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Autocorrection if→of function words in reading aloud: a novel 
marker of Alzheimer’s risk

Tamar H. Gollan1, Alena Stasenko1, Chuchu Li1, Denis S. Smirnov2, Douglas Galasko2, 
David P. Salmon2

1Department of Neurosciences, University of California, San Diego

2Department of Neurosciences, University of California, San Diego

Abstract

Objective: The current study investigated cognitive mechanisms underlying the ability to stop 

“autocorrect” errors elicited by unexpected words in a reading aloud task, and the utility of 

autocorrection for predicting Alzheimer’s disease (AD) biomarkers.

Method: Cognitively normal participants (total n=85; n=64 with CSF biomarkers) read aloud six 

short paragraphs in which ten critical target words were replaced with autocorrect targets, e.g., 

The player who scored that final [paint] for the local team reported [him] experience. Autocorrect 

targets either replaced the most expected/dominant completion (i.e., point) or a less expected/

nondominant completion (i.e., basket), and within each paragraph half of the autocorrect targets 

were content words (e.g., point/paint) and half were function words (e.g., his/him). Participants 

were instructed to avoid autocorrecting.

Results: Participants produced more autocorrect errors in paragraphs with dominant than with 

nondominant targets, and with function than with content targets. Cognitively normal participants 

with high CSF Tau/Aβ42 (i.e., an AD-like biomarker profile) produced more autocorrect total 

errors than those below the Tau/Aβ42 threshold, an effect also significant with dominant-function 

targets alone (e.g., saying his instead of him). A logistic regression model with dominant-function 

errors and age showed errors as the stronger predictor of biomarker status (sensitivity 83%; 

specificity 85%).

Conclusions: Difficulty stopping autocorrect errors is associated with biomarkers indicating 

preclinical AD, and reveals promise as a diagnostic tool. Greater vulnerability of function over 

content words to autocorrection in individuals with AD-like biomarkers implicates monitoring and 

attention (rather than semantic processing) in the earliest of cognitive changes associated with AD 

risk.
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Like many complex human behaviors, the ability to speak fluently is usually taken for 

granted. Spontaneous speech is produced at a rate of about 150 or more words/minute with 

only about 1-2 errors in every 1,000 words, all while being used in complex communicative 

exchanges in a variety of formats and contexts (Levelt, 1989). This high degree of fluency, 

accuracy and flexibility is quite remarkable given that during speech in natural settings 

each word must be selected rapidly from a lexicon of thousands of potentially competing 

candidates in concert with grammatical encoding needed to assemble a syntactic framework 

that outputs an ordered set of word forms and inflections. Additionally, speech and language 

production involves a complex coordination of multiple underlying cognitive skills including 

formulation of a message, lexical selection, planning of syntactic structure, and monitoring 

of planned speech to prevent errors prior to articulation.

Assessment of language is ubiquitous in neuropsychological evaluations. However, the 

focus is almost exclusively on retrieval of single words (e.g., picture naming, vocabulary, 

verbal fluency) with little attention paid to other aspects of language such as syntax and 

more complex language. Thus, the field of language assessment is ripe for development 

of new cognitive tests that might capitalize on the complexity of speech. These efforts 

have been hindered by challenges in eliciting, measuring and interpreting speech in a 

standardized manner in clinical settings. A useful method for eliciting fully connected 

speech in controlled laboratory settings is reading aloud of short paragraphs. This 

allows precise experimental control over what speakers say while engaging many of the 

cognitive mechanisms underlying spontaneous speech production (Gollan & Goldrick, 2018; 

MacDonald & Thornton, 2009; Moers et al., 2017).

Reading aloud reveals both pockets of preserved linguistic functioning and the presence 

of subtle cognitive impairments in Alzheimer’s disease (AD). An example is found in 

reports of a striking phenomenon in Spanish-English bilinguals with AD. When reading 

aloud short paragraphs written mostly in one language but with a small number of words 

switched to the other language, bilinguals spontaneously translated the written switch 

words to avoid producing language switches in their speech. These spontaneous translation 

“intrusion” errors occurred about 1% of the time overall, and more often (5-15%) when 

switch words were function words (Gollan et al., 2014; Gollan & Goldrick, 2018; Kolers, 

1966). Interestingly, bilinguals with AD produced more of these language intrusion errors 

in the read-aloud task than matched healthy controls even though their production requires 

rapid and automatic translation of written switch words (Gollan et al., 2017; Gollan et al., 

2020a).

A subsequent adaptation of the read aloud task with language switches revealed what 

seems to be a related phenomenon in monolinguals (Gollan et al., 2020b). Cognitively 

healthy older adult monolinguals read aloud short paragraphs in which a small number of 

words were replaced with malapropisms (i.e., words that are similar in form but not in 

meaning, producing a nonsensical utterance). For example, in a sentence like “Every day 

in the early morning hours the sunlight would barge through the window carton, waking 

Doug up…” the expected word curtain had been replaced with the target switch word 

carton. Participants were instructed to read aloud exactly what was written. Despite these 

instructions, participants were unable to stop themselves from producing the expected word 
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(i.e., they “autocorrected” to curtain) instead of the written target word about 16% of the 

time. The rate of autocorrection errors was higher in individuals with greater risk for AD 

based on lower Aβ1-42 levels in CSF (i.e., a marker of greater accumulation of amyloid in 

their brains).

The results from Gollan and colleagues (Gollan et al., 2020b) suggest that autocorrection 

errors during the read aloud task may be a sensitive marker of early breakdown of language 

processes due to preclinical AD. However, the clinical utility of the task for detecting early 

AD-associated cognitive decline remains unknown. It may also be possible to increase the 

potential clinical utility of the read aloud task if replacement of some types of words (e.g., 

function words) is more sensitive to AD risk than replacement of other types of words 

(e.g., content words). Gollan and colleagues (Gollan et al., 2020b) found that autocorrection 

errors were significantly higher for target function words (as in “…today he planned to eat 

oats what banana slices” - where the expected function word with had been replaced by 

the autocorrect target what) than for target content words (e.g., carton/curtain). A similar 

part-of-speech effect was observed in the bilingual version of the task (Gollan et al., 2017; 

Gollan et al., 2020a) suggesting a common mechanism underlying errors in both tasks. 

Though the part-of-speech effect was robust in the monolingual version of the task, the 

correlation between autocorrection errors and Aβ1-42 levels in CSF appeared to be equally 

strong for function and content words (i.e., there was no interaction between part-of-speech 

and the AD biomarker). Further investigation is needed since content and function words 

differed in many uncontrolled factors in these studies, which could have affected the results 

(e.g., function words tend to be shorter, higher frequency, and more predictable than content 

words; Bell et al., 2009). Additional research on the part-of-speech effect could also shed 

light on cognitive mechanisms underlying changes in how connected speech is planned and 

produced in speakers with AD.

Gollan et al. (2020b) did not explore potential diagnostic utility of autocorrection errors 

nor whether autocorrection errors might be useful for classifying participants as biomarker 

positive versus negative. However, in the read-aloud study with bilingual participants, the 

difference in the rate of intrusion errors between bilinguals with AD and controls was 

smaller on function than on content words, but only if the content words were also cognates 
which are translation equivalents that are similar in form (e.g., reason/razón, family/familia) 

(Gollan et al., 2020a). By contrast, intrusions on noncognate content words were rare, but 

were excellent for discriminating patients from controls in an earlier study which did not 

examine switches on cognates or function words (Gollan et al., 2017). Receiver Operating 

Characteristic (ROC) curve analyses in the two studies with bilinguals showed that the read 

aloud task provided very good to excellent diagnostic accuracy for distinguishing patients 

with AD from controls, depending on the type of target word. Area under the curve (AUC) 

values ranged from .71-.92, sensitivity values from .75-1.00, and specificity values from 

.68-.86 for intrusion errors on function and cognate words in the later study (Gollan et al., 

2020a) and noncognates in the dominant language in the earlier study (Gollan et al., 2017).

The current study was designed to further investigate the association between CSF 

biomarkers of AD and production of autocorrect errors with both content and function word 

targets during a read aloud task. Target word predictability was manipulated to determine 
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if increased predictability of function words caused them to be more prone to autocorrect 

errors. If, after controlling for predictability, autocorrect errors on function word targets 

are more sensitive to differences in biomarker status than errors on content word targets, it 

would suggest that the earliest cognitive changes associated with AD pathology primarily 

reflect differences in monitoring and attentional control (which are notoriously difficult with 

function words; Schotter et al., 2019; Staub et al., 2019). Alternatively, if autocorrect errors 

on content word targets are more sensitive than errors on function word targets, changes 

in semantic processing would be implicated, because content words elicit relatively more 

semantic processing than function words.

Method

Participants

Participants were recruited from the UCSD Shiley-Marcos Alzheimer’s Disease Research 

Center (ADRC). Annual ADRC evaluations included detailed clinical and medical history, 

brief medical examination, neurological and neuropsychological assessments, screening for 

depression and other psychiatric symptoms, assessment of functional activities of daily 

living, and laboratory tests (including genotyping for APOE). At least two ADRC board-

certified neurologists reviewed all information (in consultation with neuropsychologists) 

and classified each participant as cognitively normal or diagnosed them using current 

NIA-AA diagnostic criteria for AD (McKhann, et al., 2011), or published criteria for 

other neurodegenerative diseases with cognitive impairment (e.g., frontotemporal dementia, 

dementia with Lewy bodies). A subset of all the participants had lumbar puncture (LP) to 

obtain cerebrospinal fluid (CSF) for assessment of AD biomarkers. Information from the 

CSF analysis or from APOE genotyping was not used in the classification/diagnosis of 

participants. This research was approved by the UCSD Institutional Review Board.

Our study focused primarily on ADRC participants classified as cognitively normal for 

whom CSF AD biomarkers were available within 5 years of recruitment into the current 

study (n=64); unless otherwise stated, the analyses reported below included only these 

participants. An additional small sample of participants with probable AD (n=8) also 

completed the task and though the Figures illustrate their performance in dark grey, we 

excluded these participants from most statistical analyses to maintain focus on the utility 

of the autocorrect task for identifying individuals who are cognitively normal but at risk 

for developing AD based on CSF biomarkers. Finally, for our analysis of convergent 

validity (see Table 3) we included n=21 additional cognitively normal ADRC participants 

who completed the autocorrect task but did not contribute CSF biomarker data. Table 1 

shows participant demographics and selected neuropsychological test data from the most 

contemporaneous ADRC evaluation (usually within one year of the current study) as 

a function of CSF AD biomarker status (i.e., biomarker+ or biomarker−). The selected 

tests included global screening measures (DRS, Mini-Mental State Exam), and sensitive 

standardized tests of memory (California Verbal Learning Test-II [CVLT-II], language 

(fluency), Multilingual Naming Test [MINT], and executive function (Trail Making Test 

Parts A and B, Delis-Kaplan Executive Function Color-Word Interference Test [CWIT]). All 

but one participant reported English as their native language1,and all but two cognitively 
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normal participants exhibited English MINT scores within the normal range (Stasenko et 

al., 2019; Weintraub et al., 2018) with the vast majority at or close to ceiling on this proxy 

measure of English proficiency level (Gollan et al., 2012; Ivanova et al., 2013).

Materials

Autocorrect Task—Six paragraphs each with approximately 190 words (M=185, SD=24 

words) were created, with each paragraph including autocorrect targets that replaced 5 

content words and 5 function words. Autocorrect targets were words that resembled in 

written and phonological form either a highly expected (henceforth dominant) or a less 

expected (henceforth nondominant) completion in that context. Three of the paragraphs had 

autocorrect targets that resembled the dominant completions and 3 had autocorrect targets 

that resembled the nondominant completions.

Dominance had been determined in a pilot study by replacing the target words in each 

paragraph with blank spaces and asking 9 cognitively normal individuals (who did not 

participate in the current study) to read the paragraphs silently and fill in the missing words. 

Words generated by a majority of the normal individuals were considered dominant, and 

those generated by a minority were considered nondominant. On average, words used to 

create the dominant autocorrect targets were generated by 64.5% (SD=14.6) and 64.2% 

(SD=6.7; t<1) of individuals for content and function words, respectively. Words used to 

create the nondominant autocorrect targets were generated by 8.8% (SD=2.7) and 11.2% 

(SD=3.5; t=1.29, p=.22) of individuals for content and function words, respectively. An 

example paragraph with generated responses (dominant/nondominant) from the pilot study 

is shown below.

Dominant/nondominant words generated with the fill-in-the-blank pilot study:

The health of vulnerable citizens is receiving some attention. A new question 

doctors and nurses are asking patients is if/do they have enough food to eat. 

Public health officials/personnel say the answer often is "not really." So-called 

Food Insecurity has become a real concern among/with seniors. More than 5 

million older Americans don't have enough food to lead a healthy life — a figure 

that has increased/grown in the last two decades. In response, food banks are 

increasingly meeting seniors where they/most get their health care, and hospitals 

are sending patients home with food. Organizers call it a food pharmacy, with 

patients receiving/getting a prescription for what to pick up. Some shelves have 

high-calorie foods for cancer patients to keep their weight up. Others have low-

sugar foods/content for people with diabetes or low-sodium items for patients 

with hypertension. The pantry operates mostly on/from grant funding. The biggest/
other challenge is keeping it fully stocked with important and/yet more expensive 

items like fresh produce and spices, which can be used to help patients keep some 

flavor while limiting salt in their diet.

1This information was missing for a few participants but all three had high English proficiency based on their English MINT scores, 
which were at or close to ceiling (i.e., 30, 31, and 32 out of a total possible score of 32).
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Autocorrect target words were created for the dominant and non-dominant expected words 

in each of the six study paragraphs and substituted in the expected words’ place. Within each 

paragraph expected content and function target words were matched for predictability based 

on the pilot study results. Edit distance between expected words and autocorrect targets was 

2.3 - 2.4 letters on average for all target types, except for dominant function targets which 

differed from the expected word by fewer letters (only 1.4 on average, all ps≤.02). Because 

of this difference, we repeated the analyses of item type when controlling for edit distance.

An example of a paragraph with the dominant and nondominant autocorrect targets (bolded 

dominant/nondominant) is shown below (e.g., the autocorrect target “of” replaced the 

dominant completion “if” in the second sentence). In this example, autocorrect target words 

are underlined and bolded for illustration purposes (a different font and spacing are also 

used); no words were underlined in materials shown to participants. In the actual study, each 

paragraph was presented in its entirety on a Power-point slide in black ink, using Calibri 

(Body) font size 16 with double line spacing.

Dominant/nondominant autocorrect targets:

The health of vulnerable citizens is receiving some attention. A new question 

doctors and nurses are asking patients is of/to they have enough food to eat. 

Public health offices/percentiles say the answer often is "not really." So-called 

Food Insecurity has become a real concern almost/within seniors. More than 5 

million older Americans don't have enough food to lead a healthy life — a figure 

that has uncrossed/grain in the last two decades. In response, food banks are 

increasingly meeting seniors where the/more get their health care, and hospitals 

are sending patients home with food. Organizers call it a food pharmacy, with 

patients receding/guessing a prescription for what to pick up. Some shelves have 

high-calorie foods for cancer patients to keep their weight up. Others have low-

sugar fads/constant for people with diabetes or low-sodium items for patients with 

hypertension. The pantry operates mostly an/few grant funding. The buckets/order 
challenge is keeping it fully stocked with important as/you more expensive items 

like fresh produce and spices, which can be used to help patients keep some flavor 

while limiting salt in their diet.

AD Biomarker Acquisition—Standard protocols were followed for assessment of 

AD biomarkers including pre-analytical preparation and storage of CSF and plasma 

(Vanderstichele et al., 2012; Xiao et al., 2017). In brief, CSF (20–30 mL) was collected 

by lumbar puncture in the early morning after overnight fasting. Samples were processed, 

aliquoted into 500 μL fractions in polypropylene microtubes, snap frozen and stored 

at −80°C until assayed. Levels of Aβ1-42 (Aβ42), Aβ1-40 (Aβ40), total Tau and 

phosphorylated tau (pTau) in CSF were analyzed using fully automated chemiluminescent 

assays (Lumipulse, Fujirebio, Belgium). The ratios of Aβ42/40 and pTau/Aβ42 were 

calculated. CSF samples were run blind to diagnosis. Biomarker threshold cutoffs (positive 

vs. negative) were derived as the optimal cut-points maximizing the Youden index (i.e. 

Sensitivity + Specificity – 1) from a ROC analysis of a larger data set of 140 patients 

clinically diagnosed with AD and 266 cognitively normal individuals (Galasko et al., 2019). 
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Participants were divided into groups based on a Tau/Aβ42 threshold level with values above 

0.609 classified as biomarker positive (AD biomarker+) and .609 or lower as biomarker 

negative (AD biomarker−).

Procedure

The paragraph reading task with autocorrect targets was administered as part of a remote 

evaluation carried out through interactive video (Zoom video telephone conferencing 

software) that included a brief interview to assess general health and well-being, evaluation 

of vision and hearing sufficient to see and hear the examiner clearly, a paragraph reading 

task (without autocorrect words) to assess naturalistic language production, and a brief 

“telephone” cognitive assessment (the T-Cog of the National Alzheimer’s Coordinating 

Center [NACC] Uniform Data Set [UDS]) that included tests of number span, category 

fluency, story recall, and a telephone version of the Montreal Cognitive Screening 

Assessment (T-MoCA). Participants were tested one-on-one on a tablet, laptop or personal 

computer with a screen size of at least 11 inches. To mitigate order effects, half of the 

participants completed the autocorrect task first, prior to the other components of the 

evaluation, and half completed the autocorrect task last, after the other components of the 

evaluation.

The six autocorrect paragraphs were presented in a fixed order (1-6) alternating between 

dominant and nondominant versions every other paragraph. Half of the participants began 

with a dominant version of paragraph 1 and half with a nondominant version of the 

same paragraph (i.e., dominance was counterbalanced across paragraphs and participants). 

Participants were instructed as follows: “In this task, you will be reading paragraphs aloud. 
Please read each paragraph as accurately as you can at a comfortable pace. You will notice 
that some of the words are not written correctly. Despite this, try to read them exactly as they 
are written. Do you have any questions?” A practice paragraph of about 100 words, with 

2 content and 2 function words replaced by autocorrect targets, was presented before the 

test paragraphs. Participants then read aloud the 6 autocorrect task paragraphs. Participants’ 

reading was audio recorded for later scoring to ensure accuracy. The number of errors 

committed on each type of target word (function vs. content, dominant vs. nondominant) 

was scored.

Statistical Analysis

Mann-Whitney U and Fisher’s exact tests were used to examine group differences on 

demographic variables and cognitive measures. Given non-normal distribution of biomarker 

and some neuropsychological test values, Spearman rank correlations were used to test 

bivariate relationships between biomarker values and autocorrect errors (see Table 2), 

and between autocorrect errors and common standardized neuropsychological test scores 

(see Table 3). Given the exploratory nature of the correlations, no correction for multiple 

comparisons was applied. Generalized mixed effect models (using the ‘glmer function in 

R) were used to analyze the effects of biomarker (Tau/Aβ42 ratio; negative vs positive), 

paragraph type (dominant vs. nondominant), part of speech (function word vs. content word) 

and their interactions on the ability to predict autocorrect errors after controlling for age, 

sex, APOE ε4 status (presence/absence), education, Levenshtein edit distance2, target word 

Gollan et al. Page 7

Neuropsychology. Author manuscript; available in PMC 2024 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



length, paragraph reading times, and the interval between the testing on the autocorrect task 

and the date of biomarker sampling. Paragraph type and part of speech predictors were 

contrast coded (−.5 vs. .5). All continuous variables were centered and scaled (i.e., converted 

into z-scores). Participants and paragraphs were entered as random intercepts with related 

random slopes (i.e., paragraph type, part of speech, and their interaction for participants, 

and Tau/Aβ42 level for paragraphs). Significance was assessed via model comparisons 

(Barr, Levy, Scheepers, & Tily, 2013). Finally, logistic regressions and Receiver Operating 

Characteristic (ROC) curves were used to evaluate the ability of autocorrect errors to 

correctly classify participants as AD biomarker positive versus negative.

Transparency and Openness

We follow Journal Article Reporting Standards (JARS; Kazak, 2018) and report how we 

determined our sample size, all data exclusions (if any), all manipulations, and all measures 

collected in the study. All study data, analysis code, and research materials are available at 

[https://osf.io/cnh9w/]. Data were analyzed using R version 4.0.3 (R Core Team, 2020) and 

the package lme4 version 1.1.26 (Bates et al., 2015). Study design and analyses were not 

pre-registered.

Results

Demographic and cognitive variables.

Cognitively normal participants with positive AD biomarker status were significantly older, 

and had slower performance on Trails A and B, and made marginally more errors on the 

CWIT Inhibition/Switching subtest, but otherwise did not differ significantly from those 

with negative biomarker status on any other demographic measures, neuropsychological 

tests, reading speed, or rate of self-correction of autocorrect errors (see the left side of Table 

1).

Correlations with autocorrect errors.

Correlations between autocorrect errors and several biomarkers including total Tau level, 

Aβ42, and the Aβ42/40 and Tau/Aβ42 ratios are shown in Table 2. Total Tau level, the 

Tau/Aβ42 ratio, and the Aβ42/40 ratio were correlated with all autocorrect errors and 

with errors on function words in the dominant paragraphs. We focus on total Tau/Aβ42 

in subsequent analyses given recent evidence of its utility for classifying individuals 

with Alzheimer’s pathology (Hansson et al., 2018). Table 3 shows correlations between 

autocorrect errors and other commonly used neuropsychological tests for discriminant 

validity. For these analyses we maximized power by including all participants tested on 

the autocorrect task including those with and those without biomarker data.

Generalized mixed effects models.

The results of our main analysis using a generalized mixed effects logistic regression are 

shown in Figure 1a with model results in Table 4. Participants made more autocorrect errors 

2Levenshtein distance between two words is the minimum number of single-character edits (insertions, deletions, or substitutions) 
required to change one word into the other.

Gollan et al. Page 8

Neuropsychology. Author manuscript; available in PMC 2024 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://osf.io/cnh9w/


on function than on content words targets, a main effect of part of speech (M = 17.9% (SD 
= 11.5%) vs. 7.2% (SD = 6.83%); p < .001), and more autocorrect errors when reading 

dominant than non-dominant paragraphs, a main effect of paragraph type (M = 15.0% (SD 
= 8.49%) vs. 1.1% (SD = 9.28%); p < .001). Participants who were biomarker positive 

produced more autocorrect errors than participants who were biomarker negative, a main 

effect of the Tau/Aβ42 ratio (p = .013). Paragraphs with autocorrect targets on dominant 

function words appeared to be especially error prone in individuals with positive Tau/Aβ42 

ratios (see Figure 1), but none of the interactions were significant (ps > .16). In addition to 

these main effects of primary interest, some of the control factors also produced significant 

results; males produced more errors than females (M = 13.2% (SD = 8.79%) vs. 10.2% (SD 
= 5.43%); p= .035), participants produced fewer errors on longer words (p = .017), and more 

errors on autocorrect targets with shorter edit distance from the expected word completions 

(p < .001). The main effects of edit distance and length are illustrated in Figures 1b-1c.

Given our main aim to determine which types of autocorrect targets might be most sensitive 

to biomarkers, we further explored if the significant effects we observed generalized across 

the different types of targets (see bottom of Table 4). In these analyses, the main effect of 

Tau/Aβ42 was significant only on dominant function words (β = .673, SE β = .241, χ2= 

7.820, p = .005), but not on the other three types of words (ps > .10). Similarly, the main 

effects of gender and word length were also significant only on dominant function words 

(ps < .05; though the latter effect was in the opposite direction as shown in Figure 1c and 

appeared to be driven by two relatively long and highly error prone autocorrect/expected 

target pars i.e., though/through and always/around), but not on all other types of words (ps 

> .25). By contrast, all four types of targets exhibited significant effects of edit distance (ps 

< .001). Finally, within dominant paragraphs (and overall), reading times had no significant 

effects, but in nondominant paragraphs, participants with slower reading times also tended to 

produce more autocorrect errors.

In light of previous results by Gollan et al. (2020b), we examined the interaction between 

age and the Tau/Aβ42 ratio (as a continuous variable) on production of autocorrect errors 

while controlling for sex, education, and APOE genotype. The interaction between age and 

the biomarker on autocorrect errors was not significant in a model with all target words (b = 

.07; SE = .07; χ2 =1.05. p = .307), not significant in a model with only dominant function 

word targets (b = .02; SE = .07; χ2 < 1), and also not significant when using total Tau or the 

Aβ42/Aβ40 ratio instead of the Tau/Aβ42 ratio (ps ≥ .31).

Diagnostic utility of autocorrect errors

Figure 2 shows ROC curves and areas under the curve (AUC) for autocorrect 

errors on function (A) or content (B) word targets, and for comparison on standard 

neuropsychological tests (C) of memory (CVLT learning), executive functions (CWIT 

inhibition), and a neuropsychological composite score (i.e., mean z-score of all tests listed 

in Table 3). The AUC was significant for autocorrect errors on function word targets in 

dominant paragraphs (AUC = .76; SE = .07; p = .003), but not for any of the other error 

types or for neuropsychological measures (ps > .05; Figure 2). A cut-off score of 3 or more 

function dominant errors achieved 71% sensitivity and 72% specificity.
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To further examine potential diagnostic utility of autocorrect errors, we conducted binary 

logistic regressions (controlling for age) to examine if autocorrect errors could classify 

participants by biomarker status (i.e., positive or negative for AD pathology based on the 

Tau/Aβ42 ratio). A model including errors on function dominant word targets and age was 

significant (χ2 (1) = 14.51; p < .001; Nagelkerke R-square = .31) and correctly classified 

biomarker status in 84% of participants (sensitivity = 83%; specificity = 85%), with errors 

explaining unique variance over and above the effect of age (Wald χ(1)=5.45; p = .019; 

odds ratio = 1.59; 95% CI = [1.08, 2.35]. None of the other three error types significantly 

predicted biomarker status when considered along with age (all model ps ≥ .180).

We carried out additional simultaneous logistic regressions with errors on function dominant 

targets and any measure from Table 1 which showed marginally significant or significant 

differences between biomarker positive vs. negative groups. Controlling for age, both errors 

on function dominant words and performance on Trails A uniquely predicted biomarker 

status (function dominant errors: Wald χ(1) = 5.74; p = .017; odds ratio = 2.74; 95% CI of 

odds ratio = [1.20, 6.25]; Trails A: Wald χ(1) = 5.13; p = .024; odds ratio = 2.72; 95% CI 

of odds ratio = [1.14, 6.46]. When considered along with Trails B, only function dominant 

errors uniquely predicted biomarker status (Wald χ(1) = 4.81; p = .028; odds ratio = 2.44; 

95% CI of odds ratio = [1.10, 5.42], and Trails B was marginally significant (Wald χ(1) = 

3.41; p = .065; odds ratio = 1.90; 95% CI of odds ratio = [0.96, 3.77]). In a third model, 

function dominant errors were just significant (Wald χ(1) = 3.82; p = .051; odds ratio = 

2.21; 95% CI of odds ratio = [1.00, 4.88], while Inhibition/Switch errors were marginally 

significant (Wald χ(1) = 3.13; p = .077; odds ratio = 2.01; 95% CI of odds ratio = [0.93, 

4.34] as predictors of biomarker status. These analyses suggest that function dominant errors 

explain unique variance for predicting biomarker status in cognitively normal participants 

relative to other standardized neuropsychological measures on which our groups differed.

Examination of autocorrect errors in probable AD.

Finally, we explored whether participants with a diagnosis of probable AD would also 

overproduce autocorrect errors or if this phenomenon would be observed only in cognitively 

healthy participants. For this purpose, we compared 8 participants with AD to a case 

control matched3 subset of cognitively healthy control participants who were biomarker 

negative, and matched for age, years of education, and gender. Table 5 shows participant 

characteristics, and performance on a subset of the neuropsychological tests and the 

autocorrect task. Participants with probable AD produced more autocorrect errors than 

matched controls, thereby exhibiting a similar general pattern as already reported for 

biomarker positive participants. Additionally, there was some suggestion that participants 

with probable AD produced more autocorrect errors than matched controls in a more 

generalized manner across different types of autocorrect targets; the difference between 

groups was significant for both function dominant and content nondominant targets, and 

ROC curve analyses showed AUC values above .7 for all but one target type (i.e., function 

dominant AUC=.88; function nondominant AUC=.72; content dominant AUC=.59; content 

3Case control matching was done with SPSS v28, sampling without replacement, maximizing matching performance, and allowing for 
“fuzzy” matches.
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nondominant AUC=.75; all errors AUC=0.84). Though these data must be viewed as 

preliminary given the very small number of participants, they provide some evidence that 

at least in relatively early stages of dementia participants have more difficultly stopping 

themselves from producing autocorrections than controls. This evidence is also useful for 

pinpointing the cognitive mechanisms underlying autocorrection.

Discussion

The results of the present study revealed a number of key findings that replicate and build 

on previous research using the autocorrect task. First, replicating our previous study (Gollan 

et al., 2020b), cognitively healthy participants who may be at risk for AD based on CSF 

biomarkers produced more autocorrect errors when reading aloud than individuals not at 

risk, suggesting that increases in autocorrect errors can be observed in preclinical AD (and 

preliminary data with a small number of participants suggested the same may be true for 

individuals with probable AD). Critically, the present study also suggests that the autocorrect 

task might be useful in clinical settings and provide some guidance as to how to further 

develop the task to maximize its potential use for this purpose. Autocorrect errors, were 

good for making categorical discriminations between biomarker positive versus negative 

individuals, especially function word targets in paragraphs in which the autocorrect targets 

replaced the dominant expected completion word. Additionally, target words that were more 

similar to (i.e., with shorter edit distance from) their expected completions elicited more 

errors— this effect was highly robust for both parts of speech (function, content), and in 

both types of paragraphs (dominant, nondominant). We also observed target word length 

effects (shorter targets were more likely to elicit autocorrect errors than longer targets), and 

provided preliminary evidence on convergent and discriminant validity for the autocorrect 

task. Errors on function word targets in dominant paragraphs exhibited low-to-moderate 

correlations with CWIT Inhibition and Inhibition/Switching scores, showing convergent 

validity, but were not significantly correlated with test scores from other domains (e.g., 

memory, language), showing discriminant validity. Importantly, autocorrect errors appeared 

to be as sensitive as other neuropsychological test scores for identifying biomarker positive 

individuals (e.g., see Table 1; Figure 2), suggesting that the autocorrect task may be a useful 

addition to a cognitive assessment test battery.

Theoretical Implications and Potential Clinical Utility

Our replication of the correlation between AD biomarker levels and autocorrect errors 

increases confidence in the potential diagnostic utility of the task, and other aspects of the 

results we reported provide clues to underlying cognitive mechanisms. A priori, we did not 

know if AD risk should be associated with more or with fewer autocorrect errors since 

autocorrection requires interpretation of semantic context in a manner that leads expected 

target words to compete for selection during planning of speech for production. The lower 

rate of errors in paragraphs where autocorrect targets replaced less expected targets (i.e., 

the nondominant paragraphs) relative to when they replaced more expected targets (i.e., 

the dominant paragraphs) suggests that the ability to generate expectations from semantic 

context remains intact in preclinical AD. On the other hand, avoiding autocorrect errors 

requires the ability to control competition between the expected words and the written 
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autocorrect targets – an ability that is impaired in individuals with more AD pathology. The 

task is less sensitive to AD biomarkers in nondominant than dominant paragraphs because 

the autocorrect target is similar to a less expected word and therefore elicits less robust 

response competition.

These results contribute additional evidence as to whether errors on function or content 

words are more sensitive to AD risk in reading aloud tasks. A priori we might have expected 

content words to exhibit greater sensitivity to AD given that memory for semantic content 

is sensitive for predicting who will eventually develop dementia (for review see Belleville et 

al., 2017; Han et al., 2017). Longitudinal studies also revealed subtle changes in semantic 

content of spontaneous language samples years before diagnosis of AD (e.g., lower idea 

density in written diaries of nuns; Snowdon et al., 1996; increased use of generic terms in 

picture description such as girl instead of sister/daughter in the Cookie Theft picture, Eyigoz 

et al., 2020, for review see Venneri et al, 2018), and language tests that require semantic 

processing (e.g., picture naming, semantic fluency, Papp et al., 2016) also accurately predict 

which individuals with MCI will convert to AD (on average 31 months later in a meta-

analysis by Belleville et al., 2017).

While AD risk was associated with increased likelihood of autocorrection errors, it is 

unlikely that this is a consequence of diminished semantic processing since function word 

targets elicited more autocorrect errors than content word targets (see Figure 1), and function 

words better discriminated biomarker positive from negative individuals than content 

words (see Figure 2). Additionally, autocorrect errors were not significantly correlated 

with other semantic processing tasks (see Table 3), and participants with AD produced 

more autocorrect errors even though they likely had semantic deficits (see verbal fluency 

performance in Table 5). Instead, reading aloud may exploit points of convergence between 

relatively automatic syntactic processing vs. more attention demanding processes that are 

needed to monitor planned speech to avoid producing errors. These processes may be highly 

sensitive to AD biomarker levels even before the onset of clinical symptoms. While retrieval 

of function words relies less on semantic processing than retrieval of content words (and 

syntactic processing remains relatively intact in AD; Gollan et al., 2017; 2020), its ballistic 

nature makes monitoring to prevent production of errors more difficult (Schotter et al., 

2019; Staub et al., 2019). In particular, the conflict between a highly expected function 

word and a formally similar autocorrect target is substantial and difficult to monitor. This 

interpretation fits with suggestions that attention and selection4 are more effective than 

semantic processing in identifying preclinical AD (as reviewed above, e.g., see Balota 

et al., 2010; Aschenbrenner et al., 2015). Consistent with the idea that executive control 

may be critical for preventing autocorrect errors, Table 1 shows significant differences 

between participants with positive vs. negative AD biomarkers on other executive control 

measures (Trails B), and the only neuropsychological test that was significantly correlated 

4Importantly, there was no evidence of speed-accuracy trade-offs. Overall, reading speed did not affect production of autocorrect 
errors, and also not in dominant paragraphs alone (see Table 4). Participants with slower reading times produced more errors in 
reading aloud the nondominant paragraphs, but these paragraphs were not good for classifying participants into biomarker positive 
versus negative groups.
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with autocorrect errors was the CWIT (Color Word Interference Test) – i.e., another measure 

of executive control.

Importantly, executive and attentional control tasks have also been identified as highly 

sensitive to AD pathology (e.g., Aschenbrenner et al., 2015; Susanto et al., 2015), and some 

have suggested that what appears to be a memory deficit could instead reflect decline in 

attentional control (e.g., Johnson et al., 2003 suggested lower story recall in AD is caused by 

diversion of attention from the episodic buffer to the task of producing speech; for possibly 

related work on the nature of deficits in story recall, see Mueller et al., 2020). In line with 

this view, the ability to control production of errors on incongruent trials in a computer 

administered version of the Stroop task was found to be more sensitive to prodromal AD 

than any one of 17 other most commonly used neuropsychological tests including memory 

tests (Balota et al., 2010; Hutchison et al., 2010). Though color words are content words, 

their repeated production out of syntactic context in the Stroop task likely changes the nature 

of their retrieval, perhaps implicating top-down intentional control more than semantic 

processing (Roelofs, 2021).

The deficits we observed on the autocorrect task in biomarker positive individuals (many 

of whom we assume have preclinical AD) are consistent with the early development of AD 

pathology in cortical areas and circuits critical for attentional control. One of the earliest 

areas of amyloid deposition in cognitively normal individuals with preclinical AD is the 

anterior cingulate cortex (ACC; Grothe et al., 2017), a brain region strongly implicated in 

attentional control (Shenhav et al., 2013). Amyloid deposition in the ACC may directly 

reduce the efficiency of attentional networks (Gordon et al., 2015), making the autocorrect 

task more sensitive to the effects of this pathology than traditional neuropsychological tests. 

Within this mechanistic framework, poor performance on the autocorrect task should be 

correlated with AD biomarkers, as we found, and is likely to be a harbinger of further 

cognitive decline due to AD that will eventually become apparent on standard cognitive 

tests. Consistent with this possibility, errors on similar attentional control tasks have been 

shown to predict conversion from cognitively normal to dementia in those with a positive 

biomarker of AD (Balota et al., 2010), and we observed similar patterns of deficits on the 

autocorrect task in biomarker positive participants as in those with mild dementia due to AD. 

Given how different the autocorrect task is from related tasks studied to date (e.g., Stroop, 

task-switching), these results suggest that it might be useful as a unique part of a composite 

battery of tests focused on attention that could be used to track neurodegenerative effects on 

cognition (Aschenbrenner et al., 2020).

Constraints on Generality and Study Limitations

Longitudinal studies will be needed to verify that the autocorrect task identifies individuals 

who eventually go on to develop AD. Herein, we assumed that because the production of 

autocorrect errors is associated with AD biomarker positivity (e.g., high Tau/AB42 ratio), 

it is a cognitive deficit that signals a significant impact of early AD pathology in brain 

regions important for attentional control. If this interpretation is correct, then autocorrect 

errors should be predictive of eventual development of dementia, particularly in the context 

of AD biomarker positivity (Dubois et al., 2021).
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Additional work also will be needed to replicate the findings we reported with larger 

numbers of participants, and to determine how to maximize diagnostic sensitivity of the 

test. It is not known if the presence or proportion of different types of targets within each 

paragraph affects sensitivity to AD pathology reflected in CSF biomarkers. In the present 

study, we intermixed autocorrect content and function word targets in equal numbers within 

each paragraph and part-of-speech effects might have depended on this factor. Autocorrect 

errors could go up even further if only function word targets are replaced. Such a result 

would suggest that some of the test’s sensitivity to preclinical AD can be undermined by 

application of effortful attention. Note that participants produced errors on a minority of 

autocorrect targets, and though they self-corrected some of their errors (Table 1), most of 

the time they seemed not to notice the errors. Alternatively, paragraphs without function 

word targets could increase the sensitivity of autocorrect errors on content words to AD 

biomarkers, if only individuals with AD pathology have trouble monitoring such errors. 

Similar work is needed to further develop the bilingual version of the read aloud task with 

language switches. The strongest ROC results were found in previous studies when switches 

only occurred on noncognate content words (Gollan et al., 2017), but such switches did 

not discriminate patients from controls as well in a study in which half of the paragraphs 

had switches only on cognate and noncognate content words, while the other half of the 

paragraphs had switches only on function words (Gollan et al., 2020b).

Additional remaining questions concern apparent differences between the results of the 

present study and those of Gollan et al. (2020b). In the current study, total Tau level and 

the Tau/Aβ42 ratio best predicted autocorrect errors while in Gollan et al. (2020b) total Tau 

was not significantly correlated with autocorrect errors. This discrepancy could be due to 

different sensitivity in the assays used in the two studies (a fully automated Lumipulse assay 

(Fujirebio, Inc.) in the present study and an ELISA assay (ADx; Sutphen et al., 2015) in 

the previous study), or differences in study participants. Correlations between behavioral 

measures and either CSF Aβ42 or CSF Tau are common in the literature (Ibarra et al., 

2021; Milà-Alomà et al., 2020). Finally, Gollan and colleagues reported that the oldest-old 

participants with the most AD-like biomarkers produced the most autocorrect errors (Gollan 

et al., 2020b). It is not known why we did not observe this interaction in the current study; 

many methodological differences between the two studies might have been critical. Perhaps 

most notably, only half the paragraphs in the present study had autocorrect targets that 

replaced the most expected completions.

Other limitations were that testing was done via ZOOM (due to COVID-19 restrictions), 

and our experimental manipulation of paragraph type likely reduced power to observe 

differential sensitivity of different types of autocorrect targets (e.g., each participant only 

completed 3 paragraphs with autocorrect targets replacing dominant expected completions). 

Additionally, our sample was predominantly White and most participants were highly 

educated. Thus, it is not known if autocorrect errors would be sensitive to AD pathology 

in more diverse participants with lower education level (but see possibly related effects 

in Spanish-English bilinguals with lower education level in Gollan et al., 2017; 2020a). 

Additional work with larger samples will be needed to explore the effects of gender (males 

produced more errors than females) and education level (individuals with lower education 

level produced marginally more errors). Finally, biomarkers were collected in closer 
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proximity in time to the standard neuropsychological tests than to the autocorrect task (see 

Table 1). This could have affected which tests best predict AD biomarker levels, although, 

if anything, this should have biased in favor of neuropsychological tests administered closer 

in time to CSF collection. Overall, additional work will be needed to determine how to 

maximize the potential diagnostic utility of the autocorrect task, and the extent to which it 

will be useful in more diverse participants.

Conclusion

The autocorrect task is simple to perform, easy to administer, and exhibits promise as 

a diagnostic test for early, preclinical AD pathology. Most of the time participants read 

aloud fluently and did not even notice when they produced autocorrection errors (see 

self-correction rates in Table 1). Additional work is needed to determine which type of 

autocorrect target is most effective for detecting increased risk of AD in cognitively normal 

individuals. The autocorrect task will make a welcome addition to the neuropsychologist’s 

toolkit since it is sensitive to CSF biomarkers of AD pathology and measures a unique 

aspect of language that is seldom assessed in current standard practice.
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Key Points:

Question:

This study investigated if it is possible to determine who might be at risk for Alzheimer’s 

disease using a simple reading-aloud task with an instruction to avoid correcting words 

that were written incorrectly (e.g., carton instead of curtain).

Findings:

Participants at risk for AD based on CSF biomarkers had more difficulty stopping 

themselves from autocorrecting misspelled words, especially if they were highly 

expected function words (e.g., this is not they word you were expecting).

Importance:

These results suggest that the earliest cognitive changes associated with AD pathology 

are primarily related to attentional control more than to semantic processing, and provide 

a novel psycholinguistic marker of AD risk.

Next Steps:

Additional work is needed to determine what types of paragraphs, and what types of 

target words best discriminate individuals who may be at greater risk for AD, and to 

follow participants longitudinally to confirm that individuals identified as at risk by this 

task are in fact more likely to eventually develop AD.
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Figure 1a. 
Percent of autocorrect targets that elicited autocorrect errors by part of speech, paragraph 

type, and Tau/Aβ42 ratio for cognitively normal participants who were biomarker negative 

(n=50), cognitively normal participants who were biomarker positive (n=14), and for 

illustrative purposes in a small group of participants with probable AD (n=8) who were not 

included in the main analysis (note: all but one participant with Probable AD was biomarker 

positive). Error bars refer to 95% confidence intervals.
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Figure 1b. 
Percent of autocorrect errors for target words that differed by 1 to 5 letters from their 

expected completions for cognitively normal participants who were biomarker negative 

(n=50), cognitively normal participants who were biomarker positive (n=14), and for 

illustrative purposes in a small group of participants with probable AD (n=8) who were 

not included in the main analysis. Error bars refer to 95% confidence intervals around the 

best fitting regression line.
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Figure 1c. 
Percent of autocorrect errors for function word targets of different lengths in dominant 

paragraphs for cognitively normal participants who were biomarker negative (n=50), 

cognitively normal participants who were biomarker positive (n=14), and for illustrative 

purposes in a small group of participants with probable AD (n=8) who were not included 

in the main analysis. Error bars refer to 95% confidence intervals around the best fitting 

regression line.
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Figure 2. 
Receiver operating characteristic (ROC) curves classifying biomarker status (Tau/AB42 

threshold) for 64 cognitively normal participants based on A) function errors, B) content 

errors, and C) selected neuropsychological tests

Note. ** p < .01; significant effects are bolded. AUC = Area Under the Curve; CI = 

confidence interval; CWIT = Color Word Interference Test; CVLT 1-5 = California Verbal 

Learning Test - Trials 1-5; NP = neuropsychological
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Table 1.

Demographics and test scores for biomarker positive vs. negative participants, and for all cognitively normal 

participants tested on the autocorrect task (collapsing those with and those without biomarker data).

Participants with available biomarkers
(n=64)

All participants (n=85)

Biomarker +
(n=14)

Biomarker −
(n=50)

p-value

Sex (Female/Male) 7/7 26/24 1.00 46/39

APOE-4 Status (+/−)a 8/6 18/31 .223 29/54

Ethnicity (Non-Hispanic/Hispanic) 14/0 49/1 1.00 82/3

Race (White/Asian) 13/1 50/0 .219 84/1

M SD M SD p-value M SD

Age in years 78.86 5.48 74.56 4.59 .009 76.21 5.86

Education level in years 17.64 2.71 17.44 2.10 .382 17.42 2.11

MMSE (/30) 29.43 0.76 29.28 1.42 .703 29.36 1.17

DRS (/144) 139.57 4.33 139.70 2.94 .725 139.80 3.09

CVLT II Trials 1-5 49.79 10.36 51.48 9.22 .708 51.13 10.03

CVLT Long Delay Free Recall 10.86 2.07 11.18 3.47 .573 11.25 3.23

Trails A 35.50 9.31 28.66 7.08 .009 30.94 9.00

Trails B 94.57 34.21 74.70 23.25 .021 76.87 26.87

Letter fluency (FAS) 45.64 11.51 47.10 10.00 .770 47.65 10.91

Semantic fluencyb 53.00 8.29 53.46 10.34 .571 53.45 10.96

MINT 30.64 2.13 31.22 1.04 .741 31.07 1.45

CWIT Inhibition 65.86 15.99 60.42 10.66 .338 61.24 11.55

CWIT Inhibition errors 0.14 0.36 0.12 0.44 .520 0.19 0.55

CWIT Inhibition/Switching 69.86 17.62 63.08 12.28 .249 64.33 12.90

CWIT Inhibition/Switching errors 1.14 1.75 0.30 0.68 .052 0.54 1.12

Interval b/w LP and Autocorrectc 41.71 17.47 33.82 14.05 .139 35.55 15.08

Interval b/w LP and NP testingc 27.43 16.47 19.16 13.75 .207 -- --

Autocorrect Task

 Function dominant 4.50 2.14 2.74 1.66 .003 3.16 1.92

 Function nondominant 2.86 2.69 1.62 1.44 .200 1.69 1.72

 Content dominant 1.50 1.51 1.02 0.92 .429 1.15 1.10

 Content nondominant 1.36 1.74 0.70 0.97 .203 0.87 1.18

 Self-corrected content words (%) 30.1 31.5 30.1 34.9 .515 28.5 32.9

 Self-corrected function words (%) 31.4 20.2 28.0 25.9 .959 28.8 25.0

 Paragraph reading time (sec) 85.64 17.11 81.15 8.03 .655 82.47 11.29

Note. Values for continuous variables are represented as means (standard deviation). Group differences significant at p < .05 are bolded based on 
a Mann Whitney U test for continuous variables and Fisher’s exact for categorical variables. MMSE = Mini-Mental State Examination; DRS = 
Dementia Rating Scale; CVLT = California Verbal Learning Test; MINT = Multilingual Naming Test (32 item UDS NACC version); CWIT = 
Color Word Interference Test; LP = lumbar puncture

a
Two participants had a missing value for APOE-4 status
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b
Sum of animals, fruits, and vegetables

c
Interval expressed in months; NP = all cognitive tests other than the Autocorrect task
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Table 2.

Spearman bivariate correlations between autocorrect errors and four CSF biomarkers (n=64)

Variable All
errors

Function-
dominant

Function-
nondominant

Content-
dominant

Content-
nondominant

Tau .265* .416*** .093 .088 .201

Aβ42 −.106 −.147 −.039 −.056 .085

Tau/Aβ42 .251* .393** .067 .131 .107

Aβ42/40 −.284* −.364** −.188 −.075 −.084

Note.

***
p < .001

**
p < .01; significant correlations are bolded
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Table 3.

Spearman bivariate correlations between autocorrect errors, demographic variables, and neuropsychological 

scores among all participants who completed the autocorrect task (N=85)

Variable All errors Function-
dominant

Function-
nondominant

Content-
dominant

Content-
nondominant

Age .216* .255* .122 .060 .146

Education −.113 −.283** .018 .064 .009

DRS −.105 −.066 −.009 −.164 −.170

CVLT Trials 1-5 −.036 −.124 .018 −.062 −.116

CVLT LDFR .034 −.024 .081 .035 −.148

Trails A .101 .100 .066 −.034 .051

Trails B .102 .129 .076 .021 .052

Letter fluency −.195 −.087 −.150 −.159 −.061

Semantic fluency −.123 −.071 −.010 −.167 −.044

MINT .040 .068 .166 −.117 −.013

CWIT Inhibition .352*** .293** .202 .102 .300**

CWIT Inhibition errors .224* .295** .033 .065 .128

CWIT Inhibition/Switching .274* .273* .198 −.039 .223*

CWIT Inhibition/Switching errors .246* .125 .141 .274* .211

Note.

***
p < .001

**
p < .01

*
p < .05; significant correlations are bolded. DRS = Dementia Rating Scale; CVLT = California Verbal Learning Test; MINT = Multilingual 

Naming Test; CWIT = Color Word Interference Test
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