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Abstract

Individuals differ in their intrinsic modes of internal representation, exhibiting varying degrees of
visual imagery, inner speech, and orthographic imagery. Yet the potential cognitive functions of
these internal representation modes remain underexplored. Through three studies (N = 1,399), we
demonstrate that individual differences in orthographic imagery propensity, measured by the
Internal Representations Questionnaire (IRQ), systematically associate with internal semantic
architecture and external sensory engagement. Study 1 (n = 1099) revealed that stronger
orthographic imagery correlates with heightened between-cluster semantic associations and
reduced semantic conformity to group norms, suggesting a role in generating novel conceptual links.
Study 2 (n = 875) linked orthographic imagery to lower sensory processing sensitivity, suggesting its
function as a top-down sensory filter. Unexpectedly, Study 3 (n = 487) found that visual imagery—
not orthographic—predicted reduced engagement with reading apps, suggesting a cognitive-
mismatch effect. These results position orthographic imagery as a unique mechanism that expands
semantic networks while attenuating sensory influx, with implications for creativity research and
clinical interventions for sensory hypersensitivity.

Keywords: orthographic imagery, internal representational propensity, individual difference,

semantic representation

Public Significance Statement
This research shows that people differ in terms of thinking styles—in imagining words,
pictures, or inner speech—and that these differences are linked to how concepts are organized in
the mind. In particular, individuals who often visualize written words (“orthographic imagery”) tend
to connect concepts across categories that are typically more distantly related and show less

conformity to others. They also report being less sensitive to overwhelming sensory experiences.
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These findings suggest that intrinsic internal processing mode differences associate with both how

people internally organize information and how they are affected by external experience.
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Introduction

Human cognition operates through a variety of internal representation modes. While visual
imagery has long been recognized and extensively studied (Galton, 1880; Marks, 1973; Pearson et
al., 2015), other internal modes—such as inner speech or internal verbalization—have recently
gained growing empirical support (Alderson-Day & Fernyhough, 2015). Adding to this diversity,
orthographic imagery—a recently identified internal mode (Roebuck & Lupyan, 2020)—represents a
hybrid of linguistic and visual cognition, characterized by the tendency to mentally visualize written
text forms, as if “seeing the words in one’s mind.” Substantial individual differences have been
observed: for visual imagery, 1% of the population has been identified as having little mental visual
imagery experiences, compare to many have vivid ones (Zeman et al., 2015; Zeman, 2024); for inner
speech, around 40% of people report frequently thinking in words or verbal sentences (internal
verbalization score higher than 4.25/5) and 16% report rarely or never experiencing inner speech
(internal verbalization score lower than 3.5/5; Nedergaard & Lupyan, 2024). While orthographic
imagery has been less studied, the original report of this mode showed variations spanning from 1 to
~4.7 in a sample of 222 (5-point scale; see Figure 1 in Roebuck & Lupyan, 2020). These internal
“cognitive mode phenotypes” raise a fundamental question: Do such variations in internal
representational modes shape the architecture of how information is structured internally and bias
how individuals engage with corresponding external information channels, affecting what
information contents are gained?

To investigate this question, we first turn to the internal structure of semantic knowledge.
Current neurocognitive models conceptualize semantic memory—our store of facts, beliefs, and
conceptual knowledge—as a high-dimensional system abstracted from multiple modalities of
sensorimotor experience (Binder et al., 2009; Lambon Ralph et al., 2017). Beyond sensory-based
input, recent findings suggest that language-derived and inference-based representations also
contribute, as evidenced by how congenitally blind individuals develop rich visual semantic

knowledge without visual experience (Bi, 2021; Bottini et al., 2020; Kim et al., 2019; Wang et al.,
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2020). These modality-specific systems encode largely overlapping but also potentially modality-
specific information structures (Fu et al., 2023), implying that individuals who rely more heavily on
different internal modes may construct semantic representations with subtly different architectures.
One way to probe these representational differences is by examining how meanings of individual
words are structured and related across people.

What predictions can be made about internal representational modes and semantic
structures? Drawing on the functional roles of language, we propose three non-mutually-exclusive
hypotheses about how verbal and orthographic imagery propensities might shape semantic
representations, relative to visual ones: 1) Category expansion hypothesis: Inspired by language's
capacity for generating novel concepts (e.g., “chairdrobe”, “Babel fish”), individuals with stronger
internal verbalization or orthographic imagery may show greater cross-category semantic
associations. 2) Category cohesion hypothesis: Based on evidence that verbal labels encourage
categorization (Lupyan, 2008; Waxman & Markow, 1995), those with stronger inner speech (and
orthographic imagery) might exhibit tighter within-category semantic clustering. 3) Semantic norm
alignment hypothesis: Language facilitates conceptual alignment across individuals (Lupyan &
Bergen, 2016; Suffill et al., 2024), suggesting that those with stronger linguistic-based modes may
show greater convergence with group-level semantic structures. These hypotheses guide our
examination of how individual differences in internal cognitive style shape semantic organization.

For external information intake, the internal representation mode phenotypes may also be
bias toward their preferred modes. Individuals may preferentially attend to or seek information in
formats that align with their dominant internal processing styles (e.g., visual, verbal, or
orthographic). Regarding sensitivity to external input, individual differences in sensory processing
sensitivity have been systematically measured using the Highly Sensitive Person (HSP) scale (Aron &
Aron, 1997), with robust empirical support (Greven et al., 2019; Jagiellowicz et al., 2011).
Meanwhile, modality-based preferences in information engagement have been observed: in eye-

tracking studies, visualizers attend more to graphical content, while verbalizers focus more on text
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(Mehigan et al., 2011; Tsianos et al., 2009). These imagery preferences manifest functionally
consistently across development, correlating with educational choices (e.g., object imagery with
visual art classes, spatial imagery with physics classes, verbal imagery with writing classes) and
culminating in professional specialization, where visual artists excel in object imagery, scientists in
spatial imagery, and humanities professionals in verbal imagery (Blazhenkova & Kozhevnikov, 2009).
However, orthographic imagery remains underexplored in this context. The proliferation of
smartphones and multimodal digital platforms presents a novel, ecologically valid opportunity to
study these preferences, comparing usage patterns across modalities such as text-based apps versus
audio platforms.

We conducted three studies to examine how internal representational modes, especially
orthographic imagery, influence both semantic structure and external sensory engagement (Figure
1). Study 1 (N = 1,109) included nine semantic rating experiments assessing how scores on the
Internal Representations Questionnaire (IRQ; Roebuck & Lupyan, 2020) relate to three aspects of
semantic structure: (1) global semantic association patterns, (2) clustering within and across
categories, and (3) alignment with group-level semantic norms. A meta-analytic approach quantified
cross-task consistency. Study 2 (N = 875) investigated how representational propensities relate to
sensory processing sensitivity using the HSP scale. Study 3 (N = 487) examined how these
propensities predict real-world information format preferences, measured by individuals’
smartphone app usage, focusing on modality-specific engagement. Together, the three studies
reveal how orthographic imagery—a hybrid of linguistic and visual internalization—can shape both
the architecture of internal semantic cognition and external behavioral signatures of sensory
engagement, advancing our understanding of how “thinking styles” influence cognition at multiple

levels.

—Figure 1 here—
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Methods
Quantifying internal representational propensities using IRQ

We collected IRQ data from 1,399 participants (596 males; mean age = 30 years, range = 18—
58), with subsequent questionnaire subsamples drawn from this cohort. All participants completed
the Chinese-translated IRQ (Appendix A) using a 5-point scale (1 = strongly disagree, 5 = strongly
agree). The questionnaire contained two reverse-scored items and three attention-check questions
(i.e., common-knowledge items) to detect inattentive responding. All participants correctly
answered the attention checks, and all items were presented in a randomized order. The IRQ
assesses four factors: Orthographic Imagery, Internal Verbalization, Visual Imagery, and
Representational Manipulation. We excluded Representational Manipulation from analysis because
it measures multimodal information-processing ability rather than cognitive propensity, which was
outside the scope of our research. Scores for each of the remaining factors (hereafter referred to as
Orthographic, Verbal, and Visual) were computed as the mean of their respective items. Internal
consistency was acceptable for each factor: Orthographic Imagery (Cronbach’s a = 0.789), Internal
Verbalization (a = 0.852), and Visual Imagery (a = 0.826).

Demographic variables (age, sex, education level) were recorded: sex was coded
dichotomously (1 = male, 0 = female), and education level was coded on a 1-7 scale (1: primary
school or below; 2: junior high school; 3: high school/vocational/technical school; 4: associate
degree; 5: bachelor's degree; 6: master's degree; 7: doctoral degree). Data collection was conducted
via the Credamo platform, with informed consent obtained and compensation provided. The
research was approved by the Institutional Review Board of the State Key Laboratory of Cognitive
Neuroscience and Learning, Beijing Normal University.

Study 1: Correlation between IRQ scores and semantic association patterns

In this study, we examined the relationship between individual differences in internal

representational propensities (measured by the IRQ) and the structure of internal semantic

representations. Through three analytical components, we assessed how IRQ scores correlate with
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distinct dimensions of semantic association patterns: (1) overall semantic association pattern, (2)
within- and between-cluster semantic association strength, and (3) individual alignment with group-
level semantic association patterns. These analyses examined whether internal representation styles

are systematically associated with the organization of semantic knowledge.

Semantic association ratings.

To comprehensively map intrinsic semantic representations, four independent participant
groups (total N =1,109) completed nine rating experiments using six word sets spanning
fundamental life concepts—including vegetables, fruits, objects, scenes, occupations, emotions, and
abstract terms (Table 1). Group 1 (n = 291) conducted two semantic relatedness experiments: one
involving visual-related words, emotions, and verbal-related abstract words and another focus on
objects, scenes, and occupations. Group 2 (n = 343) performed four experiments—rating both
semantic relatedness and emotional similarity for each of two distinct moral dilemma lexicon sets.
Group 3 (n = 206) completed one semantic similarity experiment on emotional words. Group 4 (n =
269) executed two sensory experiments assessing color and flavor similarity within a fruit and
vegetable set. All participants used a 7-point scale (1 = completely dissimilar/unrelated, 7 = highly
similar/related), following dimension-specific instructions: they evaluated semantic associations by
judging how closely two words were related or similar in meaning; they evaluated emotional
similarity by judging the extent to which the words evoked congruent emotions; they evaluated
sensory similarity by judging the similarity of color or flavor between words. This multi-dimensional
design addresses the high variability and low effect sizes typically associated with subjective
semantic ratings by enabling meta-analytic integration across experiments. The inclusion of diverse
word sets and rating dimensions enhances ecological validity, supporting a systematic examination
of stable cross-experiment relationships between internal representational propensities and

semantic knowledge organization.
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—Table 1 here—

Analysis 1.1: Predicting IRQ scores from overall semantic association patterns.

We utilized Relevance Vector Regression (RVR; Cui & Gong, 2018; Cui et al., 2018; Cui et al.,
2016) to predict each IRQ factor score based on semantic association patterns from each semantic
rating experiment (Figure 3A, Table 1). Semantic association patterns (i.e., semantic
similarity/relatedness ratings for each word pair) served as input features, while IRQ factor scores
were the outcome variables. Prior to modeling, semantic features were normalized within each
training fold. To isolate unique relationships between overall semantic structure and specific IRQ
factors, we implemented a rigorous covariate adjustment procedure during cross-validation: within
each fold, demographic variables and the other two IRQ factors were regressed out from the training
set scores, and the resulting coefficients were applied to both training and test sets to compute
residuals for the target IRQ factor. RVR model was then trained on preprocessed semantic features
to predict these residualized scores, with performance evaluated via Pearson’s correlation between
predicted and observed residualized values in the test set. We employed 5-fold cross-validation for
robust evaluation: participants were randomly partitioned into five subsets (with remaining samples
included in the final fold when sample size was not divisible by 5), and this entire process was
repeated 50 times with new random partitions. The final performance metric was defined as the
average correlations across all 250 folds (5 folds x 50 repetitions), providing a stable estimate of
model generalizability. Significance was assessed using permutation testing (5,000 iterations), in
which IRQ scores were randomly shuffled within each fold to establish null distributions.

To synthesize findings across nine semantic rating experiments regarding the relationship
between internal representational propensities and semantic association patterns, we conducted
multilevel meta-analyses using R. Correlation coefficients served as effect sizes. Because some
semantic assessments included overlap participants, the effect sizes were statistically non-

independent. Following established guidelines (Harrer et al., 2021,
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https://bookdown.org/MathiasHarrer/Doing Meta Analysis in R/), we fitted a Correlated and

Hierarchical Effects (CHE; Pustejovsky & Tipton, 2022) model with robust variance estimation
(Hedges et al., 2010; Tipton, 2015; Tipton & Pustejovsky, 2015). We set the within-sample effect size
correlation coefficient to p = 0.8. As this value was arbitrary, we conducted sensitivity analyses with
alternative p values (0.4 and 0.6), and the main results showed robust consistency (Table S1).
Confidence intervals and p-values for meta-regression coefficients were calculated using the “CR2”

adjustment for small sample sizes, in accordance with recommended methodological practices.

Analysis 1.2: Correlation between IRQ scores and semantic cluster structure.

We examined the relationship between internal representational propensities and semantic
cluster organization using two indices: within-cluster and between-cluster semantic association
strength (Figure 4A). For each of the nine semantic rating experiments, we first constructed a group-
level semantic distance matrix by transforming the mean semantic association ratings (7-point scale)
into distances (distance = 7 - rating). To determine the optimal number of clusters (k), we evaluated
k-means clustering solutions with k ranging from 2 to 8 and selected the one that maximized the
average silhouette width, as implemented in the fviz_nbclust function in R (Version 4.3.3; R Core
Team, 2016). K-means clustering was then performed separately for each experiment’s distance
matrix using the optimal k, with 25 random initializations, a maximum of 1,000 iterations, and a fixed
random seed to ensure reproducibility. Following cluster assignment for each rating experiment
(Figure S1), we computed two individual-level indices from each participant’s semantic association
rating matrix: (a) Within-cluster association strength — the mean semantic association rating for
word pairs assigned to the same cluster; (b) Between-cluster association strength — the mean
semantic association rating for word pairs assigned to different clusters. We then assessed the
relationship between each IRQ factor score and these cluster-based indices using partial Pearson
correlations, controlling for demographic variables and the other two IRQ factors. Meta-analyses

followed the same procedure as described in Analysis 1.1.


https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/
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Analysis 1.3: Correlation between IRQ scores and semantic conformity.

We examined relationships between IRQ factor scores and semantic conformity, defined as
the degree to which a participant’s semantic association pattern aligned with the group-level
consensus pattern (i.e., the mean pattern of all other participants; Figure 5A). For each semantic
rating experiment, we calculated Spearman’s p between individual semantic association ratings and
the group consensus pattern, applied Fisher’s Z transformation to p values, and conducted partial
Pearson correlations between each IRQ factor score and semantic conformity index, controlling for
demographic variables and the other two IRQ factor scores. Meta-analyses followed the same

procedure as in Analysis 1.1.

Study 2: Correlation between IRQ scores and HSP scale scores
Highly Sensitive Person Scale.

We administered the Chinese-translated HSP scale (Aron & Aron, 1997; Appendix B) to 875
participants (344 males; mean age = 30 years) to quantify sensory processing sensitivity. To improve
engagement and validity, all items were changed from interrogative to first-person declarative form.
The scale demonstrated good internal consistency in the current sample (Cronbach’s a = 0.838). The
27 questions were organized into three randomized blocks of nine statements each. Participants
responded “yes” (scored 1) or “no” (scored 0) to each statement, and the total score was used as the
index of sensory processing sensitivity. We adopted this binary format for ease of administration,
and because the HSP scale is traditionally rated on a Likert scale, we validated the results in a

separate sample of 150 participants using the standard format (see Results).

Partial correlation and regression analyses.
To examine the relationship between internal representational propensities and sensory

processing sensitivity, we first conducted partial correlations between each IRQ factor score and the
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total HSP scale score. These analyses controlled for demographic variables (age, sex, education level)
and the other two IRQ factor scores. For convergent evidence, we also performed a multiple linear
regression analysis using the total HSP scale score as the dependent variable. All IRQ factors
(orthographic, verbal, and visual) and the same demographic variables were entered simultaneously

as predictors.

Study 3: Correlation between IRQ scores and media-specific app usage time.
Mobile App Usage Time Questionnaire.

A questionnaire assessing real-world information preferences was administered to 487
participants (197 males; mean age = 29 years). This instrument quantified daily usage time across
three primary app categories, each selected for its direct correspondence to cognitive modalities
assessed by the IRQ: (1) Reading apps (e.g., WeRead, including a variety of books; associated with
orthographic imagery); (2) Spoken language audio apps (e.g., Himalaya, including podcasts, radio,
audiobooks; associated with internal verbalization); (3) Video apps (e.g., TikTok; associated with
visual imagery). Figure S2 presents the subcategories within each primary app category and
corresponding user counts. Additionally, usage times for gaming, music, and news apps (featuring
multimodal content) were recorded exclusively for calculating total mobile app usage time, which
served as a covariate in subsequent analyses. Participants reported daily usage time for each app
category by selecting from predefined intervals: never, < 30 minutes, 30 minutes—1 hour, 1-2 hours,
2-3 hours, 3—4 hours, or > 4 hours. Responses were numerically recoded as 0, 0.25, 0.5, 1, 2, 3, 4,

respectively, for analysis.

Partial correlation and regression analyses.
To examine associations between internal representational propensities and media-specific
app usage, we replicated Study 2's analytical framework. First, we conducted partial correlations

between each IRQ factor score and time spent in each app category, controlling for demographic
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variables (age, sex, education level), the other two IRQ factor scores, and total mobile app usage
time (aggregated across all categories: reading, audio, video, music, game, news). Including total
usage time as a covariate controlled for its statistical dependence with category-specific usage. For
convergent evidence, we also performed multiple linear regression analyses using time spent in each
primary app category as the dependent variable. All models included the IRQ factors (orthographic,
verbal, visual), demographic variables (age, sex, education level), and total mobile app usage time as
predictors to estimate each factor’s unique contribution.

Correlation and regression analyses in this research were conducted using JASP (Version
0.18.3.0; JASP Team, 2024).

The data and analysis code associated with this study are available at OSF

(https://osf.io/x3an5/?view_only=6974a468ba304606a5aeb313d762cb61).

Results

Group profile and individual differences in IRQ across three studies

We collected IRQ data from a total of 1399 participants across three studies. Mean scores
for each IRQ factor were as follows, on scales 1-5: orthographic = 3.69, verbal = 3.84, visual = 4.08.
Intercorrelations among IRQ factors and their demographic associations are presented in Table 2.
Orthographic scores correlated strongly with verbal scores (r = 0.677, p < 0.001), moderately with
visual scores (r = 0.406, p < 0.001), while visual-verbal correlations were relatively weaker (r = 0.296,
p < 0.001). Among demographic variables, age showed a small but statistically significant association
with orthographic scores (r = 0.078, p = 0.004). Sex did not exhibit any significant relationship with
IRQ factors (ps > 0.056), whereas education level was significantly correlated with all IRQ factors
(rs >0.067, ps < 0.012). Partial correlation analyses controlling for the other two IRQ factors revealed
that age was specifically positively associated with orthographic scores (partial r = 0.088, p < 0.001)
and negatively associated with verbal scores (partial r =-0.057, p = 0.033). Sex significantly

correlated with orthographic scores (partial r = 0.071, p = 0.008; female set to 0, indicating that
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males scored higher). Education level no longer showed significant specific associations with any of
the IRQ factors. Given these interrelationships, all subsequent analyses examining associations
between a specific IRQ factor and either semantic representations or external information
processing statistically controlled for the other two IRQ factors and demographic variables (age, sex,
education level).

Figure 2 displays the distributions of individual scores for each IRQ factor. To quantify
within-participant score dispersion across the three IRQ factors, coefficients of variation (CV) were
computed for each individual, with gradient shading (light gray to black) representing CV magnitude.
Participants with low variability (CV < 10%; n = 826, 59% of the sample) primarily exhibited uniformly
high scores across factors. Specifically, 663 individuals (80% of this subgroup) had all three factor
scores 2 3.5. Conversely, uniformly low scores (all factors < 3.5) were rare (n = 22; 2.7% of the
subgroup), suggesting that most participants engaged at least one self-report internal
representation modality. This pattern is consistent with the findings reported by Roebuck and
Lupyan (2020).

Inter-individual variability was also observed within each factor: orthographic exhibited the
greatest variability (CV = 0.210), followed by verbal (CV = 0.160) and visual (CV = 0.137).

Having characterized these individual differences, we next examine their relationships with
internal semantic representations and external information processing through the following three
studies. When relationships between specific IRQ scores and univariate variables are examined (e.g.,
HSP scale score) partial correlation analyses were used, with multiple regression model results also
reported for convergence when applicable; when relationships between specific IRQ scores and
representation patterns are examined (i.e., overall semantic association pattern), multivariate

analyses—Relevance Vector Regression (RVR)—were used.

—Figure 2 & Table 2 here—
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Study 1: Correlation between IRQ scores and semantic association patterns

This study examined the relationship between internal representational propensities and
semantic representations using a multidimensional semantic rating paradigm. We conducted nine
rating experiments across four independent participant groups (N = 1,109), evaluating six word sets
spanning diverse conceptual categories—vegetables, fruits, concrete objects, scenes, occupations,
emotions, abstract terms—along four semantic dimensions: overall conceptual meaning, emotional
experiences, color attributes, and flavor properties (Table 1). This design enables meta-analytic
synthesis across experiments, allowing the discovery of subtle yet robust effects. It also enhances
ecological validity by incorporating stimulus diversity, thereby facilitating the reliable detection of
associations that are not confounded by semantic category or rating dimension.

To assess whether individuals with varying levels of internal representational propensity
exhibit distinct semantic structures, we first applied RVR to predict IRQ scores from overall semantic
association patterns. Building on theoretical assumptions outlined in the Introduction, we further
examined the relationship between IRQ scores and two specific dimensions of semantic structure:
semantic clustering, assessed via within- and between-cluster association strength, and semantic
conformity, operationalized as individual-to-group semantic alignment. Given that both semantic
representations and internal representational propensities reflect latent cognitive traits whose
causal direction remains unclear—and considering that correlation coefficients are more appropriate
than regression weights for meta-analytic synthesis—we adopted correlational analyses, rather than
predictive modeling, to characterize the strength and consistency of these relationships across

semantic rating experiments.

Overall semantic association patterns significantly associate with orthographic imagery scores.
We applied RVR to predict IRQ factor scores from semantic association ratings (Figure 3A).
Ratings for each word pair served as input features, with IRQ factor scores as outcome variables. To

isolate the unique contribution of each IRQ factor, we regressed out covariates including
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demographic variables and the other two IRQ factors. Prediction performance was evaluated as
Pearson’s correlation between predicted and observed residual scores, with robustness ensured
through 5-fold cross-validation (see details in Methods). Significance was assessed via permutation
testing (5,000 iterations), in which IRQ scores were randomly shuffled within each fold to generate a
null distribution. Significance thresholds were set at p < 0.05.

As shown in Table 3 and Figure 3B, orthographic scores showed positive predictive-observed
correlations in 8 out of 9 experiments. To quantify the overall predictive strength of semantic
association patterns for each IRQ factor (Table 4, Figure 3B), we conducted meta-analyses across
experiments. Results confirmed a significant overall effect for orthographic scores (Fisher Z-
transformed r = 0.093; 95% C/ [0.036, 0.150]; p = 0.015), whereas effects for the other two IRQ
factors were non-significant (ps > 0.113). To assess potential publication bias, we performed Egger’s
test (t = 0.488, p = 0.640) and the rank correlation test (Kendall’s tau = 0, p = 1), both indicating no
evidence of bias. These findings demonstrate small but reliable correlations between overall

semantic association patterns and orthographic imagery propensity across varied word sets.

—Figure 3, Table 3&4 here—

Correlation between IRQ scores and between- vs. within- semantic clusters.

To investigate the relationship between internal representation propensity and the
structural characteristics of semantic association patterns, we examined two indices: within-cluster
association strength and between-cluster association strength. To compute these metrics, we first
performed hierarchical clustering on each experiment’s group-level semantic distance matrix to
identify underlying cluster structures. Based on the resulting cluster assignments (Figure S1),
individual-level metrics were computed from each participant’s ratings: within-cluster association
strength was defined as the average association for word pairs within the same cluster, and

between-cluster association strength as the average for those spanning different clusters. We then
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computed partial correlations between scores for each IRQ factor and the cluster structure metrics
(Figure 4A), controlling for age, sex, education level, and the other two IRQ factors.

As summarized in Table 3 and Figures 4B and 4C, analyses revealed distinct patterns across
IRQ factors: (1) Between-cluster association strength consistently exhibited positive correlations
with orthographic scores across all nine experiments (9/9); (2) Within-cluster association strength
frequently exhibited positive correlations with verbal scores (8/9). Meta-analyses for each IRQ factor
across the nine experiments confirmed a significant and consistent positive correlation between
orthographic scores and between-cluster association strength (Figure 4B and Table 4; Fisher Z-
transformed r = 0.098; 95% C/ [0.057, 0.140]; p = 0.006), whereas correlations for verbal and visual
scores were non-significant (ps > 0.122). For within-cluster association strength, a consistent positive
correlation was observed for verbal scores (Figure 4C and Table 4; Fisher Z-transformed r = 0.072;
95% CI[0.031, 0.113]; p = 0.012), whereas correlations for orthographic and visual scores were non-
significant (ps > 0.172). Collectively, these findings indicate that orthographic and verbal
representational propensities are differently associated with semantic structure: individuals with
stronger orthographic imagery propensity exhibit stronger associations between conceptually
distant words (i.e., across semantic clusters), whereas individuals with stronger internal verbalization

exhibit stronger associations among conceptually related words within the same semantic cluster.

—Figure 4 here—

Correlation between IRQ scores and semantic conformity.

To assess the relationship between internal representational propensities and semantic
conformity (Figure 5A)—operationalized as Fisher’s Z-transformed Spearman correlations between
each individual’s semantic association ratings and the leave-one-out group mean pattern—we
computed partial correlations between each IRQ factor and the conformity metric, controlling for

age, sex, education level, and the other two IRQ factors.
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As shown in Table 3 and Figure 5B, the analyses revealed distinct patterns across IRQ factors.
Orthographic scores consistently exhibited negative correlations with semantic conformity in all nine
experiments (9/9). The meta-analysis confirmed a significant negative correlation between
orthographic scores and semantic conformity (r = -0.065, 95% C/ [-0.121, -0.009], p = 0.035), while
correlations for verbal and visual factors were non-significant (ps > 0.235). These findings suggest
that individuals with stronger orthographic imagery propensity form semantic associations in
idiosyncratic patterns, diverging from group-level norms.

Given that orthographic scores correlated with both between-cluster association strength
and semantic conformity, we further examined the relationship between these two semantic
variables. This analysis revealed a consistent negative correlation between semantic conformity and
between-cluster association strength across all experiments (Table S2; Fisher Z-transformed r = -
0.178; 95% C/ [-0.292, -0.064]; p = 0.018). We then performed partial correlation analyses to
disentangle the contributions of between-cluster association and semantic conformity. When
controlling for semantic conformity, the correlation between orthographic scores and between-
cluster association strength remained statistically significant (Fisher Z-transformed r = 0.089; 95% C/
[0.037,0.140]; p = 0.013). In contrast, the correlation between orthographic scores and semantic
conformity was no longer statistically significant when controlling for between-cluster association
strength (Fisher Z-transformed r = -0.051; 95% CI [-0.112, 0.010]; p = 0.073). These results indicate
that the link between orthographic scores and semantic conformity is primarily explained by

between-cluster association strength, not the reverse.

—Figure 5 here—

Study 2: Correlation between IRQ scores and HSP scale scores

This study examined the relationship between internal representational propensities (IRQ

factor scores) and sensory-processing sensitivity (HSP scale scores). Partial correlation (Figure 6A,
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left panel) between individual IRQ scores and HSP scale scores, controlling for the other two IRQ
score and demographic variables (age, sex, and education level), showed that orthographic scores
were significantly associated with HSP scale scores (partial r =-0.210, p < 0.001), and not visual
(partial r=0.051, p = 0.136) and verbal (partial r = 0.042, p = 0.221) scores. Multiple linear regression
analysis using HSP scale scores as the dependent variable and the three IRQ factors along with
demographic variables (age, sex, and education level) as predictors confirmed the same results: The
regression model was statistically significant (see Figure 6A, right panel and Table 5), F (6, s6s) =
18.725, p < 0.001, accounting for 10.8% of the variance in HSP scale scores. The contribution of
orthographic scores was significant, in the negative direction (b =-1.917, t = -6.330, p < 0.001), while
the verbal and visual factors did not reach significance (ps > 0.136). Age (b =-0.138, t =-5.846, p <
0.001) and education level (b =-0.507, t = -2.023, p = 0.043) negatively predicted HSP scale scores.
The regression coefficient of sex also significant (b =-0.740, t =-2.139, p = 0.033; female set to O,
indicating that males reported lower HSP scores than females).

To address potential measurement effects from the use of binary (yes/no) response options
instead of the conventional 7-point Likert scale for HSP assessment, we conducted a supplementary
replication study with an independent sample of 151 participants using the standard format. The
replication yielded convergent results: The regression model remained statistically significant (F (s, 144)
=6.883, p < 0.001), accounting for 19.0% of variance in HSP scale scores. Orthographic scores again
significantly and negatively predicted HSP scale scores (b =-0.341, t =-2.518, p = 0.013), while verbal
and visual factors remained non-significant (ps > 0.414). Among demographic variables, only age
retained a significant negative effect (b =-0.037, t =-3.197, p = 0.002), whereas education level
showed a marginal trend toward significant (b = -0.205, t =-1.852, p = 0.066) and sex was no longer
significant (p = 0.839). Taken together, these findings demonstrate a robust negative association
between IRQ orthographic imagery scores and HSP scale scores, suggesting that individuals with

stronger orthographic imagery propensity exhibit lower sensory-processing sensitivity.
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—Figure 6 and Table 5 here—

Study 3: Correlation between IRQ scores and media-specific app usage time

This study examined the relationship between internal representational propensities and
real-world media engagement across three widely used apps with different types of media: reading
apps (e.g., WeRead, including a variety of books), audio apps (e.g., Himalaya, including podcasts,
radio, audiobooks), and video apps (e.g., TikTok). We modeled self-reported time spent on each
category as the dependent variable. Predictors included the three IRQ factor scores, demographic
variables (age, sex, and education level), and total app usage time (controlling for its mathematical
dependency on specific app usage time).

After controlling for the other two IRQ factors, total app usage, and demographics (age, sex,
education), partial correlations (Figure 6B, left panel) showed that only visual scores were
significantly associated with reading app usage time (r=-0.117, p = 0.010), with all other IRQ factor-
app correlations non-significant (ps > 0.100). Including all variables in multiple regression models
showed convergent results: All regression models were significant (ps < 0.001), with reading: F (7,479
= 18.385, adjusted R? = 0.200; audio: F (7,479) = 37.530, adjusted R% = 0.345, and video: F (7,479) =
67.574, adjusted R?=0.490. Total usage time positively predicted engagement across all app
categories (ps < 0.001). Visual scores negatively predicted reading app usage time (b =-0.114, t = -
2.585, p = 0.010; Figure 6B, right panel and Table 6). Orthographic and verbal scores were non-
significant predictors across all app categories (ps > 0.100). Among demographics, female
participants spent more time on reading apps (b =-0.125, t =-2.657, p = 0.008; female set to 0),
older participants consumed more audio content (b =0.015, t = 6.259, p < 0.001), and younger age
(b=-0.013, t =-2.867, p = 0.004) combined with lower education level (b =-0.099, t =-2.096, p =
0.037) predicted longer video usage. Taken together, these results suggest that individuals with

stronger visual imagery propensity engage less with text-based content.
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—Table 6 here—

Relationships between effects across studies

Summarizing across studies, we found that stronger orthographic imagery propensity is
significantly positively associated with between-cluster semantic association strength (leading to
lower semantic conformity; Study 1) and significantly negatively associated with sensory-processing
sensitivity (Study 2). To investigate potential links between these effects—specifically, whether
sensory-processing sensitivity correlates with between-cluster semantic associations—we analyzed
data from 630 participants who completed both the semantic rating tasks and HSP scale (Table S3).
Meta-analysis results revealed a nonsignificant correlation between HSP scale scores and between-
cluster association strength (Fisher Z-transformed r = -0.062; 95% CI: [-0.240, 0.116]; p = 0.337).
Furthermore, with this reduced overlapping sample size, mutually controlled associations were
significant without CR2 correction (ps < 0.031), and were marginally significant with CR2 correction
(orthographic score and between-cluster association strength: Fisher Z-transformed r = 0.144; 95%
Cl: [-0.036, 0.324]; p = 0.082; orthographic score and HSP scale score: Fisher Z-transformed r = -
0.218; 95% CI: [-0.469, 0.032]; p = 0.069). That is, the effects of IRQ orthographic imagery with
semantic associations and with HSP scale cannot be readily attributed to one source.

To intuitively illustrate our core findings, we present a demonstrative example
characterized by high orthographic imagery propensity (score = 4.67, z = 1.26). This participant
assigned unusually elevated ratings to cross-cluster semantic word pairs (e.g., moon—shy: 5, group
mean = 2.91; baton—chalk: 5, group mean = 2.07), exhibiting low sensory-processing sensitivity (HSP
scale score = 10, z = -1.27)—a profile suggestive of diminished reactivity to intense stimuli such as

pain, bright lights, and coarse fabrics.

Discussion
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This study examined how three internal representational modes—orthographic imagery,
visual imagery, and internal verbalization—influence semantic architecture and external information
processing. Orthographic imagery, newly defined mode as “the mental simulation of written words”,
showed the strongest effects (Figure 7): For internal semantic representations, it was related to
between-cluster semantic associations, leading to reduced semantic conformity; For external inputs,
individuals with higher orthographic imagery scores exhibited reduced sensitivity to intense sensory
stimuli, which did not explain the internal semantic variations. Contrary to expectations,
orthographic imagery did not predict real-world reading app engagement; instead, stronger visual
imagery was associated with reduced reading app use. Finally, individuals with higher internal

verbalization scores showed greater within-cluster semantic associations (stronger categorization).

—Figure 7 here—

First, it is important to note that the observed effect sizes linking internal representational
propensity and semantic architecture were rather modest (rs = 0.10). Gignac and Szodorai (2016)
reported that the 25th percentile of observed correlations across 708 meta-analyses in psychological
individual-differences research (e.g., personality and intelligence) was approximately r = 0.11,
suggesting that the effect sizes we observed are close to falling within the expected range.Even small
effects can accumulate into meaningful outcomes (Funder & Ozer, 2019). Moreover, as presented in
the Introduction, for our measure of interest—semantic representation—only quite subtle effects
are predicted. The internal semantic architecture behaviorally probed results from a fairly high-
dimensional space (Hebart et al., 2020). Different representational modes (visual or language-
derived) share some relational structures, with cat and dog related in both the visual and language
spaces. Variations would only come from those relational structures that are potentially different
across representation modes, which can be a very small fraction of the high-dimensional semantic

space. Importantly, meta-analytic integration across nine experiments (N = 1,109) confirms robust
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statistical reliability, especially for orthographic imagery, despite small effect magnitudes. Another
methodological note is that the results are correlational in nature, and in the discussion below we
specifically avoid drawing causal conclusions.

Is orthographic imagery simply a byproduct of education — people with more reading
experience and/or proficiency? Measured by six items in the IRQ (Roebuck & Lupyan, 2020), it
assesses text visualization during thinking, remembering, and conversing. While education level
showed subtle but significant positive correlations with all three representational modes (visual,
verbal, and orthographic), no specific association persisted between education and orthographic
imagery after controlling for the other two IRQ factors. This indicates orthographic imagery is not a
simple reflection of literacy. Conversely, after controlling for the other two IRQ factors, orthographic
imagery uniquely increased with age, while internal verbalization declined. This verbalization-age
negative correlation contrasts with established childhood developmental patterns (where inner
speech emerges from self-directed speech; Alderson-Day & Fernyhough, 2015). Although future
research should investigate lifespan trajectories of these internal representational modes, in our key
analyses the effects of age were controlled for along with other demographic variables.

Our key finding suggests a structured relationship between internal representational
propensities and semantic architecture, partially consistent with the initial hypotheses. We observed
a functional dissociation between orthographic imagery and internal verbalization despite their
inter-correlation: orthographic imagery was positively associated with between-cluster associations
(category expansion), while internal verbalization was linked to within-cluster associations (category
cohesion). This intriguing difference was not directly predicted by any established theory of IRQ. Two
issues are worth considering regarding this difference. First, we tested speakers of Mandarin
Chinese, which is a well-known logographic language, characterized by opaque mappings between
phonology and orthography. We do not know whether such functional dissociation is also robustly
present in speakers of transparent languages such as Indo-European ones. There are also more

general differences in terms of the contents and/or cognitive aspects of written vs spoken
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languages. Previous studies have discussed that written language is grammatically more complex,
less context-dependent and exhibits greater lexical diversity (Schallert et al., 1977), and may be
associated with more abstract and creative thought, as it externalizes memory, reduces temporal
constraints, and enables symbolic reorganization (Olson, 1996; Ong & Hartley, 2013). It is thus
possible that spoken language (underpinning internal verbalization) operates under temporal and
auditory constraints, privileging local semantic integration; written language (supporting
orthographic imagery) relies on visual-syntactic encoding with fewer temporal demands, which may
allow structural reorganization that may support more distant associations. These speculations await
further testing.

Notably, orthographic imagery negatively correlated with semantic conformity, a
relationship that was largely explained by its link to between-cluster associations. This pattern may
point to a cognitive trade-off in which orthographic processing is more aligned with conceptual
innovation than adherence to consensus. Because between-cluster linking has been identified as a
key mechanism of creative thinking (Mednick, 1962) and prior evidence connects semantic distance
with creative potential (Green, 2016; Kenett, 2018), heightened orthographic imagery might
facilitate such creative semantic structures. Future research should also examine whether
orthographic training could influence creative cognition through changes in between-cluster
associations.

Does rich orthographic imagery IRQ mode drive tendency of more reading, or the result of
more reading experience? We did not observe any correlation with reading app usage. In general,
the IRQ modes and the app use habits did not show transparent correspondence—uvisual/verbal
propensities showed no modality-specific alighment with video/audio app engagement. This pattern
diverges from previous claims of congruence between internal-style and behavioral patterns
(Blazhenkova & Kozhevnikov, 2009; Mehigan et al., 2011; Tsianos et al., 2009). This divergence may
be related to methodological distinctions—prior instruments measured internal

representational abilities, whereas the IRQ assesses propensity—correlated but theoretically distinct
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constructs (Roebuck & Lupyan, 2020). Importantly, visual imagery propensity negatively

predicted reading app engagement, suggesting individuals with strong visual imagery avoid text,
possibly due to cognitive mismatch—where orthographic decoding might impose disproportionate
effort relative to visual processing. Collectively, these findings reveal that propensities for distinct
representational modes show only limited predictive power for information engagement. The
neurocognitive origins of such individual differences and their behavioral manifestations require
further investigation.

We also examined sensory-processing sensitivity (measured by the HSP scale) as another
external information-processing indicator potentially linked to internal representational
propensities. Guided by the correspondence between internal representational modes and external
information intake, we anticipated that visual imagery—a sensory-based representational
propensity—would show a positive association with HSP scale scores. Contrary to this expectation,
our data revealed a robust inverse relationship between orthographic imagery propensity and HSP
scale scores. This finding suggests that orthographic processing, characterized by symbolic
abstraction, may contribute to attenuated environmental sensitivity. The observed negative
correlation carries potential clinical significance. Given the well-established connections between
heightened sensory-processing sensitivity and increased vulnerability to anxiety and depression
(Bordarie et al., 2022; Lionetti et al., 2023; Liss et al., 2005), this pattern indicates that orthographic
processing mechanisms could inform novel intervention approaches. Future research should
investigate whether targeted orthographic training might benefit individuals with heightened

sensory-processing sensitivity.

Conclusion
This investigation revealed distinct cognitive impacts of three internal representational
modes. Orthographic imagery emerged as particularly influential, simultaneously strengthened

between-cluster semantic associations, reduced semantic conformity (primarily explained by
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between-cluster strength), and attenuated sensory-processing sensitivity. These findings position
orthography imagery not merely as perceptual processing but as a potential top-down modulator of
cognition and affect, suggesting relevance for creativity research, clinical interventions, and
education. Future work should explore orthography imagery’s neural substrates, developmental

trajectory, and cross-linguistic variability to unlock its full theoretical and applied potential.

Constraints on Generality

The present findings are expected to generalize, at minimum, to literate adult Mandarin
speakers, as this was the population from which our 1,399 online participants were drawn. Because
the study employed Chinese-language materials and involved a logographic writing system,
generalization to speakers of alphabetic languages rests on theoretical assumptions about the
origins of the effects. Nevertheless, the constructs examined (e.g., orthographic imagery, internal
verbalization, visual imagery, and semantic structures) capture general cognitive components rather
than language-specific skills, suggesting that similar patterns may extend beyond Chinese speakers.
Replication in other linguistic and cultural contexts will be important for assessing the broader

generality of these results.
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Figure 1

Overview of the present research. Study 1 explored how individual differences in internal representational propensities relate to semantic representation
by correlating IRQ scores with different semantic metrics: (1) overall semantic association patterns; (2) Semantic cluster structure, including within-cluster
association (the mean association strength among items within the same semantic cluster) and between-cluster association (the mean association strength
among items from different semantic clusters); (3)Semantic conformity, defined as the similarity between each individual’s association pattern and the
leave-one-out group mean. Study 2 examined the relationship between internal representational propensities and sensitivity to external sensory input,
using the Highly Sensitive Person Scale (Appendix B). Study 3 investigated how internal representational propensities align with real-world information

preferences, assessed via self-reported mobile app usage time. IRQ = Internal Representations Questionnaire.
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Figure 2

Distribution of individual scores on each IRQ factor. Mean scores range from 1 to 5, corresponding to
responses from “strongly disagree” to “strongly agree.” Each participant’s mean score is connected by a line
and color-coded with a gradient from light gray to black, reflecting the magnitude of variation (measured by
the coefficient of variation across the three factors). Maroon diamond markers represent the group mean
for each factor. Error bars denote the mean + standard deviation. A black horizontal line above indicates a

significant group mean difference between two compared factors (ps < 0.001). CV = coefficient of variation.
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Figure 3

Analysis 1.1: Predicting IRQ scores from overall semantic association patterns. A. Flowchart illustrating the
use of Relevance Vector Regression (RVR) to predict IRQ factor scores from semantic association patterns.
Semantic similarity/relatedness ratings between word pairs served as input features, with one of the three
IRQ factor scores as the outcome variable. A 5-fold cross-validation procedure was employed to ensure
model robustness. Correlations between predicted and observed IRQ residual scores were averaged across
folds. RSM = representation similarity matrix; IRQ = Internal Representations Questionnaire. B. Forest plot of
meta-analysis results across nine semantic rating experiments predicting each IRQ factor score using
semantic association patterns. Dot color (light to dark) reflects sample size (small to large samples). Error
bars represent the 95% confidence interval of the Fisher Z-transformed correlation coefficient. Note that
significance levels of the RVR-derived correlations were obtained via permutation testing (see Table 5); the
confidence intervals shown here do not reflect statistical significance of the predictive effect. Red squares
denote significant meta-analytic results. Experiment labels indicate participant counts, stimulus sets, and
semantic assessment type (Sem = semantic similarity/relatedness; Emo = emotional similarity),

corresponding to Table 1. CHE = correlated and hierarchical effects.
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Figure 4

Analysis 1.2: Correlation between internal representational propensities and semantic cluster structure—
within- and between-cluster semantic association strength. A. Flowchart illustrating the procedure for
correlating IRQ scores with semantic associations within or across clusters. Hierarchical clustering was
applied on each experiment’s group-level RDM to identify underlying cluster structures. Based on the
resulting cluster assignments, individual-level metrics were extracted from each participant’s RSM: within-
cluster association was defined as the average association for word pairs within the same cluster, and
between-cluster association as the average for those spanning different clusters. Finally, we calculated
Pearson correlations between IRQ scores and these two indices across participants. RDM = representation
distance matrix; RSM = representation similarity matrix; IRQ = Internal Representations Questionnaire. B.
Forest plot of meta-analysis results across nine semantic rating experiments showing correlations between
each IRQ factor score and between-cluster association. C. Forest plot of meta-analysis results across the
same experiments showing correlations with within-cluster association. Dot color (light to dark) reflects
sample size (small to large samples). Error bars represent the 95% confidence interval of the Fisher Z-
transformed correlation coefficient. Red squares denote significant meta-analytic results. Experiment labels
indicate participant counts, stimulus sets, and semantic assessment type (Sem = semantic
similarity/relatedness; Emo = emotional similarity), corresponding to Table 1. CHE = correlated and

hierarchical effects.
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Figure 5. Analysis 1.3: Correlation between internal representational propensities and semantic conformity.
A. Flowchart illustrating the procedure for correlating IRQ scores with semantic conformity. For each
participant, we computed semantic conformity as the Fisher Z-transformed Spearman correlation between
that participant’s semantic association pattern (i.e., pairwise semantic similarity/relatedness ratings) and
those of all other participants. We then calculated the Pearson correlation between this index and each IRQ
factor score across participants. RSM = representation similarity matrix; IRQ = Internal Representations
Questionnaire. B. Forest plot of meta-analysis results across nine semantic rating experiments showing
correlations between each of the three IRQ factor scores and semantic conformity. Dot color (light to dark)
reflects sample size (small to large samples). Error bars represent the 95% confidence interval of the Fisher
Z-transformed correlation coefficient. Red squares denote significant meta-analytic results. Experiment
labels indicate participant counts, stimulus sets, and semantic assessment type (Sem = semantic
similarity/relatedness; Emo = emotional similarity), corresponding to Table 1. CHE = correlated and

hierarchical effects.
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Figure 6

A. Results from Study 2: Correlations between IRQ scores and HSP scale scores. Left panel: Scatter plot
showing the relationship between IRQ orthographic scores and HSP scale scores. Right panel: Multiple linear
regression results predicting HSP scale scores from IRQ factor scores. B. Results from Study 3: Correlations
between IRQ scores and media-specific app usage time. Left panel: Partial correlation coefficients showing
associations between each app category and each IRQ factor, controlling for total usage time, demographic
variables (age, sex, education), and the other two IRQ factors. Right panel: Results of the multiple linear
regression predicting reading app usage time from IRQ factor scores. Total usage time reflects the
cumulative time spent using various app categories (i.e., video, audio, reading, gaming, music, news).
Regression coefficients were unstandardized. Error bars represent the 95% confidence interval (Cl) for each
unstandardized coefficient. HSP = Highly Sensitive Person; IRQ = Internal Representations Questionnaire. Red

asterisks indicate statistically significant coefficients. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Figure 7.

Summary of key results. Diagram illustrating the main findings across Studies 1-3.
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Table 1

Semantic association rating experiments

44
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semantic rating type

Group 1 (291)
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Table 2

Correlations among IRQ factors and their associations with demographic variables

Orthographic Verbal Visual

r p r p r p
Orthographic - - - - - -
Verbal 0.677 <0.001*** - - - -
Visual 0.406 <0.001*** 0.296 <0.001*** - -
Age 0.078 0.004** 0.011 0.679 0.039 0.145
Sex 0.051 0.056 0.002 0.950 2.934*10*% 0.991
Education level 0.081 0.002** 0.090 <0.001*** 0.067 0.012*

Note: *** p < 0.001; ** p <0.01; * p <0.05.

45
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Table 3
Partial correlations between semantic structure metrics and IRQ factors
Semantic orthographic verbal visual
structure Datasets
metrics
r p r p r p
5 291ss_22_Sem 0.146  0.008** -0.010 0.571 -0.063 0.847
B 291ss_24_Sem 0.109 0.039* 0.131 0.016* 0.096 0.038*
g 343ss_10-1_Sem 0.095  0.048* 0.006 0.452 -0.001 0.496
© 343ss_10-2_Sem 0.175  0.001** 0.062 0.140 0.042 0.221
é 343ss_10-1_Emo 0.091 0.059 0.009 0.440 0.068 0.146
g 343ss_10-2_Emo -0.066 0.967 0.022 0.321 0.122  0.004**
; c 206ss_18_Emo 0.130 0.032%* -0.066 0.822 0.229  0.001**
g g 269ss_10_Color 0.042 0.201 0.160 0.003** 0.209 <.001***
3 & 269ss_10_Flavor 0.084 0.058 -0.050 0.783 0.261 <.001***
5 291ss_22_Sem 0.059 0.316 0.051 0.391 0.037 0.530
s 291ss_24_Sem 0.077 0.191 0.065 0.270 0.018 0.764
.g 343ss_10-1_Sem 0.166  0.002** -0.003 0.956 -0.011 0.836
© 343ss_10-2_Sem 0.142  0.009** 0.071 0.192 -0.032 0.552
.g 343ss_10-1_Emo 0.120 0.028* -0.003 0.959 0.054 0.325
% 343ss_10-2_Emo 0.031 0.567 0.053 0.329 0.019 0.732
§ -“:S'n 206ss_18_Emo 0.121 0.088 0.037 0.604 -0.176 0.012*
E S 269ss_10_Color 0.127 0.039* -0.038 0.536 -0.170  0.006**
@ ‘3 269ss_10_Flavor 0.054 0.380 0.024 0.699 -0.159 0.010*
5 291ss_22_Sem 0.002 0.975 0.124 0.035%* 0.095 0.108
b 291ss_24_Sem -0.079 0.183 0.059 0.322 0.054 0.362
'g 343ss_10-1_Sem 0.032 0.554 0.103 0.057 0.023 0.670
a
© 343ss_10-2_Sem 0.003 0.951 0.079 0.149 -0.011 0.833
5 343ss_10-1_Emo 0.096 0.077 0.081 0.139 0.114 0.036*
"g' 343ss_10-2_Emo 0.011 0.841 0.081 0.138 0.092 0.091
E én 206ss_18_Emo 0.160 0.023* 0.022 0.757 0.120 0.090
:,-C;, S 269ss_10_Color -0.044 0.478 0.129 0.036* -0.062 0.317
= ‘E 269ss_10_Flavor 0.083 0.178 -0.003 0.958 -0.003 0.967
291ss_22_Sem -0.150 0.011%* 0.087 0.144 -0.032 0.588
291ss_24_Sem -0.035 0.551 -0.133 0.025%* -0.091 0.125
- 343ss_10-1_Sem -0.148  0.007** 0.095 0.082 0.072 0.187
E 343ss_10-2_Sem -0.021 0.705 -0.009 0.872 0.063 0.251
.g 343ss_10-1_Emo -0.015 0.780 0.059 0.279 0.099 0.070
S 343ss_10-2_Emo -0.013 0.814 0.052 0.344 0.096 0.079
é 206ss_18_Emo -0.006 0.938 -0.083 0.239 0.226  0.001**
g 269ss_10_Color -0.146 0.017%* 0.049 0.432 0.071 0.253
A 269ss_10_Flavor -0.044 0.475 0.047 0.445 0.143 0.020*

Note: *** p <0.001; ** p <0.01; * p < 0.05.
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Table 4
Meta-analytic results for correlations between semantic structure metrics and IRQ factor scores
Semantic IRQ factor Z, SE p 95% CI Pievez  Pieves  Heterogeneity Publication bias test
structure (%) (%) test
metrics Q p Egger’s Rank correlation
method test
(t, p) (Kendall’s tau, p)
Overall Orthographic 0.093 0.017 5.58 0.015* [0.036 -0.150] 58.37 0 55.631 <0.0001 0.488 0.640 0 1
semantic /o pal 0.028 0019 150 0241 [-0.036-0.093] 60.31 0 50.147 <0.0001 -0.473 0.651 -0.252 0.375
association
pattern Visual 0.128 0.057 2.24 0.113 [-0.056 — 0.313] 25.11 52.38 45.647 <0.0001 2.041 0.081 0.504 0.076
Between- Orthographic 0.098 0.013 7.9 0.006** [0.057-0.140] 34.12 0 22.447 0.0042 -0.298 0.775 -0.189 0.506
cluster o rpal 0029 0013 219 0122 [-0.015-0.074] 14.24 0 10.846 02106 -0.201 0.847 -0.192 0.504
association
strength Visual -0.072 0.054 -1.32 0.280 [-0.245 -0.102] 2.82 69.02 17.946 0.0216 -2.931 0.022 -0.504 0.076
Within- Orthographic 0.032 0.030 1.07 0.370 [-0.068 —0.132] 45.62 0 29.717 0.0002 0.823 0.438 0.063 0.825
CIUSte.r . Verbal 0.072 0.012 5.84 0.012%* [0.031-0.113] 26.38 0 16.224 0.0393 -1.219 0.262 -0.192 0.504
association
strength Visual 0.049 0.027 1.83 0.172 [-0.041-0.139] 36.33 0 24.312 0.0020 0.045 0.965 -0.063 0.825
Semantic Orthographic -0.065 0.017 -394 0.035* [-0.121 --0.009] 51.85 0 40.639 <0.0001 -0.022 0.983 -0.063 0.825
conformity  yjerpa| 0.012 0.027 0.45 0.687 [-0.080-0.104] 58.25 0 47905 <0.0001 -1.265 0.246 -0.378 0.183
Visual 0.085 0.057 1.48 0.235 [-0.098 — 0.268] 2.38 72.41 18.944 0.0152 0.902 0.397 0.189 0.506
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Table 5

Predictive effects of IRQ factor scores on HSP scale scores

b SE p
Orthographic -1.917 0.303 -6.330 < 0.001***
Verbal 0.455 0.372 1.226 0.221
Visual 0.491 0.329 1.493 0.136
Age -0.138 0.024 -5.846 < 0.001***
Sex -0.740 0.346 -2.139 0.033*
Education level -0.507 0.250 -2.023 0.043*

Note: *** p <0.001; ** p <0.01; * p < 0.05.
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Table 6
Predictive effects of IRQ factor scores on media-specific app usage time
Dependent Predictors SE t P
variable
Orthographic 0.021 0.039 0.523 0.601
Verbal -0.006 0.048 -0.124 0.902
. Visual -0.114 0.044 -2.585 0.010%*
Reading app
. Age -2.170*104 0.003 -0.066 0.948
usage time
Sex -0.125 0.047 -2.657 0.008**
Education level -0.024 0.035 -0.669 0.504
Total app usage time 0.121 0.012 10.401 < 0.001***
Orthographic 0.047 0.029 1.647 0.100
Verbal -0.047 0.035 -1.345 0.179
. Visual 0.035 0.032 1.085 0.278
Audio app
. Age 0.015 0.002 6.259 < 0.001%**
usage time
Sex -0.007 0.034 -0.200 0.842
Education level -0.018 0.026 -0.702 0.483
Total app usage time 0.125 0.008 14.745 < 0.001%***
Orthographic -0.074 0.053 -1.405 0.161
Verbal 0.066 0.065 1.021 0.308
. Visual 0.020 0.059 0.330 0.742
Video app
. Age -0.013 0.004 -2.867 0.004**
usage time
Sex -0.034 0.064 -0.542 0.588
Education level -0.099 0.047 -2.096 0.037*
Total app usage time 0.332 0.016 21.138 < 0.001***

Note: *** p < 0.001; ** p <0.01; * p < 0.05.
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Appendix A

Factor
Visual

Verbal

Questions

| often enjoy the use of mental pictures to reminisce.

FRA W 5 W FH Sk o e K [ 12 AR

| can close my eyes and easily picture a scene that | have experienced.

P HRAG, FATDARZR 2 AR R & Dl 3 = 1A

My mental images are very vivid and photographic.

R B E AR A SE R, WU .

The old saying “A picture is worth a thousand words” is certainly true for me
oK I T IR AR T SR YO S AN

When | think about someone | know well, | instantly see their face in my mind.
BIAE N IRARAE RN, e AE K% b 522007 I A o

| often use mental imagers or pictures to help me remember things.

F H A S i o B P Bk 3 Bh e 12 4

My memories are mainly visual in nature. F& #1012 3 & DI oE i AT -
When travelling to get to somewhere | tend to think more visually than verbally.
N T BEFEAMTTI, Fes i T HIAL R B A & HiE 5 k%
If | talk to myself in my head it is usually accompanied by visual imagery.
WIRIRAE N B 5 AE, CEE R E R .

If imagine my memories visually they are often moving than state.

I RFAMALGE L RIARIRACZ, EATEE R, AL,

| think about problems in my mind in the form of a conversation with myself.
o LA B O 77 20 S e ) i)

If | am walking somewhere by myself, | often have a silent conversation with
myself.

IR NEFEFEAMTT, FIEH A E DT A RS

If I am walking somewhere by myself, | frequently think of conversations that I've
recently had.

IR INGEEIEA T, RPN EALE [ OBl R

My inner speech helps my imagination.

FRA KM b 15 F AT AT IR A R

| tend to think things through verbally when | am relaxing.

L PRIBRA RN, FA ) I F R AR

When thinking about a social problem, | often talk it through thoughts in my
mind.

HRAFE A, A E AR LN A PR

I like to give myself some down time to talk through thoughts in my mind.
WEXRG H O LU PRI E], 72K B e H S AR

| hear words in my “mind’s ear” when | think.

B HIAg,  JS kL o 07 T LAY 2 BB B I RE S .

| rarely vocalize thoughts in my mind. *
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Factor

Orthographic

Manipulation

Questions

AR DAL S o v it LB P AR . *

| often talk to myself internally while watching TV.

WA AL BRI /e O BLER B O Ui,

My memories often involve conversations I've heard.
AL H W B BN AR

When | read, | tend to hear a voice in my “mind’s ear”.
IR, J Sk o 07 4% Be T 2 5

When | hear someone talking, | see words written down in my mind.

£ ST DN TR N T AR kN DA VA e

| see words in my “mind’s eye” when | think.

LB R, AT AR IR Sk o B S .

When | am introduced to someone for the first time, | imagine what their name
would look like when written down.

L AR — R A LI, RS GAN T2 75 TR EH AR T
76

A strategy | use to help me remember written material is imaging what the writing
looks like.

MTEEE W CIZBIARE, RS R B TR ST E RS B R
WL

I hear a running summary of everything I am doing in my head.

RELE S BT 21 5C T 3R AEAE MU B 15 1) — S PRod e 4

| rehearse in my mind how someone might respond to a text message before |
send it.

FERIEIAE Z A, FREAE K o P 7 2> ey [ 52

| can easily imagine and mentally rotate three-dimensional geometric figures.
AT LURA G AR — =L LAY, IRAE Sk b ie s & .

| can easily choose to imagine this sentence in my mind pronounced unnaturally
slowly.

AT DR 5 A8 R I A T8 7R TR S b {E 7 G A8 3 8 SR IR

In school, | had no problems with geometry.

FESFIRIN 5 2] J U R B8 AT R A

It is easy for me to imagine the sensation of licking a brick.

FRARES Ty R R R — Pl S 1) S

| find it difficult to imagine how a three-dimensional geometric figure would
exactly look like when rotated.*

PARMEA R — A= LE ) LT BRI J5 = et A ke T . *

| can easily imagine someone clearly talking, and then imagine the same voice
with a heavy cold.

FATDIRE S A R 5 — A ARSI UEE, ARG AR E DM AR E
K E AR .

I think | have a large vocabulary in my native language compared to others.
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Factor Questions
HRINHEE, AR ERERIC IR A,
| can easily imagine the sound of a trumpet getting louder.
AT DR S 5 AR R /N5 1 P 5 AR A kB K
Attention-check The Chinese character "+" has two strokes.
questions R E R .
Elephants are larger in size than dogs.
PN L LTl = N
Most people have five legs.
REBNAA TR

*|tems that are reverse coded
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Appendix B

No. | Questions

1| oA DA Sz 5w Z AR
| am easily overwhelmed by strong sensory input.

2| FRALTAR Y = R A
| seem to be aware of subtleties in your environment.

3| M AHITE S R
Other people’s moods affect me.

4 | PRI EEE BU
| tend to be more sensitivity to pain.

5 | —HIKR, WhARRREEpE e L PRk B A B, SO HARAE T AT A2 T S
R T
| find myself needing to withdraw during busy days into bed or into a darkened room or any
place where | can have some privacy and relief from stimulation.

6 | FoxsuhnmE R R AR AU
| am particularly sensitive to the effects of caffeine.

7 | WHELARZ RO WA AR RS PR TR B A R R A
| am easily overwhelmed by things like bright lights, strong smells, coarse fabrics, or sirens close
by.

8 | KA FE £ t.
| have a rich, complex inner life.

9 | RHHEEE L IRARAEZ
| am made uncomfortable by loud noises.

10 | ZREE IRE M REIRIAHIT 33K
| am deeply moved by the arts or music.

11 | RMAERGHNE SR EANE, WA/ AL,

My nervous system sometimes feels so frazzled that | just have to get off by myself.

12 | FAEFINE M TT.
| am conscientious.

13 | AEG 2N
| am startle easily.

14 | an R R Y EAR 2 F, R HEZ
| get rattled when | have a lot to do in a short amount of time.

15 | an R EM S ANAE, ARG R Z T R A 57 L CE U BT R AL) .
When people are uncomfortable in a physical environment, | tend to know what needs to be
done to make it more comfortable, like changing the lighting or the seating.

16 | —UMARLAFRZAES, WMWK
| am annoyed when people try to get me to do too many things at once.

17 | 3l B U BUE .
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| try hard to avoid making mistakes or forgetting things.

18

WAEH T NE R,

I make a point to avoid violent movies and TV shows.

19

IR G WRAERZHE, W OB,

| become unpleasantly aroused when a lot is going on around me.

20

[RE s A e An B - 2 P A K A D P S WA R SRR =

Being very hungry creates a strong reaction in me, disrupting my concentration or mood.

21

A P AR B LR O T

Changes in my life shake me up.

22

BB ZZARMAEARE . Rl FEMERM.
| notice and enjoy delicate or fine scents, tastes, sounds, works of arts.

23

I AR AERZ FH R LBAD.

| find it unpleasant to have a lot going on at once.

24

A FAEM L HLF AT, IRl S R A SR AR R

I make it a high priority to arrange my life to avoid upsetting or overwhelming situations.

25

SR ZURI A BRI, B A0 Bl L 771 -

| am bothered by intense stimuli, like loud noises or chaotic scenes.

26

WG NFE 5 8l NIRRT, RSB RK. omim, RIS
When | must compete or be observed while performing a task, | become so nervous or shaky
that | do much worse than | would otherwise.

27

NI, SCEPRIEE ITALLF- AR YA AR BB IR 2

When | was a child, my parents or teachers seemed to see me as sensitive or shy.




