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ABSTRACT— Low literacy remains a persistent barrier
to effective health communication, undermining
comprehension, recall, and adoption of recommended
behaviors. Health infographics—concise, = visually
structured artifacts combining text and graphics—have
been promoted as a way to reduce cognitive load and
support understanding among audiences with limited
literacy skills. This manuscript synthesizes theoretical
and empirical foundations for visual-linguistic integration
in health infographics and proposes a rigorous
methodology to evaluate design choices for low-literacy
populations. Drawing on Dual Coding Theory, Cognitive
Load Theory, and multimedia learning principles, we
review evidence on icons, pictographs, layout, numeracy
supports, and plain-language text. We then outline a
randomized experimental design with stratified
recruitment by literacy level, multilingual stimuli, and
validated outcomes (comprehension, recall, behavioral
intention). A statistical analysis plan using ANOVA/GLM
with effect sizes, heterogeneity tests, and sensitivity checks
is detailed. To illustrate feasibility and expected effects,
we present a transparent simulation study comparing
three  conditions—text-only,  pictorial-only, and

integrated visual-linguistic infographics—under
plausible effect sizes informed by prior literature.
Simulated results suggest that integrated designs produce
substantially higher comprehension (A=+2.4 points on a
0-10 scale versus text-only), better 48-hour recall, and
stronger behavioral intentions, with the largest benefits
among participants with very low literacy. We discuss

practical design implications (icon testing, progressive

disclosure, captioning patterns, bilingual glossaries) and
ethical considerations (cultural sensitivity, accessibility,

and misinterpretation risks).

Health infographics can improve health communication for low-literacy populations.
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Figure-1.Health Infographics can Improve Health Communication for

Low-Literacy Populations
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INTRODUCTION

Health information is often conveyed in ways that assume
fluent reading, domain vocabulary, and numeracy. In many
communities, however, limited literacy and health literacy
constrain the ability to accurately interpret instructions,

warnings, or prevention messages. Misunderstanding dosage

labels, screening schedules, and symptom triage guidelines
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can lead to avoidable morbidity and health system strain.
Public health agencies increasingly use infographics—
concise visual summaries melding text, images, and layout—
to bridge this gap. Yet not all infographics are equally
effective. Designs that rely on decorative imagery or jargon-
heavy captions may increase extraneous cognitive load,
whereas carefully integrated visuals and plain-language text

can facilitate encoding and retrieval.

Health Infographics: Bridging the Literacy Gap
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Figure-2.Health Infographics

The challenge is twofold: (1) selecting visual elements (icons,
pictographs, diagrams, sequences) that are universally or
locally interpretable; and (2) integrating minimal text that
anchors visuals without overwhelming readers. Theory
provides guidance. Dual Coding Theory posits parallel verbal
and imagistic channels that can reinforce memory when used
in complementary ways. Cognitive Load Theory warns that
poorly aligned visuals and text add split-attention costs and
overload working memory. Multimedia learning research
further emphasizes signaling, segmentation, and contiguity—

placing labels adjacent to the part of the image they describe.

Despite this foundation, operational practices vary. Some
health campaigns deploy image-heavy posters with negligible
text; others maintain text-dominant flyers with small
decorative icons. For low-literacy populations, both extremes

can fail: images without explicit anchoring are open to

ambiguous interpretation; text without visual scaffolding
remains inaccessible. This paper addresses that gap by
defining, reviewing, and empirically testing visual-linguistic
integration—the deliberate coupling of plain-language
micro-phrases to semantically validated icons, aligned within

a layout that minimizes search and supports action.

Our goals are to (a) synthesize evidence and design
principles; (b) propose a replicable methodology for applied
settings; (c) present a simulation study to -calibrate
expectations for effect sizes; and (d) provide an analysis

template with interpretable metrics for practitioners.

LITERATURE REVIEW

Health literacy and outcomes

Health literacy is the capacity to obtain, process, and
understand basic health information to make appropriate
decisions. Lower health literacy correlates with poorer
disease knowledge, medication errors, and reduced
engagement. Foundational work urges communication
formats that adapt to varying literacy and numeracy,

including plain language, teach-back, and visual aids.

Why visuals help—and when they don’t

Dual Coding Theory suggests information encoded both
verbally and visually is more retrievable. Multimedia learning
principles caution that visuals only help when they are
aligned with text (spatial contiguity), relevant (coherence),
and segmented to manageable wunits. Unnecessary
embellishments can distract and reduce comprehension—
even when they make graphics more appealing—highlighting

the “useful vs. decorative” tension in visual design.

Icons and pictographs

Pictorial aids improve comprehension of instructions,
especially for people with limited literacy or limited

proficiency in the instruction language. However, icon
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interpretation is culturally contingent; comprehension rates
below 85% in target samples indicate a need for redesign per
international symbol testing standards. Pictographs
representing quantities (e.g., 10-by-10 grids to show risk) can
aid risk understanding if legends and anchors are explicit and

numeracy demands are kept low.

Plain language and micro-copy

Short, active-voice phrases (“Wash hands for 20 seconds”)
paired with visuals anchor meaning. Micro-copy should avoid
polysyllabic clinical terms and use common words with
bilingual glosses where needed. Readability formulas are
imperfect proxies for comprehension; user testing remains

essential.

Layout and cognitive load

Split-attention occurs when captions are far from the visual
element they explain. Effective infographics place labels
adjacent to objects (callouts), reduce visual clutter, and chunk
steps into left-to-right or top-to-bottom sequences consistent
with reading habits. Signaling (arrows, numbering) supports

navigation.

Motivation and behavior change

Infographics that incorporate fear appeals (e.g., images of
disease) must balance threat with efficacy information;
otherwise, they risk avoidance. Message framing (gain vs.
loss) interacts with audience characteristics. Behavior
Change Wheel and persuasive technology frameworks
remind designers to combine capability (clear instructions),
opportunity (resources and access info), and motivation

(social proof, prompts) for action.

Accessibility and inclusion

Color contrast, alt-text for screen reader compatibility, and
language accessibility matter for equity. For multilingual

communities, parallel panels with the same visuals and

different micro-copy can maintain consistency while
expanding reach. Participatory co-design with community
members is increasingly recognized as best practice to ensure

cultural resonance and reduce misinterpretation risks.

Empirical gaps

Many studies evaluate single design elements (e.g., icon vs.
text) rather than integrated systems. Few stratify outcomes by
literacy bands or test interaction effects (design x literacy).
Moreover, studies often lack transparent reporting of icon
comprehension rates, test-retest reliability, or long-term
recall. This manuscript addresses these gaps by proposing an

integrated, testable framework.

METHODOLOGY

Study design

A three-arm, parallel-group randomized experiment will
compare (A) Text-only (plain-language bullet points, no
icons), (B) Pictorial-only (sequence of icons with minimal
labels like “Step 1-4”), and (C) Integrated visual-linguistic
infographics (validated icons with adjacent micro-copy in
10-12 words per step, bilingual where applicable). Allocation
is 1:1:1.

Participants and setting

Adults (=18 years) recruited from community clinics and
public health outreach events in multilingual, low-income
neighborhoods. Stratification by functional literacy (very
low vs. low) using a brief validated screener. Exclusion:
severe visual impairment uncorrected by glasses or inability

to provide consent.

Stimuli and content

Infographics target a concrete behavior (e.g., proper hand
hygiene during respiratory outbreaks). All versions

convey identical steps and risk/efficacy information to isolate
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format effects. Icons are drawn in a simple, high-contrast
style; color is used sparingly for signaling. Bilingual micro-
copy (e.g., regional language + English) appears directly

adjacent to the corresponding icon.

Outcomes

e Primary: Comprehension score (0—10), immediate,
via  validated multiple-choice/visual-matching
items.

e Secondary: Free recall score (0—10) at 48 hours
(phone follow-up); behavioral intention (0-5
Likert); icon comprehension rate per symbol (%
correct meaning among exposed participants).

o Exploratory: Time-to-answer (seconds); perceived

clarity (1-5).

Procedure

After consent and literacy screening, participants view their
assigned infographic for up to 90 seconds. They then
complete comprehension tasks on tablets or interviewer-
administered forms, followed by intention measures. At 48
hours, recall is assessed by phone/SMS in participants’
preferred language. Subsamples (n=30/group) complete brief
cognitive interviews to probe misinterpretations, informing

iterative icon refinement.

Sample size and power

Assuming a medium effect (Cohen’s f=0.25) on
comprehension across three groups (0=.05, power=.90),
required N=252 per group. Anticipating 15% attrition for 48-
hour recall, we target N=900 (300/group) to ensure adequate
power for subgroup analyses by literacy stratum and

language.

Ethical considerations

Protocols will be approved by an institutional review board.
Materials avoid stigmatizing imagery, and all participants

receive the integrated version at study end.

STATISTICAL ANALYSIS

Analyses will follow intention-to-treat. For continuous
outcomes (comprehension, recall, intention), we will use one-
way ANOVA with planned contrasts (Integrated vs. Text;
Integrated vs. Pictorial; Pictorial vs. Text). We will report F-
statistics, p-values, 95% ClIs, and effect sizes (partial n?
Cohen’s d for pairwise contrasts). To examine heterogeneity,
we will fit two-way ANOVA/GLM with interaction terms
(Design x Literacy). Assumptions will be checked via
residual diagnostics; if violated, we will confirm findings
with robust standard errors or ordinal regression (for
intention). Missing outcomes at 48 hours will be addressed
with multiple imputation by chained equations under MAR,
with sensitivity analyses (best/worst case bounds). All tests
two-sided, 0=.05, with Holm adjustment for multiple

pairwise comparisons.

Table 1 presents simulated descriptive statistics and omnibus

tests under the design described below.

Outcom | Text | Picto | Integr | Omn | p- | Par
e (scale) - rial- ated ibus | val | tial
only | only | (n=30 | ANO | ue | %?

m=3 | (n=3 0) VA

00) | 00) F2.8
97)

Compreh | 5.4 6.2 7.8 132.5 | <0 | .228
ension 01
(0-10)

48-h 4.8 5.6 7.0 96.4 | <.0 | .177
Recall 01
(0-10)
Behavior | 2.9 33 4.0 45.8 | <.0 | .093
al 01
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Figure-3.Statistical Analysis

Notes: Values are from the simulation study (see next
section). Tukey post-hoc comparisons (simulated): Integrated
> Pictorial > Text for all outcomes (all p<.01). A Design %
Literacy interaction favoring the Integrated condition among
very-low-literacy ~ participants  was  observed  for

comprehension (F(2,894)=5.6, p=.004; n?=.012).

SIMULATION RESEARCH

Rationale

Before field implementation, we simulated the study to
anticipate effect sizes, refine sample size, and test the analysis
pipeline. Simulation parameters were anchored in published
ranges for pictorial aids in low-literacy contexts and

conservative assumptions about between-subject variability.

Data-generating process

We simulated N=900 participants, evenly split across three
arms and two literacy strata (very low vs. low). Outcomes

were drawn from multivariate normal distributions with

means set per arm (Table 1), standard deviations reflecting
realistic dispersion (1.4-2.0 points), and moderate
correlations among outcomes (p=.45) to reflect shared
comprehension skill. Literacy strata shifted means downward
by 0.6 points on comprehension and 0.5 on recall, with a
slightly larger lift from the Integrated condition among very-
low-literacy participants (+0.3 differential), inducing a small

but meaningful interaction.

Simulated analysis

We ran the pre-registered ANOVA/GLM pipeline with
omnibus tests, Tukey pairwise contrasts, and interaction
terms. Assumptions were satisfied in 95% of runs (based on
Shapiro-Wilk and Levene tests at a=.01); for the remainder,
heteroskedastic-robust tests produced materially similar
inferences. Power for the Integrated vs. Text primary contrast
exceeded 0.99 with N=300/group; power for detecting the
Design x Literacy interaction was ~0.78, justifying the total

N.

Interpretation

The simulation indicates that integrated visual-linguistic
infographics  produce large improvements in
comprehension (d=0.9 vs. Text; d=0.5 vs. Pictorial),
moderate-to-large gains in recall, and moderate gains in
behavioral intention. The pictorial-only condition improves
over text-only but remains inferior to integrated designs,
underscoring the importance of anchoring visuals with
minimal, plain-language captions directly adjacent to the

depicted action.

RESULTS

Primary outcome—Comprehension

The omnibus effect of design was significant
(F(2,897)=132.5, p<.001). Pairwise Tukey tests showed
Integrated > Text (mean difference = 2.4, 95% CI 2.1-2.7,
p<.001; d=0.90) and Integrated > Pictorial (A = 1.6, 95% CI
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1.3-1.9, p<.001; d=0.54). Pictorial > Text (A = 0.8, 95% CI
0.5-1.1, p<.001). The Design x Literacy interaction was
significant (F(2,894)=5.6, p=.004), with the Integrated
advantage particularly pronounced for very-low-literacy

participants (A = 2.8 vs. Text).

Secondary outcomes—48-hour recall and intention

For recall, Integrated outperformed Text (A = 2.2, p<.001)
and Pictorial (A = 1.4, p<.001). For intention, Integrated
exceeded Text (A = 1.1 on a 0-5 scale, p<.001) and Pictorial
(A = 0.7, p<.001). Effect sizes were moderate to large
(m>=.093-.228).

Exploratory measures

Time-to-answer decreased by =12% in the Integrated group
relative to Text, suggesting lower cognitive load. Perceived
clarity showed parallel improvements (Integrated mean 4.4/5

vs. Text 3.5/5).

Robustness and sensitivity

Results held under heteroskedastic-robust ANOVA and when
imputing 10% missing recall data under MAR. Worst-case
bounds (assuming missing=lowest decile) attenuated but did

not eliminate the Integrated advantage.

DI1SCUSSION AND PRACTICAL IMPLICATIONS

The simulated patterns align with theory: complementary
visual and verbal channels facilitate encoding and retrieval,
while reducing extraneous search. Pictorial-only materials
help relative to text-only but risk ambiguity without anchor
text. For low-literacy audiences, integration appears

essential.

Design guidance derived from evidence and simulation:

1. Pair every icon with micro-copy (<12 simple
words) placed adjacent to the relevant visual

element.

2. Sequence steps with numbers and arrows; avoid
decorative elements that do not convey meaning.

3. Testicons with target users; revise any symbol with
<85% correct interpretation.

4. Use bilingual panels where relevant; maintain
identical visuals to avoid confounds.

5. Support numeracy with pictographs (icon arrays)
and concrete anchors (“2 spoons = 10 mL”).

6. Ensure accessibility: high contrast, alt-text,
readable fonts (>12—14 pt equivalent), and screen-
reader compatibility for digital versions.

7. Close the loop: incorporate teach-back prompts in

outreach contexts and invite questions.

CONCLUSION

Visual-linguistic integration in health infographics—where
validated icons and plain-language micro-copy are tightly
coupled in a coherent layout—holds strong promise for
improving comprehension, recall, and intended action among
low-literacy populations. Grounded in established cognitive
theories and supported by the presented simulation, integrated
designs consistently outperform text-only and pictorial-only
alternatives. For practitioners, the path forward is clear: co-
design with communities; validate symbol comprehension;
anchor every visual with minimal, meaningful text; and
implement layouts that minimize search effort and highlight
what matters most. For researchers, the proposed
methodology and analysis plan provide a replicable template,
while the simulation establishes plausible effect sizes and
power. As public health messaging increasingly relies on
rapid, scalable communication, investing in evidence-based
integrated infographics can help close persistent
comprehension gaps and improve health outcomes at

population scale.
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