, working memory,
inhibitory ability, and lexical ability to ensure within-group homogeneity.
These scores will be included as covariates in the final study’ s analyses.

Hypotheses: (1) If working memory load influences predictive processing, both
older and young adults should show larger predictability effects under high ver-
sus normal working memory load, with young adults showing smaller effects and
older adults showing larger effects. (2) If increased working memory load leads
to different prediction error costs across conditions, young adults may show no
prediction error cost under low load but exhibit cost under high load, while
older adults may show prediction error cost under both loads, with greater cost
under high working memory load.

3.2.3 Experiment 3: Differences in Prediction Error Cost
Between Older and Young Adults with Different Language
Abilities

Research demonstrates that habitual text exposure throughout adulthood in-
creases knowledge and may buffer age-related effects. Age-related increases in
language ability can effectively enhance language processing (Liu et al., 2019;
Salthouse & Timothy, 2012). Language ability (reading skill) and predictive
capacity are closely related, with studies comparing different participant groups
—such as high versus low literacy individuals, children, dyslexic adults, and col-
lege students—showing that dyslexic adults exhibit poorer predictive processing
than normal adults (Huettig & Brouwer, 2015). Recent research indicates that
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older adults with larger vocabularies process language more similarly to young
adults, suggesting vocabulary serves a compensatory role (Xu et al., 2020).

Older adults possess richer reading experience and accumulating crystallized in-
telligence. However, how accumulated language ability contributes to changes
in older adults’ predictive processing mechanisms remains unresolved. There-
fore, this experiment uses Study 1 materials, dividing participants into high
and low language ability groups based on verbal intelligence scores. Using co-
registration, we will examine whether prediction error cost differs between older
adults with different language abilities and young adults, investigating how pre-
served language ability influences predictive processing mechanisms.

All participants will complete assessments of visual ability, educational back-
ground, recent reading experience, processing speed, working memory, and in-
hibitory ability (excluding lexical ability used for grouping) to ensure within-
group homogeneity. These scores will be included as covariates in the final
study’ s analyses.

Hypothesis: If language ability influences older adults’ predictive process-
ing, low language ability older adults should show larger predictability effects
than high ability older adults, manifesting as greater difficulty processing low-
predictability words and larger prediction error cost. However, even high lan-
guage ability older adults should still show larger predictability effects and pre-
diction error cost compared to young adults.

3.3 Study 3: Data Mining Integration to Construct a Pre-
dictive Processing Model for Older Chinese Readers

Language represents one of humanity’ s most complex psychological behaviors.
Researchers investigating language comprehension are concerned with its psy-
chological processes, relationships with basic cognitive components, and connec-
tions to the cognitive system. Three primary theories explain how non-specific
factors influence language ability aging: processing speed theory posits that
slowed cognitive processing in older age reduces language processing speed (Salt-
house, 1996); working memory theory suggests working memory impairment ex-
plains age-related language ability deficits (He, 2017; de Beni et al., 2007); and
inhibitory deficit theory proposes that reduced ability to inhibit irrelevant infor-
mation importantly contributes to language ability impairment (Campbell et al.,
2020). Wu et al. (2020) examined language ability aging mechanisms, propos-
ing that non-specific general cognitive abilities and specific language abilities
jointly contribute, with regression analyses indicating both significantly predict
young-old group differences, though general cognitive abilities contribute more.

Study 2 focused on predictive processing mechanisms in Chinese reading, manip-
ulating three factors to examine how visual physiology, working memory, and
language ability influence age-related changes in predictive processing mech-
anisms. Visual decline may prevent older adults from effectively processing
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upcoming stimuli, meaning graded diffusion activation would likely fail to uti-
lize preview information to inhibit other activated options. Working memory
decline may cause older adults to regress frequently to refocus attention, increas-
ing working memory burden if employing graded diffusion activation. Language
ability preservation may enable older adults to continue predictive processing.
Multiple factors collectively lead older adults to exhibit predictability effects and
prediction error cost, adopting a less efficient but more conservative all-or-none
predictive processing strategy.

To comprehensively examine other potential influences, all studies will include
assessments of visual ability (foveal acuity test), educational background, recent
reading experience, processing speed (digit and color naming tasks), working
memory (digit span forward and backward), inhibitory ability (STROOP task),
and lexical ability (vocabulary subtest of Wechsler Intelligence Scale). These
scores will be included as covariates in the final study’ s analyses. Aging encom-
passes highly complex, interactively influencing factors that must be considered
comprehensively to build a predictive processing model for older Chinese read-
ers. What are the relative weights of these factors? What are their time courses?
How do substantial individual differences among older adults modulate these
effects? These questions remain unanswered. Therefore, Study 3 will include
all these factors as covariates in linear mixed-effects models to examine their
weight in influencing older adults’ predictive processing mechanisms. Survival
analysis will investigate how these factors operate across different stages of pre-
dictive processing, while distribution analysis will examine effects of individual
differences among older adults.

Hypotheses: If these factors operate jointly rather than independently, model
fit with all factors simultaneously included will be superior to models with indi-
vidual factors. If these factors have different time courses, survival analysis will
reveal different divergence points. If individual differences among older adults
have effects, distribution analysis will show no differences in location parameters
but significant differences in scale parameters.

4 Theoretical Construction and Innovation

Examining changes in reading behavior and underlying cognitive mechanisms
during older adulthood requires more than simply modifying parameters in ex-
isting eye movement control models (McGowan & Reichle, 2018; Rayner et al.,
2006; Rayner et al., 2013). Current reading models posit that combining expe-
riential knowledge with current context to predict and pre-activate upcoming
information is crucial for effective language processing (McGowan & Reichle,
2018; Li & Pollatsek, 2020). This research proposes that examining whether
older adults exhibit prediction error cost during reading can determine whether
their predictive processing mechanisms have changed. Using co-registration of
eye movements and EEG, the research focuses on the mechanism of predic-
tion error cost in older adults, examining why reading processing mechanisms
change dynamically from three perspectives: parafoveal visual processing, work-
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ing memory load, and language ability. Based on existing research and antici-
pated findings, we propose to construct a mechanism model of predictive pro-
cessing changes with age in Chinese reading, as illustrated in Figure 3 [Figure
3: see original paper].

[Figure 3: see original paper]| Mechanism model of predictive processing changes
with age in Chinese reading

The innovation of this research is manifested in three ways: First, it focuses on
high-level information processing mechanisms related to aging in Chinese read-
ing using co-registration, providing both neurophysiological evidence for ocu-
lomotor behavior and employing a more ecologically valid method that aligns
with natural reading habits to explore EEG changes during reading. Investigat-
ing whether cognitive processing mechanisms undergo qualitative changes with
age under natural conditions places this research at the forefront of lifespan
developmental reading studies.

Second, the research creatively proposes that addressing this key question re-
quires examining prediction error cost in older adults’ reading, further investi-
gating why reading cognitive mechanisms change dynamically from three per-
spectives: parafoveal visual processing, working memory integration ability, and
language ability. This approach demonstrates strong innovation and pioneering
spirit.

Third, the research innovatively employs data mining techniques using multi-
covariate modeling, survival analysis, and distribution analysis to propose how
age-related visual and working memory declines interact with preserved lan-
guage ability, examining their time courses and individual difference effects.
By constructing a lifespan developmental model of Chinese reading, this re-
search will ultimately provide reference for improving reading efficiency and
spiritual-cultural life quality among Chinese older adults, effectively addressing
population aging.

References

Chinese References (translated):

Bai, X., Cao, Y., Gu, J., Guo, Z., & Yan, G. (2011). An eye movement study
of the effects of predictability and spacing on Chinese reading. Psychological
Science, 34(6), 1282-1288.

Bai, X., Li, X., & Yan, G. (2015). Eye movement control in Chinese reading:
A summary of 20 years of research. Psychological Development and Education,
31(1), 85-91.

Bai, X., & Yan, G. (2017). Reading Psychology. Shanghai: East China Normal
University Press.

National Bureau of Statistics. (2020). Statistical communique of the People
s Republic of China on national economic and social development in 2019.

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

ChinaRxiv [$X]

http://www.stats.gov.cn/tjsj/zxfb /202002 /20200228 __{1728913}.html.

He, W. (2017). Mechanisms and neural basis of language cognitive aging. Ad-
vances in Psychological Science, 25(9), 1479-1491.

Li, Z., & Liu, L. (2017). New advances in co-registration of eye movements and
EEG in psycholinguistic research. Psychological Science, 40(4), 850-855.

Liu, Z., Tong, W., & Zhang, J. (2019). Aging of lexical processing in Chinese
reading: Evidence from eye movements. Psychological Development and Educa-
tion, 35(6), 665-677.

Su, H., Liu, Z., & Cao, L. (2016). Effects of word frequency and predictability in
Chinese parafoveal processing and implications for word segmentation: Evidence
from eye movements. Acta Psychologica Sinica, 48(6), 625-636.

Yang, Y. (2015). Psycholinguistics. Beijing: Science Press.

Wang, J., Xu, Q., Hao, L., & Zhang, X. (2020). Effects of inter-character
spacing size on reading in young and older adults: An eye movement study.
Psychological Science, 43(1), 68-74.

Wu, H., Yu, Z., Wang, X., & Zhang, Q. (2020). The aging mechanism of lan-
guage ability: Joint contributions of language-specific and non-specific factors.
Acta Psychologica Sinica, 52(5), 541-561.

English References:

Baccino, T. (2011). Eye movements and concurrent event-related potentials’
: Eye fixation-related potential investigations in reading. In S. P. Liversedge,
I. D. Gilchrist, & S. Everling (Eds.), The Ozford handbook of eye movements
(pp. 857-870). Oxford: Oxford University Press.

Balota, D. A., Pollatsek, A., & Rayner, K. (1985). The interaction of contextual
constraints and parafoveal visual information in reading. Cognitive Psychology,
17(3), 364-390.

Campbell, K. L., Lusting, C., & Hasher, L. (2020). Aging and Inhibition: In-
troduction to the Special Issue. Psychology and Aging, 35(5), 605-631.

Camos, V., & Barrouillet, P. (2018). Working memory in development. London:
Routledge.

Choi, W., Lowder, M. W., Ferreira, F., Swaab, T. Y., & Henderson, J. M. (2017).
Effects of word predictability and preview lexicality on eye movements during
reading: A comparison between young and older adults. Psychology and Aging,
32(3), 232-242.

Clark, A. (2013). Whatever next? Predictive brains, situated agents, and the
future of cognitive science. Behavioral and Brain Sciences, 36(3), 181-204.

DeLong, K. A., Quante, L., & Kutas, M. (2014). Predictability, plausibility,

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

ChinaRxiv [$X]

and two late ERP positivities during written sentence comprehension. Neu-
ropsychologia, 61, 150-162.

DeLong, K. A., Troyer, M., & Kutas, M. (2014). Pre-processing in sentence
comprehension: Sensitivity to likely upcoming meaning and structure. Language
and Linguistics Compass, 8(12), 631-645.

de Beni, R., Borella, E., & Carretti, B. (2007). Reading comprehension in aging;:
The role of working memory, and metacomprehension. Aging, Neuropsychology,
and Cognition, 14(2), 189-212.

Dimigen, O., Sommer, W., Hohlfeld, A., Jacobs, A. M., & Kliegl, R. (2011).
Co-registration of eye movements and EEG in natural reading: Analyses and
review. Journal of Experimental Psychology: General, 140(4), 552-572.

Ehrlich, S. F., & Rayner, K. (1981). Contextual effects on word perception and
eye movements during reading. Journal of Verbal Learning and Verbal Behavior,

20, 641-655.

Federmeier, K. D., & Kutas, M. (2005). Aging in context: Age-related changes
in context use during language comprehension. Psychophysiology, 42(2), 133-
141.

Federmeier, K. D., & Kutas, M, (2019). What" s “left” ? Hemispheric sensi-
tivity to predictability and congruity during sentence reading by older adults.
Neuropsychologia, 133, 107-173.

Frisson, S., Harvey, D. R., & Staub, A. (2017). No prediction error cost in
reading: Evidence from eye movements. Journal of Memory and Language, 95,

200-214.

Janse, E., & Jesse, A. (2014). Working memory affects older adults’ use of
context in spoken-word recognition. The Quarterly Journal of Fxperimental
Psychology, 67(9), 1842-1862.

Juhasz, B. J., White, S. J., Liversedge, S. P., & Rayner, K. (2008). Eye move-
ments and the use of parafoveal word length information in reading. Journal
of Experimental Psychology: Human Perception and Performance, 34(6), 1560-
1579.

Henderson, J. M., Luke, S. G., Schmidt, J., & Richards, J. E. (2013). Co-
registration of eye movements and event-related potentials in connected-text
paragraph reading. Frontiers in Systems Neuroscience, 7, 28.

Huettig, F., & Brouwer, S. (2015). Delayed anticipatory spoken language pro-
cessing in adults with dyslexia—Evidence from eye-tracking. Dyslexia, 21(2),
97-122.

Huettig, F., & Janse, E. (2016). Individual differences in working memory and
processing speed predict anticipatory spoken language processing in the visual
world. Language, Cognition and Neuroscience, 31(1), 80-93.

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

ChinaRxiv [$X]

Kliegl, R., Grabner, E., Rolfs, M., & Engbert, R. (2004). Length, frequency, and
predictability effects of words on eye movements in reading. Furopean Journal
of Cognitive Psychology, 16(1-2), 262-284.

Kretzschmar, F., Schlesewsky, M., & Staub, A. (2015). Dissociating word fre-
quency and predictability effects in reading: Evidence from coregistration of eye
movements and EEG. Journal of Ezperimental Psychology: Learning Memory
and Cognition, 41(6), 1648-1662.

Kuperberg, G. R., Jaeger, T. F., Hospital, M. G., & Sciences, C. (2016). What
do we mean by prediction in language comprehension? Language Cognition
Neuroscience, 31(1), 32-59.

Kutas, M., Smith, N. J., & DeLong, K. A. (2011). A look around at what lies
ahead: Prediction and predictability in language processing. In M. Bar (Ed.),
Predictions in the brain: Using our past to generate a future (pp. 190-207).
Oxford: Oxford University Press.

Laubrock, J., Kliegl, R., Engbert, R. (2006). SWIFT explorations of age dif-
ferences in eye movements during reading. Neuroscience and Biobehavioral Re-
views, 30(6), 872-884.

Levy, R. (2008). Expectation-based syntactic comprehension. Cognition, 106(3),
1126-1177.

Li, L., Li, S., Xie, F., Chang, M., McGowan, V. A., & Wang, J., et al. (2019).
Establishing a role for the visual complexity of linguistic stimuli in age-related
reading difficulty: Evidence from eye movements during Chinese reading. At-
tention, Perception, & Psychophysics, 81(8), 2626-2634.

Li, S., Li, L., Wang, J., McGowan, V. A.; & Paterson, K. B. (2018). Effects of
word length on eye guidance differ for young and older Chinese readers. Psy-
chology and Aging, 33(4), 685-692.

Li, X., & Pollatsek, A. (2020). An integrated model of word processing and eye-
movement control during Chinese reading. Psychological Review, 127(6), 1139-
1162.

Liu, X., Stine-Morrow, E. A. L., & McCall, G. S. (2019). The role of print
exposure in supporting cognitive ability among older adults. Innovation in
Aging, 3, (S1).651.

Luke, S. G., & Christianson, K. (2016). Limits on lexical prediction during
reading. Cognitive Psychology, 88, 1-32.

McGowan, V. A., & Reichle, E. D. (2018). The “risky”reading strategy revisited:
New simulations using E-Z Reader. The Quarterly Journal of Experimental
Psychology, 71(1), 179-189.

Norris, D. (2006). The Bayesian Reader: Explaining word recognition as an
optimal Bayesian decision process. Psychological Review, 113(2), 327-357.

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

ChinaRxiv [$X]

Owsley, C. (2016). Vision and Aging. Annual Review of Vision Science, 2, 255~
271.

Parker, A. J., Kirkby, J. A., & Slattery, T. J. (2017). Predictability effects
during reading in the absence of parafoveal preview. Journal of Cognitive Psy-
chology (Hove, England), 29(8), 902-911.

Payne, B. R., Federmeier, K. D. (2018). Contextual constraints on lexico-
semantic processing in aging: Evidence from single-word event-related brain
potentials. Brain Research, 1687, 117-128.

Rayner, K. (1975). Parafoveal identification during a fixation in reading. Acta
Psychologica, 39(4), 271-281.

Rayner, K., Li, X., Juhasz, B. J., & Yan, G. (2005). The effect of word pre-
dictability on the eye movements of Chinese readers. Psychonomic Bulletin &
Review, 12(6), 1089-1093.

Rayner, K., Reichle, E. D., Stroud, M. J., Williams, C. C., & Pollatsek, A.
(2006). The effect of word frequency, word predictability, and font difficulty on
the eye movements of young and older readers. Psychology and Aging, 21(3),
448-465.

Rayner, K., & Well, A. D. (1996). Effects of contextual constraint on eye
movements in reading: a further examination. Psychonomic Bulletin & Review,
3(4), 504-509.

Rayner, K., Yang, J., Schuett, S., & Slattery, T. J. (2013). Eye movements of
older and younger readers when reading unspaced text. Ezperimental Psychol-
ogy, 26(1), 354-361.

Salthouse. (1996). The processing-speed theory of adult age differences in
cognition. Psychological Review, 103(3), 403-428.

Salthouse, & Timothy. (2012). Consequences of age-related cognitive declines.
Annual Review of Psychology, 63(1), 201-226.

Schotter, E.R., Lee, M., Reiderman, M., & Rayner, K. (2015). The effect of
contextual constraint on parafoveal processing in reading. Journal of Memory
and Language, 83, 118-139.

Schotter, E. R., Reichle, E. D., & Rayner, K. (2014). Rethinking parafoveal
processing in reading: Serial-attention models can explain semantic preview
benefit and N+2 preview effects. Visual Cognition, 22(3-4), 309-333.

Schuster, S., Himmelstoss, N. A., Hutzler, F., Richlan, F., & Hawelka, S. (2021).
Cloze enough? hemodynamic effects of predictive processing during natural
reading. Neurolmage, 228, 117687.

Sereno, S. C., & Rayner, K. (2003). Measuring word recognition in reading: eye
movements and event-related potentials. Trends in Cognitive Sciences, T(11),
489-493.

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

ChinaRxiv [$X]

Staub, A. (2015). The effect of lexical predictability on eye movements in read-
ing: Critical review and theoretical interpretation. Language and Linguistics
Compass, 9(8), 311-327.

Stine-Morrow, E. A. L., Shake, M. C., Miles, J. R., Lee, K., Gao, X., & Mc-
Conkie, G. (2010). Pay now or pay later: Aging and the role of boundary
salience in self-regulation of conceptual integration in sentence processing. Psy-
chology and Aging, 25(1), 168-176.

Taylor, W. L. (1953). “Cloze procedure” : A new tool for measuring readability.
Journalism Bulletin, 30(4), 415-433.

Wang, J., Li, L., Li, S., Xie, F., Chang, M., Paterson, K.B., White, S.J., &
McGowan, V.A. (2019). Adult age differences in eye movements during reading;:
The evidence from Chinese. The Journals of Gerontology Series B: Psychological
Sciences and Social Sciences, 73(4), 584-593.

Wang, J., Li, L., Li, S., Xie, F., Liversedge, S.P., & Paterson, K.B. (2019).
Effects of aging and text-stimulus quality on the word-frequency effect during
Chinese reading. Psychology and Aging, 33(4), 692-712.

Warrington, K. L., McGowan, V. A., Paterson, K. B., & White, S. J. (2019).
Effects of adult aging on letter position coding in reading: Evidence from eye
movements. Psychology and Aging, 34(4), 598-612.

White, S. J., Rayner, K., & Liversedge, S. P. (2005). The influence of parafoveal
word length and contextual constraint on fixation durations and word skipping
in reading. Psychonomic Bulletin & Review, 12(3), 466-471.

Whitford, V., & Titone, D. (2017). The effects of word frequency and word
predictability during first-and second-language paragraph reading in bilingual
older and younger adults. Psychology and Aging, 32(2), 158-174.

Willems, R. M., Frank, S. L., Nijhof, A. D., Peter, H., & Antal, V. D. B.
(2016). Prediction during natural language comprehension. Cerebral Cortex,
26(6). 2506-2516.

Wlotko, E. W., & Federmeier, K. D. (2012). Age-related changes in the impact
of contextual strength on multiple aspects of sentence comprehension. Psy-
chophysiology, 49(6), 770-785.

Xu, N., Chen, S., Yang, Y., Zhu, Z. (2020). Increased world knowledge in older
adults does not prevent decline in world knowledge comprehension: An ERP
study. Brain and Cognition. 140:105534.

Yao, P., Staub, A., & Li, X. (in press). Predictability eliminates neighborhood
effects during Chinese sentence reading. Psychonomic Bulletin & Review.

Zang, C., Zhang, M., Bai, X., Yan, G., Paterson, K.B., & Liversedge, S.P. (2016).
Effects of word frequency and visual complexity on eye movements of young and
older Chinese readers. The Quarterly Journal of Experimental Psychology, 69(7),
1409-1425.

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

ChinaRxiv [$X]

Zhao, S., Li, L., Chang, M., Wang, J., & Paterson, K. B. (2021). A further look
at ageing and word predictability effects in Chinese reading: Evidence from
one-character words. The Quarterly Journal of Experimental Psychology, 74(1),
68-76.

Zhao, S., Li, L., Chang, M., Xu, Q., Zhang, K., Wang, J., & Paterson, K. B.
(2019). Older adults make greater use of word predictability in Chinese reading.
Psychology and Aging, 34(4), 780-790.

Zhu, Z., Wang, S., Xu, N., Li, M., & Yang, Y. (2019). Semantic integration
declines independently of working memory in aging. Applied Psycholinguistics,
40(6), 1481-1494.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202108.00114 Machine Translation


https://chinarxiv.org/items/chinaxiv-202108.00114

	Underlying Mechanisms of Prediction Error Costs in Chinese Reading in Older Adults
	Abstract
	Full Text
	The Mechanism of Prediction Error Cost in Chinese Reading for Older Adults
	2.1 Predictive Processing in Reading
	2.2 Predictive Processing and Aging
	2.3 Factors Influencing Predictive Processing in Aging
	2.4 Application of Co-registration Technology in Reading
	3 Research Plan
	3.1 Study 1: Effects of Aging on Prediction Error Cost in Chinese Reading
	3.2.1 Experiment 1: Effects of Parafoveal Information Availability on Prediction Error Cost in Older and Young Adults
	3.2.2 Experiment 2: Effects of Working Memory Load on Prediction Error Cost in Older and Young Adults
	3.2.3 Experiment 3: Differences in Prediction Error Cost Between Older and Young Adults with Different Language Abilities
	3.3 Study 3: Data Mining Integration to Construct a Predictive Processing Model for Older Chinese Readers
	4 Theoretical Construction and Innovation
	References


