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Abstract

Naming performance is widely used in cognitive assessment but is influenced not only by neurocognitive
integrity, but also by lifelong language experience. Rural living experience, a major source of
environmental variation, remains underexplored despite its global relevance, with approximately

3.5 billion people living in rural areas worldwide. This raises concerns about potential bias in language-
based cognitive assessment.

In this cross-sectional study, cognitively normal Chinese older adults completed a Chinese version of the
Rapid Naming Test (RNT-C), alongside measures of global cognition (MMSE) and non-verbal executive
function (Design Fluency). Rural living experience was operationalized as the proportion of lifetime spent
in rural environments. Psychometric properties of the RNT-C were evaluated, and multivariable
regression models were used to examine associations between rural residence proportion and four
naming indices.

The RNT-C demonstrated good internal consistency (Cronbach’s a = 0.83). Higher lifetime rural residence
proportion was independently associated with lower naming performance (B = -0.27, p =0.027) and
slower processing speed (B = 0.53, p < 0.001), with the strongest effect observed for time-constrained
naming (B = -0.54, p < 0.001). These associations were consistent across naming indices and remained
after adjustment for demographic and socioeconomic factors, but were not observed for Design Fluency
(B =0.003, p =0.982) or MMSE after adjustment (B = -0.22, p = 0.086). Education did not significantly
moderate or mediate these associations.

These findings suggest that rural living experience is associated with naming performance, with effects
more prominent in language-dependent cognitive processes. They further highlight a potentially
underrecognized source of bias in language-based cognitive assessment and underscore the
importance of incorporating sociocultural and environmental context into test interpretation.

Highlights
* Rural living experience is associated with naming performance in older adults

+ Associations are robust across RNT measures and independent of education and socioeconomic
factors

- Effects are more pronounced in language-dependent than non-verbal cognitive domains
* No association is observed with non-verbal executive function

* Results highlight the role of sociocultural experience in shaping cognitive assessment outcomes
1 Introduction
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Naming assessments encompass a wide range of paradigms, including confrontation naming, rapid
naming, action naming, responsive naming, verbal fluency, auditory naming, tactile naming, and proper
noun or category-specific naming tasks, each probing distinct aspects of lexical retrieval, semantic
memory, and language processing. These paradigms are widely used in the assessment of neurological
disorders, including Alzheimer’s disease (AD), Primary Progressive Aphasia (PPA), and stroke'™’. Among
these approaches, rapid naming paradigms were developed to enhance sensitivity to subtle cognitive
changes by combining highly familiar stimuli with time-constrained responses®~12. The Rapid Naming
Test (RNT) further extends this framework through the use of controlled lexical properties and multiple
performance indices, enabling a more fine-grained characterization of naming ability’3~1°. As rapid
naming tasks place simultaneous demands on lexical access, processing speed, attention, and response
automaticity, they may be particularly sensitive to early neurocognitive dysfunction.

While naming performance may sensitively reflect neurocognitive integrity, it is also shaped by lifelong
linguistic, educational, and sociocultural experiences'®. Exposure to specific objects, literacy practices,
educational systems, occupational demands, and culturally shaped patterns of language use can all
influence lexical familiarity and retrieval efficiency. Consequently, naming tests often require linguistic
and sociocultural adaptation to optimize diagnostic validity and ensure accurate interpretation across
populations. Despite this, existing RNT studies have been conducted predominantly in highly educated,
urban cohorts, raising concerns regarding their generalizability and diagnostic interpretability in more
diverse populations'314,

Rural living experience represents a major yet underexplored source of environmental and sociocultural
variation. This issue is of substantial global relevance, as approximately 3.5 billion people worldwide live
in rural areas, including nearly 500 million individuals in China alone, representing one of the largest rural
aging populations in the world"’. China may be particularly well positioned to examine the cognitive
effects of rurality because rural—-urban differences are especially pronounced due to the country’s vast
geographic scale, regional economic disparities, unequal access to education and healthcare, and the
historical hukou (household registration) system, which has contributed to longstanding structural
separation between rural and urban populations. These factors have produced substantial variation in
literacy exposure, language environment, occupational experience, and familiarity with standardized
testing contexts across the lifespan. Nevertheless, most cognitive assessment tools, particularly
language-based measures, have been developed and normed primarily in urban populations'®. Applying
these tools to individuals with different sociocultural and educational backgrounds may therefore
introduce systematic bias, potentially compromising diagnostic accuracy and contributing to
misclassification.

Rural and urban environments differ substantially in object exposure, language use, literacy
opportunities, educational resources, and access to standardized linguistic input'®~22. These differences
may shape semantic representations, lexical familiarity, processing efficiency, and test-taking strategies
across the lifespan. In addition, individuals with greater rural living experience may have had less lifelong
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exposure to highly time-structured or speed-dependent educational and occupational settings, which
could disproportionately affect performance on rapid naming paradigms that emphasize speed and
automaticity. Importantly, such differences may reflect experiential shaping of cognitive systems rather
than true cognitive impairment. However, prior studies examining rurality and cognition have largely
relied on binary rural-urban classifications, which inadequately capture cumulative environmental

exposure across the life course??.

In this study, we developed a Chinese version of the Rapid Naming Test (RNT-C) and applied it to
cognitively normal older adults of urban and rural populations. We aimed to: (1) evaluate the
psychometric properties of the RNT-C; (2) examine the association between lifetime rural living exposure
and naming performance across multiple RNT outcome measures; and (3) determine whether the
effects of rural living experience are disproportionately expressed in language-dependent tasks relative
to nonverbal cognitive measures. To address the latter question, we included a nonverbal executive
function measure (Design Fluency) as a reference outcome, allowing comparison across cognitive

domains?. We hypothesized that greater rural living exposure would independently predict poorer rapid
naming performance even after adjustment for demographic and socioeconomic factors. By addressing
these questions, this study provides insight into how sociocultural experience shapes cognitive
assessment outcomes and highlights a potentially overlooked source of bias in language-based
cognitive measures.

2 Methods
2.1 Test development

The Chinese Rapid Naming Test (RNT-C) was developed through a collaboration between researchers at
Shandong University and the University of California, San Francisco. More than 130 candidate stimuli
were initially selected from the English, Korean and Spanish Rapid Naming Tasks. Candidate stimuli and
images were then reviewed by native Mandarin- or Cantonese-speaking neurologists,
neuropsychologists, research coordinators. Stimulus selection was guided by four criteria. First, stimuli
were required to demonstrate high target-name agreement of higher than 85%. Target-name agreement
was evaluated through pilot testing in eight cognitively unimpaired native Mandarin- and Cantonese-
speaking adults recruited from diverse Chinese-speaking regions, including Mainland China, Taiwan, the
United States, and Malaysia. Participants were asked to provide the most commonly used name for each
depicted object. Iltems that elicited substantial variability in naming, regional lexical differences, or
multiple competing responses were excluded through consensus among the study team. Disagreements
were resolved by majority vote and senior investigator adjudication. Second, items were selected to
provide broad coverage across semantic categories, including animals (n = 15), daily objects (n = 25),
food items (n =9), electronic devices and transportation (n = 9), and other categories (n = 8). Third, items
were selected to represent familiar concepts with high lexical frequency to minimize naming failures
attributable to low word exposure. Word frequency estimates were obtained from the Center for Chinese
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Linguistics Corpus, Peking University and the Academia Sinica Balanced Corpus. Candidate items were
generally required to have a Zipf frequency greater than 5.4, indicating moderate to high lexical
frequency?>2®. Fourth, line image stimuli were selected to maximize perceptual clarity and cultural
appropriateness. Images with excessive visuospatial complexity, ambiguous visual features, or regional-
specific recognizability were avoided to minimize the influence of visual processing demands on naming
performance. For example, objects that differed substantially in appearance or usage across regions
such as mailbox or stamps were excluded or adapted. The resulting 66-item developmental version was
administered for pilot testing and psychometric evaluation. Following item analysis, a final 60-item
version is planned for future implementation.

2.2 Participants

This cross-sectional study consecutively recruited cognitively healthy adults aged = 50 years (MMSE =
27) between January and December 2025. All participants were native Chinese speakers and right-
handed. All cognitive assessments were conducted by trained neurologists under standardized
conditions. The study was approved by the Ethics Committee of Qilu Hospital, Shandong University
(Approval No. KYLL-2026-02-040), and conducted in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants. Exclusion criteria included: (1) delirium within the
past 6 months; (2) history of major neurological disorders affecting cognition, speech, or language
function; (3) uncontrolled systemic or metabolic disorders; (4) alcohol or substance abuse within the
past 12 months; and (5) uncorrected visual or hearing impairment.

2.3 Measures
Demographic variables

Demographic information was collected using a standardized questionnaire, including age, sex, years of
education, occupation, annual income, and rural living duration. Occupation was classified according to
the International Standard Classification of Occupations (ISCO) and grouped into high-level non-manual
(groups 1-2), low-level non-manual (groups 3-5), and manual labor (groups 6—9). Annual income was
categorized into < 100,000 RMB, 100,000-200,000 RMB, and > 200,000 RMB, representing low-, middle-,
and high-income households relative to contemporary household income levels in China according to
data from the National Bureau of Statistics of China?’. Rural living experience was operationalized as the
cumulative number of years participants resided in rural or township areas across their lifespan.
Classification of residential locations was based on the official urban—rural classification system
established by the National Bureau of Statistics (NBS) of China, namely the Statistical Area Codes and
Urban—Rural Classification Codes, which are implemented in accordance with the Regulations on the
Statistical Classification of Urban and Rural Areas issued by the State Council of China (2008).
Participants provided a lifetime residential history, and all residences were classified according to NBS
criteria. Rural living duration was calculated as the total number of years spent in rural villages or non-
urbanized township areas. Classification was determined based on the actual place of residence rather
than household registration (hukou) status. To account for differences in age, a rural living proportion
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was also calculated by dividing cumulative rural living years by current age, yielding a continuous
measure of lifetime rural exposure.

Cognitive assessments

All assessments were conducted in a quiet environment by trained neurologists. In addition to the RNT,
participants completed the MMSE and Design Fluency tests to provide measures of global cognition and
a visually mediated executive function task.

1. RNT-C: Participants completed a developmental 66-item Chinese RNT, consisting of 60 candidate
scored items and 6 additional run-in items included to familiarize participants with task procedures
and response timing. Each item was presented with a maximum response window of 5 seconds. For
the present preliminary analyses, performance was summarized across all 66 administered items,
as item reduction and final test construction are ongoing. Outcome measures included: (1) total
RNT-C score (0-66), representing the total number of correctly named items; (2) total RNT-C
completion time, representing the time required to complete the entire test; (3) first-minute RNT-C
score, representing the number of correctly named items within the first 60 seconds; and (4) first-
minute RNT-C accuracy, representing the percentage of correct responses among all responses
produced within the first 60 seconds.

2. Design Fluency?®: To provide a nonverbal counterpart to the executive demands of the RNT,
participants completed the Design Fluency subtest of the Delis—Kaplan Executive Function System
(D-KEFS). Both tasks require visual processing and executive abilities; however, Design Fluency
minimizes language demands and does not require lexical retrieval. Participants generated as many
unique designs as possible within 60 seconds according to standardized administration procedures.
The total number of valid, non-repeated designs produced was recorded (n = 84).

3. MMSE?®: Global cognitive function was assessed using the MMSE (0-30). A score = 27 was used as
the inclusion criterion and for criterion validity analyses.

2.4 Statistical analysis

Descriptive statistics were used to summarize demographic, socioeconomic, and cognitive variables.
Normality of continuous variables was assessed using the Shapiro-Wilk test. Normally distributed
variables are presented as meanzstandard deviation, and non-normally distributed variables as median
and interquartile range. The internal consistency and reliability of the RNT-C were evaluated using
Cronbach'’s aand the Spearman-Brown split-half coefficient. Criterion validity was assessed by examining
correlations between RNT-C total score and MMSE and Design Fluency scores. Spearman rank
correlation analyses were conducted to examine bivariate associations between RNT-C outcome
measures (total score, total completion time, first-minute correct count, and first-minute accuracy) and
demographic and cognitive variables, including age, sex, years of education, occupational category,
household income, MMSE, and Design Fluency.
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To examine the independent association between rural residence ratio and naming performance,
multivariable linear regression models were constructed for each RNT-C outcome. All models were
adjusted for age, sex, years of education, occupational category, and household income. Additional
models were constructed using MMSE and Design Fluency scores as outcomes to assess domain
specificity. Moderation analyses were performed to test whether years of education modified the
association between rural residence ratio and cognitive outcomes. Both variables were mean-centred
prior to constructing the interaction term. For significant interactions, simple slope analyses were
conducted at - 1 SD, mean, and + 1 SD levels of education. Exploratory mediation analyses were
conducted using a bootstrap approach (2,000 resamples, percentile confidence intervals) to examine
whether years of education mediated the association between rural residence ratio and cognitive
outcomes. Given the cross-sectional design, mediation results were interpreted cautiously as indicative
of statistical rather than causal pathways.

All analyses were conducted using R (version 4.4.3) and IBM SPSS Statistics (version 27). Statistical
significance was defined as a two-tailed p-value < 0.05.

3 Results
3.1 Participant characteristics

Ninety-three cognitively healthy individuals were included in the analysis. Demographic, socioeconomic,
and cognitive characteristics are summarized in Table 1. The sample comprises of 37 male and 56
female participants. Median age was 55 (IQR: 53-59) years, median years of education were 11 (9-12)
years, and median rural residence ratio was 0.24 (0-0.42). Median MMSE score was 29 (28—30) and
median naming total score was 55 (52-59) out of a maximum of 66 items. Distributions of the four
primary RNT-C outcome measures are presented in Figure S1.
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Table 1
Demographic and clinical characteristics of the participants (n = 93)

Variable (n, %) / Median (IQR) / M £ SD Range
Age (years) 55 (53, 59) 50-78
Sex

Male (37,39.8%)

Female (56, 60.2%)

Years of education 11 (9,12) 2-17

Occupational category

Senior non-manual worker (36, 38.7%)
Junior non-manual worker (25, 26.9%)
Manual worker (32, 34.4%)

Annual household income (10,000 CNY)

<10 (44, 47.3%)

10-20 (44, 47.3%)

> 20 (5, 5.4%)

Rural life duration (years) 12 (0, 23) 0-65
Rural residence ratio 0.24 (0.00,0.42) 0-1
Naming total score 55 (52, 59) 38-66
Naming total time (seconds) 118 (103, 141) 59-223
First-min naming correct count 30.8+10.4 9-56
First-min naming accuracy rate (%) 87.0 (80.0,91.0) 60.0-100
MMSE 29 (28, 30) 27-30
Design Fluency 10(8,12) 4-19

Note. Categorical variables are presented as frequency and percentage (n, %). Continuous variables
were tested for normality using the Shapiro—Wilk test; normally distributed variables are presented
as mean = standard deviation (M + SD), and non-normally distributed variables as median and
interquartile range [Q25, Q75]. IQR = interquartile range; MMSE = Mini-Mental State Examination.

3.2 Psychometric properties of the RNT-C

The RNT-C demonstrated high internal consistency (Cronbach’s a = 0.83) and split-half reliability
(Spearman—Brown corrected coefficient = 0.82). Naming total score was significantly and positively
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correlated with MMSE score (p = 0.27, p = 0.009) while the correlation between naming total score and
Design Fluency score did not reach statistical significance (p =0.17, p =0.125).

3.3 Effects of rural life experience on naming performance
Correlations between rural residence ratio and RNT-C outcomes

Spearman rank correlations among all key variables are presented in Supplementary Figure S2. Bivariate
analyses revealed significant associations between rural residence ratio and all four RNT-C outcomes
(Fig. 1). Rural residence ratio was negatively correlated with RNT-C total score (p = -0.26, p = 0.013), first-
minute RNT-C correct count (p = -0.57, p < 0.001), and first-minute RNT-C accuracy rate (p = -0.24, p =
0.019), and positively correlated with RNT-C total completion time (p = 0.54, p < 0.001). Rural residence
ratio was also negatively correlated with years of education (p = -0.26, p=0.011) and MMSE (p = -0.22,
p = 0.035), both of which were subsequently included as covariates in multivariable regression analyses.

Multivariable linear regression analyses

Multivariable linear regression analyses adjusting for sex, years of education, occupational category,
household income, and MMSE demonstrated that rural residence ratio was a significant independent
predictor of all four RNT-C outcomes (Supplementary Table S1). For RNT-C total score, rural residence
ratio across its full theoretical range (purely urban, ratio = 0, to purely rural, ratio = 1) was associated with
a predicted decrease of 5.29 points (B = - 5.29, SE=2.35, 3 = -0.27, p=0.027,95% CI [- 9.95, - 0.62)).
The RNT-C total score model explained 16.5% of outcome variance (adjusted R>=0.165, F=3.26,p =
0.003).

Larger effects were observed for first-minute RNT-C correct count and RNT-C total completion time.
Across the full rural residence ratio range, purely rural individuals were predicted to correctly name
approximately 18 fewer items in the first minute (B = - 17.46, SE =3.44, 3 = -0.54, p< 0.001, 95% CI [-
24.30, - 10.63]) and take approximately 54 seconds longer to complete the task (B = 54.13, SE =11.40, B
=0.53,p<0.001,95% ClI [31.45, 76.80]) compared to purely urban individuals. A smaller but significant
effect was observed for first-minute RNT-C accuracy rate, with purely rural individuals predicted to
achieve 7.0 percentage points lower accuracy than purely urban individuals (B = - 0.070, SE =0.033, B =
-0.26, p = 0.036,95% CI [- 0.135, - 0.005]).

Domain differences in rural life experience effects

To examine whether the effects of rural life experience were specific to RNT-C, MMSE and Design
Fluency scores were analyzed as reference outcomes. Bivariate analyses showed that rural residence
ratio was significantly negatively correlated with MMSE score (p = -0.22, p = 0.035) but not with Design
Fluency score (p = -0.11, p = 0.343; Fig. 2).

In multivariable regression analyses, rural residence ratio was not significantly associated with Design
Fluency (B=0.14,SE=1.34,3=0.01, p=0.920,95% CI [- 2.54, 2.81]) or MMSE (B=-0.73,SE=0.42,B =
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-0.22, p=0.082,95% CI [- 1.56, 0.10]) total scores after covariate adjustment. As shown in Fig. 3, the
standardized effects of rural residence ratio on the four RNT-C outcomes (|B| = 0.28-0.56) were
substantially larger than those on MMSE (B = -0.22, p = 0.082) and Design Fluency (B =0.01, p = 0.920),
indicating that the cognitive effects of rural life experience may be more prominent in language-
dependent domains than in non-verbal or global cognitive measures.

3.4 Role of years of education

Moderation analyses tested whether years of education modified the association between rural
residence ratio and each cognitive measure, with both variables mean-centred prior to constructing the
interaction term. The interaction term was not statistically significant for any of the six outcomes (all p >
0.10; Supplementary Table S2). For illustrative purposes, simple slopes analysis revealed a consistent
monotonic gradient for RNT-C outcomes: the negative association between rural residence ratio and
RNT-C total score was strongest among participants with lower education (- 1 SD, 7.9 years: B = - 5.88),
intermediate at mean education (11.0 years: B = - 3.98), and weakest at higher education levels (+ 1 SD,
14.1 years: B = - 2.07; Supplementary Figure S3). This pattern is suggestive of a possible buffering role
of education but should be interpreted cautiously given the non-significant interaction term.

Complementary to the moderation analysis, bootstrap mediation analyses (2,000 resamples) adjusting
for sex, occupational category, and household income showed that the indirect effects of rural residence
ratio via years of education were not statistically significant for any of the six outcomes (all p = 0.080;
Table 2). The indirect effect for RNT-C total score was B = - 0.84 (95% Bootstrap ClI [- 2.40,0.31],p =
0.161), and the indirect effect for MMSE approached significance (B = - 0.21,95% CI [- 0.51,0.02], p =
0.080; proportion mediated = 21.3%). Despite non-significant indirect effects, the direct effects of rural
residence ratio on all four RNT-C outcomes were statistically significant (RNT-C total score: p = 0.015;
RNT-C total time: p < 0.001; first-minute RNT-C correct count: p < 0.001; first-minute RNT-C accuracy rate:
p =0.026), as were the corresponding direct effects, indicating that the effect of rural life experience on
naming performance is primarily mediated through pathways other than years of education.
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Table 2

Mediation analysis: years of education as mediator of the association between rural life proportion and
cognitive outcomes

Outcome

RNT-C Total
score

RNT-C Total time

First-min RNT-C
correct count

First-min RNT-C
accuracy rate

MMSE

Design fluency

Total effect B
(95% CI)

-6.43 (-
10.37, - 2.29)

60.16 (38.23,
80.60)

-19.82 (-
27.17, -
12.89)

-0.087 (-
0.152, -
0.024)

-0.97 (- 1.67,
-0.10)

-0.74 (- 3.00,
1.68)

Indirect effect
B (95% CI)

-0.84 (- 2.40,
0.31)

1.38 (- 3.86,
8.59)

-0.25 (- 1.66,
1.16)

-0.011 (-
0.028, 0.003)

-0.21 (- 0.51,
0.02)

-0.60 (- 1.56,
0.07)

p (indirect)

0.161

0.597

0.704

0.127

0.080

0.100

Direct effect B
(95% CI)

-5.59 (- 9.73,
- 1.30)

58.78 (36.80,
79.86)

~19.58 (-

26.93, - 12.38)

-0.076 (-
0.140,0.011)

-0.77 (- 1.49,
0.10)

-0.14(- 2.57,
2.39)

p (direct)

0.015*

<0.0071***

< 0.007***

0.026*

0.075

0.897

Note: Mediator = years of education. All models adjusted for sex, occupational category, and
household income. Indirect effects estimated via nonparametric bootstrap (2,000 resamples); 95%
confidence intervals calculated using the percentile method. p < 0.05 considered statistically
significant. *p < 0.05, ***p < 0.001

4 Discussion

In this study, we developed and evaluated a Chinese version of the Rapid Naming Test (RNT-C) and
examined how rural living experience relates to naming performance in cognitively healthy older adults.
The RNT-C showed good internal consistency and expected patterns of construct validity, supporting its

use as a culturally adapted naming measure in Chinese populations3®3'. More importantly, we found
that rural living experience, quantified as the proportion of lifetime spent in rural environments, was
consistently associated with multiple aspects of RNT-C performance. These associations remained after
adjustment for demographic and socioeconomic factors. In contrast, the association with global
cognitive performance was attenuated after adjustment, and no association was observed for non-
verbal executive function.

Taken together, these findings suggest that rural living experience is linked to rapid naming performance
in ways that are not fully explained by general cognitive ability or education level. Rapid naming is a
multi-stage process involving visual recognition, semantic memory, lexical retrieval, motor speech,

attention and cognitive speed®!. Several mechanisms may explain the observed differences in rapid
naming performance according to rural living experience. First, cumulative language exposure shapes

semantic knowledges and lexical access throughout the lifespan®2%23. In rural environments, access to
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certain forms of linguistic input, particularly print materials and standardized language, may be more
limited'®, which could influence the breadth and organization of semantic representations. Second,
differences in everyday object environments may affect familiarity with specific stimulus categories,
influencing both naming accuracy and response speed, particularly when test items do not equally
reflect the living experiences of different populations?%34737_ Third, lexical retrieval efficiency may also
vary according to language use patterns. Lower levels of print exposure have been linked to less efficient

1638 \vhile the coexistence of different Chinese languages in rural settings may increase

lexical access
competition during lexical selection®’. In particular, semantic memory organization and lexical retrieval
efficiency are shaped by cumulative language exposure and the familiarity with objects and concepts
encountered across the life span. Individuals with greater rural living experience may be exposed to
different object environments, language use patterns, and communicative contexts than those residing
primarily in urban settings. These experiential differences may influence semantic organization and
lexical access, thereby affecting rapid naming performance independent of underlying cognitive
capacity 163240,

The pattern of results across cognitive measures provides additional context for interpreting these
findings. The associations of rural living experience with RNT-C outcomes were robust and consistent,
whereas the association with MMSE did not remain significant after adjustment, and no association was
observed for Design Fluency performance. This pattern suggests that the effects of rural living
experience are more prominent in language-dependent cognitive processes than in global or non-verbal
measures. One possible explanation is that the MMSE is designed to assess global cognitive functioning
rather than specific language abilities. Although several MMSE items involve language processing, these
contribute only a portion of the total score. Consequently, effects related to language experience may be
diluted by performance in other cognitive domains, potentially explaining the weaker and non-significant
association after adjustment?®. In contrast, Design Fluency is a non-verbal task that primarily engages
visuospatial and executive processes without linguistic demands?', and therefore may be less sensitive
to differences in language experience. The absence of a corresponding association with Design Fluency
makes a generalized effect of processing speed or test-taking style less likely and is more consistent
with mechanisms involving language experience, semantic knowledge, and lexical access.

Interestingly, the associations between rural living experience and naming performance were not
explained by years of formal education. Neither moderation nor mediation analyses supported a
significant role of education, suggesting that the observed associations are unlikely to be attributable to
differences in educational attainment alone. Although education has been widely recognized as a key
determinant of cognitive performance and cognitive reserve*?~44, it primarily reflects formal learning and
may not fully capture the cumulative effects of everyday language exposure, communicative context,
and sociocultural experience across the life course. In this context, rural living experience may represent
a complementary dimension of sociolinguistic exposure that influences language-related cognitive
processes through long-term patterns of language use and semantic engagement. Furthermore, the

quality and cognitive benefits of formal education may vary across rural and urban contexts*>4,
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highlighting the limitations of using years of education alone as a proxy for life-course cognitive
experience and suggesting that our null mediation finding may, if anything, underestimate the true
independence of the rural living effect from educational factors.

From a methodological perspective, this study highlights the value of moving beyond simple rural-urban
classifications. Conventional approaches often rely on binary indicators or current residence, which may
not adequately capture the cumulative nature of environmental exposures across lifespan®’. By using a
continuous measure of lifetime rural exposure, we were able to characterize individual differences in a
more nuanced way, taking into account both duration and timing of rural residence. This approach is

consistent with life-course frameworks that emphasize the cumulative impact of environmental factors
42

on cognitive outcomes™.

These findings have important implications for the development and interpretation of naming
assessments. Naming-based tests are widely used in both clinical and research settings, but their
interpretation often assumes that performance primarily reflects neurocognitive status. However, our
results suggest that it may also reflect life-course environmental and sociolinguistic experiences that are
not fully captured by conventional demographic measures such as education. This consideration may be
particularly relevant in countries where rural and urban environments differ substantially in language use,
educational opportunities, and everyday experiences, and where individuals often spend much of their
lives within predominantly rural or predominantly urban settings. The potential impact of these issues is
considerable, given that approximately 3.5 billion people worldwide reside in rural areas, including nearly
500 million individuals in China alone’’. Under such circumstances, lexical norms and naming stimuli
derived primarily from urban populations may not fully represent the experiences of individuals with
extensive rural living exposure. More broadly, many lexical databases and normative studies do not
explicitly characterize the rural-urban composition of their samples, making it difficult to determine
whether measures such as familiarity, frequency, and naming agreement generalize across populations
with different sociolinguistic backgrounds. Future normative studies and lexical database development
efforts should therefore consider environmental representativeness to improve the validity and
generalizability of language assessments across diverse populations.

Several limitations should be acknowledged. First, the cross-sectional design limits causal inference, and
longitudinal studies are needed to clarify how rural living experience influences cognitive trajectories
over time. Second, although the sample size was sufficient for the primary analyses, it may have limited
statistical power to detect weaker associations between rural living experience and RNT-C performance.
Third, the mechanisms underlying the observed associations remain speculative, as factors related to
language exposure, semantic knowledge, and lexical processing were not directly measured. In
particular, the linguistic environments of our participants were not systematically characterized. Many
individuals in China are exposed to multiple Chinese languages or regional varieties, including Mandarin,
Cantonese, Hokkien, and local Shandong dialects. These languages differ substantially in their
phonological, lexical, and, in some cases, syntactic characteristics, resulting in varying degrees of
linguistic distance from one another. Such multilingual and multidialectal experiences may influence the
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organization of semantic knowledge, lexical retrieval processes, and naming performance across the
lifespan. Fourth, participants were recruited from a single province (Shandong) and findings may not
generalize to other Chinese regions with different landscapes of Chinese languages, or non-Chinese-
speaking populations. Finally, the RNT-C used in this study represents a developmental 66-item version.
Although additional psychometric evaluation, including assessments of criterion and structural validity,
remains warranted, the present findings provide initial evidence regarding the utility of the instrument
and the factors associated with naming performance. Additionally, while stimuli were selected to be
culturally appropriate and image familiarity was assessed through target-name agreement pilot testing,
formal measurement equivalence across rural and urban groups was not established. Differential item
familiarity between rural and urban groups cannot be ruled out and warrants examination in future
validation work with larger and more diverse Chinese-speaking populations.

In conclusion, this study introduces the RNT-C, a culturally adapted rapid naming measure demonstrating
adequate reliability and preliminary validity evidence in Chinese-speaking adults. Using this tool, we
demonstrate that lifetime rural living experience is an independent determinant of verbal naming
performance, affecting both naming accuracy and lexical retrieval speed in ways not explained by
educational attainment, general cognitive ability, or non-verbal executive function. Together, these
findings suggest that cognitive test performance is shaped not only by brain health and education, but
also by the sociolinguistic and environmental experiences accumulated across the life course,
underscoring the need for more contextually informed approaches to cognitive assessment.
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Figure 1

Associations between rural residence ratio and RNT-C outcome measures. Scatter plots illustrating the
relayionships between rural residence ratio and (a) naming total score, (b) total completion time, (c) first-
minute correct count, and (d) first-minute naming accuracy rate in 93 cognitively normal adults. Each
point represents one participant. Spearman rank correlation coefficients (p) and corresponding p-values

are displayed in each panel. Solid lines represent fitted regression lines, and shaded bands denote 95%
confidence intervals.
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Figure 2

Associations between rural residence ratio and MMSE and Design Fluency scores. Scatter plots
illustrating the associations between rural life proportion and (a) MMSE score and (b) Design Fluency
score in 93 healthy controls. Each point represents an individual participant. Spearman's rank correlation
coefficient (p) and the corresponding p-value are annotated in each panel Solid lines represent fitted
regression lines, and shaded bands denote 95% confidence intervals.
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Figure 3

Summary of multivariable linear regression analyses of the independent effect of rural residence ratio
on six cognitive outcomes. The left panel tabulates the unstandardised regression coefficient (B) with
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95% confidence interval and p-value for rural residence ratio in each model. The right panel displays the
corresponding standardised regression coefficients (B) as a forest plot; filled circles represent point
estimates and horizontal bars represent 95% confidence intervals. Models predicting RNT-C outcomes
and Design Fluency additionally adjusted for MMSE; the MMSE model excluded MMSE as a covariate. All
models adjusted for sex, years of education, occupational category, and household income. Outcomes
are colour-coded as indicated in the legend. *p < 0.05, ***p < 0.001.
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