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STEP 3: 
QUANTITATIVE UNDERSTANDING

EVALUATE


Gist Comprehension

Mental Workload

User Confidence

Verbatim processing

Which evaluation criteria can we use to assess 
quantitative understanding?

Objective Numeracy

Subjective Numeracy

What are the individual differences in 
numeracy among the target audience?

STEP 1: 
INDIVIDUAL DIFFERENCES IN NUMERACY

MEASURE 


Identify the Gist

Decrease Cognitive Effort 

Support  Evaluative Meaning

Provide Verbatim Detail

How can we design visualizations to support 
quantitative understanding across numeracy levels?

STEP 2: 
GUIDED BY NUMERICAL COGNITION

DESIGN


How is  influenced by both  and ?quantitative understanding numeracy level design choice

Figure 1: A numeracy-informed visualization design process consists of three key steps: (1) MEASURE individual differences in
numeracy, (2) DESIGN guided by numerical cognition, and (3) EVALUATE quantitative understanding. Each step is grounded in
concepts and communication strategies drawn from interdisciplinary research on quantitative understanding.

ABSTRACT

Numeracy—the ability to understand and reason with numbers—is
essential for interpreting and acting on quantitative information, yet
it remains under-addressed in visualization research. In this posi-
tion paper, we argue that numeracy should be a guiding principle
in the design and evaluation of public-facing visualizations. Draw-
ing on cognitive psychology and decision science, we propose a
numeracy-informed design process: (1) measuring individual dif-
ferences in numeracy, (2) designing visualizations that support gist
and verbatim understanding, reduce cognitive effort, and provide
evaluative meaning, and (3) evaluating quantitative comprehension
across numeracy levels. Our goal is to spark a broader conversation
about inclusive visualization practices that reflect numerical diver-
sity and support public understanding of quantitative information.

Index Terms: numeracy, individual differences, general public,
design guidelines, gist, verbatim.

1 INTRODUCTION

Numeracy—an individual’s ability to understand and reason with
numbers—requires greater attention in visualization research. Nu-
meric information is a cornerstone of visualization design, whether
conveyed through visual channels or embedded in textual elements
such as axes, titles, and captions. When designing visualizations
for broad public audiences—such as government budgets on official
websites, medical statistics in public health reports, or climate data
in museum exhibits—the challenge of supporting diverse levels of
numerical understanding is critical. Numeracy varies widely across
the population [30]. In the U.S., three in ten adults are considered
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innumerate, and only one in ten scores at the highest levels [29].
While educational attainment does not guarantee numeracy [37],
high numeracy is disproportionately associated with being male,
younger, more highly educated, and wealthier [35]. These dispar-
ities call into question how well public-facing visualizations serve
the full numeracy range of readers—and underscore the need for
more inclusive visualization practices that bridge the gap between
highly and less numerate individuals.

Individuals with higher numeracy are better equipped to com-
prehend and engage confidently with numerical information [34].
This allows them to make more informed decisions about their well-
being and to form reasoned opinions on societal issues [33]. In con-
trast, individuals with lower numeracy are more susceptible to mis-
leading data presentations and more vulnerable to cognitive biases
such as framing effects and affective heuristics [45, 31]. Research
in cognitive psychology and decision science consistently demon-
strates that people perceive, interpret, and act on numerical infor-
mation in ways that vary significantly by numeracy level. Building
on this insight, researchers have developed evidence-based strate-
gies for numerical communication that aim to bridge the interpreta-
tion gap between highly and less numerate individuals [31, 32]. De-
spite substantial interdisciplinary evidence highlighting the impor-
tance of accounting for numeracy, this perspective remains largely
underexplored in visualization research.

Understanding numerical information in visualizations—
whether conveyed visually or textually—engages multiple levels
of cognitive processing: perception (e.g., recognizing visual
quantities), cognition (e.g., interpreting numerical relations), and
meta-cognition (e.g., confidence in understanding and communi-
cating the information). Yet, the field of visualization has primarily
focused on the perceptual level—for example, by identifying
effective visual channels for quantitative attributes and developing
guidelines based on the accuracy, discriminability, and separability
of these channels [28, 17]. Meanwhile, the influence of individual
differences in numerical cognition (e.g., objective numeracy)
and meta-cognition (e.g., subjective numeracy) has often been
overlooked. This oversight may not have been critical when



Communication
Strategy

Design Guideline Starter Questions for
Practitioners

Cognitive Insight

Identify the
Communication Goal

- Identify and prioritize the core message of the
visualization. Use bold text in titles and reinforce it
using preattentive visual cues.
- Consider users’ prior knowledge needed to interpret
the takeaway, and offer support (e.g., hover
explanations, tutorials).

- What is the key takeaway users should
remember?
- Will users grasp the message even if
they ignore the numbers?
- Do users need prior knowledge to
understand the key message?

People rely on qualitative meaning over
precise numbers to interpret and
remember quantitative information,
especially under cognitive load or with
low numeracy [39, 38].

Provide Numeric
Information

- Include the numerical values that support the key
takeaway.
- Provide additional details on demand to support
transparency and trust for highly numerate users.

- Are numeric values clearly visible?
- Can users compare values
quantitatively without ambiguity?
- Can users easily access more detailed
information?

Numeric information supports analytical
processing, enhances transparency, and
meets the precision needs of highly
numerate users [39, 8].

Decrease Effort - Keep denominators and time spans consistent.
- Use small and familiar magnitudes when possible.
- Align visual encodings with the mental number line.
- Use icon arrays to represent frequencies.
- Present information sequentially to avoid overload.

- Can the information be understood
without doing math?
- Are users familiar with the magnitudes
shown?
- Is the most important data visually
emphasized?

Reducing mental calculations,
minimizing memory load, and aligning
with psychophysical principles like the
mental number line help reduce
interpretation barriers for less numerate
users [31, 17, 6].

Provide Evaluative
Meaning

- Use comparisons to averages, goals, or baselines.
- Use analogies, metaphors, or perspectives for large or
unfamiliar magnitudes.
- Incorporate storytelling and affective visual cues.
- Tailor the design to the audience’s demographics.

- Is it clear whether the numbers are
good, bad, or concerning?
- Can users make meaningful
comparisons between values?
- Is it clear why this information matters
for the audience?

Quantitative data is often affectless and
difficult to interpret without
context [43]. Narrative elements and
affective cues can increase the
motivation of low-numerate users to
engage with information [31].

Table 1: A starter design guide for public-facing visualizations, based on numeracy-informed communication strategies. Each strategy includes
design actions, reflection prompts for practitioners, and cognitive insights grounded in interdisciplinary research.

supporting relatively simple visualization tasks, such as sorting
values or comparing small magnitudes. However, as public-facing
visualizations increasingly aim to communicate more complex
numerical concepts—such as risk, uncertainty, and large or
unfamiliar magnitudes—the cognitive demands on the reader grow,
making it essential to account for differences in numeracy and
expand existing design guidelines.

Acknowledging and measuring individual differences in numer-
acy is a necessary first step toward narrowing the interpretation gap
between highly and less numerate readers of public-facing visu-
alizations. In this position paper, we take the conversation fur-
ther—advocating for numeracy to be treated not merely as a user
trait, but as a guiding principle in visualization design and evalu-
ation. In the following sections, we introduce key concepts and
measures of numeracy and propose a numeracy-informed design
process (Figure 1) grounded in evidence-based numerical commu-
nication strategies [32, 31]. To support practical application, we
present a numeracy-informed design guide (Table 1) that translates
theory into actionable questions and recommendations for improv-
ing quantitative understanding. We hope the proposed visualization
design process and guidelines serve as both a resource for public
visual communicators and a foundation for raising new questions
and shaping future research directions.

2 UNDERSTANDING NUMERACY

Numeracy is more than just mathematical ability; the Organization
for Economic Cooperation and Development (OECD) defines it as
“the ability to access, use, interpret and communicate mathematical
information and ideas in order to engage in and manage the math-
ematical demands of a range of situations in adult life [30].” This
information may appear as exact numbers (e.g., frequencies, per-
centages, monetary values, trends), mathematical operations (e.g.,
subtraction, division), or descriptive terms (e.g., “few,” “higher,”
“monthly,” “associated”) [31]. While numerical data are objectively
defined, their interpretation is inherently subjective, shaped by how
the information is presented and framed, and further influenced by
individual abilities, experiences, and beliefs. A substantial body
of interdisciplinary research explores how individuals perceive, in-
terpret, and apply numerical information. In this context, we in-
troduce four foundational concepts that can inform the design of

communicative visualizations: Intuitive number sense, Fuzzy-Trace
Theory, Objective numeracy, and Subjective numeracy.

Intuitive number sense, also known as the approximate number
system (ANS), refers to an evolutionarily ancient ability to perceive
and compare quantities—whether in terms of discrete object counts
or continuous magnitudes—without relying on counting or calcu-
lation [25]. This system supports fast, imprecise estimations and
is linked to how humans spatially represent numbers. Although
the ANS enables ordering of quantities, our perception of magni-
tude is subject to several psychophysical distortions [39]. For in-
stance, we tend to perceive small magnitudes linearly, but as mag-
nitudes increase, perceived differences depend more on ratios than
on absolute values [16, 22]. Discriminability also decreases with
larger magnitudes. For example, the difference between 0 and 500
is perceived as greater than the same objective difference between
500,000 and 500,500 [39]. These psychophysical patterns suggest
that people do not perceive raw physical quantities directly, but in-
stead translate them into mental representations of magnitude that
are shaped by context. However, numeracy relies not only on an in-
tuitive sense of number but also on judgment and decision-making
processes, as explored in behavioral economics and cognitive psy-
chology through theories such as Fuzzy-Trace Theory.

Fuzzy-Trace Theory explains that individuals form two types
of mental representations of numerical information: verbatim and
gist [39]. Verbatim representations capture the exact, surface-level
details—such as specific numbers or exact phrases—without neces-
sarily embedding meaning. In contrast, gist representations are im-
precise but meaningful interpretations that distill the essential qual-
itative content of information (e.g., “some versus none” or “more
versus less”). Gist representations are more likely to be retained
in long-term memory and transferred to new contexts. According
to this theory, people tend to rely more on gist than on verbatim
when making judgments or decisions. This reliance affects quanti-
tative understanding because it highlights how people infer mean-
ing rather than merely recall data [38]. Importantly, the ability to
extract and apply gist varies with numeracy levels, both objective
and subjective, discussed in the next paragraphs.

Objective numeracy refers to formal mathematical skills typi-
cally acquired through education. These skills range from perform-
ing basic arithmetic operations with whole numbers (Level 0, based



on the OECD proficiency levels [29]) to reasoning about abstract
and unfamiliar concepts, such as statistical inference and mathe-
matical formulas (Level 5, based on the OECD proficiency lev-
els [29]). Various standardized self-assessed tests have been de-
veloped to measure objective numeracy, often tailored to specific
contexts such as statistical reasoning [26], risk assessment [12], or
health numeracy [41]. The choice of test depends on the charac-
teristics of the target population and the type of quantitative infor-
mation involved. Among the most widely used measures are the
Lipkus Numeracy Scale (low difficulty) [26] and the Berlin Nu-
meracy Test (high difficulty) [12], both of which are designed to
assess statistical reasoning.

Subjective numeracy refers to an individual’s confidence in
their ability to understand mathematical concepts and their pref-
erence for engaging with numerical information [45]. While it is
informed by objective numeracy, it is metacognitive and therefore
vulnerable to self-assessment biases [39]. These include the Dun-
ning–Kruger effect, where individuals with lower numerical skill
overestimate their competence, as well as internalized ethnic or
gender stereotypes that affect self-perception. Subjective numer-
acy is also linked to related constructs such as mathematical anx-
iety. These metacognitive aspects are crucial, as even individuals
with high numerical ability may struggle to apply their skills ef-
fectively without sufficient confidence [36]. Subjective numeracy
measures [45, 27] offer a proxy for objective numeracy: they are
easy to administer and moderately correlated with objective ability.

Together, these concepts highlight the complex and multidimen-
sional nature of quantitative understanding. They demonstrate that
by just using “expressive” and “effective” visual channels for quan-
titative data attributes—while necessary according to established
visualization guidelines rooted in principles of the ANS—is not
sufficient for designing effective visualizations that communicate
quantitative information. Numerical reasoning depends on how
people perceive numbers in context, as well as how they interpret
them based on their abilities, biases, and confidence in their un-
derstanding. People engage with numbers through both precise,
literal representations and imprecise but meaningful gist interpreta-
tions, each of which plays a vital role in quantitative understanding,
memory, and decision-making. Moreover, individual differences in
numerical ability and confidence critically shape how information
is interpreted, thereby influencing the effectiveness of communica-
tion strategies. To support meaningful engagement with numerical
information, visualizations must therefore draw upon psychophysi-
cal principles of numerical perception, promote both accurate inter-
pretation and meaningful gist extraction, and accommodate diverse
numeracy levels.

3 A NUMERACY-INFORMED DESIGN PROCESS

In this section, we present a numeracy-informed visualization de-
sign process (Figure 1)—grounded in interdisciplinary research
on numerical communication—to guide future efforts in designing
public-facing visualizations that more effectively support quanti-
tative understanding. While visualization research has addressed
elements of this process individually—such as accounting for in-
dividual differences in numeracy [2, 23, 5], reducing cognitive
load [9, 3, 1], or advocating for narrative and affective mean-
ing [42, 21, 24]—to our knowledge, no existing work systemati-
cally integrates all three steps we propose: measuring numeracy,
designing with a focus on numerical cognition, and evaluating
quantitative understanding. We view these individual studies as
foundational pieces of a larger puzzle, one that can help clarify the
role of numeracy in visualization, inform how to design for varying
numeracy levels, and establish how to assess the effectiveness of vi-
sualizations across audiences. The design process we present is pri-
marily intended for visualization researchers conducting empirical
studies with the general public. However, visualization designers

who do not conduct experiments may still benefit from acknowl-
edging numeracy differences in the target population and from the
subsection Step 2: Design Guided by Numerical Cognition, which
offers practical strategies that can serve as design guidelines for ef-
fectively communicating quantitative information (Table 1).

3.1 Step 1: Measure Numeracy

The first essential step in a numeracy-informed visualization de-
sign process is to account for individual differences in numeracy,
particularly when evaluating the effectiveness of different visual-
izations or examining the influence of cognitive biases on sense-
making and decision-making. Research has shown that individ-
uals with low numeracy are more susceptible to cognitive biases
and more influenced by narratives and emotional content [45, 31].
In contrast, highly numerate individuals are typically less sensi-
tive to presentation formats and can more readily translate num-
bers into meaningful interpretations [34, 33]. Failing to measure
numeracy levels risks obscuring important differences in how vi-
sualizations are perceived and understood. This can lead to find-
ings whose validity across numeracy groups is unknown, poten-
tially resulting in misleading design recommendations that serve
only a subset of the population. To avoid this, it is crucial
to incorporate numeracy measures into study designs . Further re-
search is needed to understand when design interventions, embel-
lishments, or interaction help enhance numerical reasoning across
the board, and when they instead widen gaps by primarily benefit-
ing the highly numerate.

Ideally, researchers should assess both objective and subjective
numeracy [13]. However, both approaches come with limita-
tions. Peters notes that as objective numeracy tests become more
widely used, participants—especially in online studies—may al-
ready know the answers or search for them during the experi-
ment [31]. To mitigate these concerns, researchers are advised to
clearly instruct participants not to look up answers or use calcu-
lators and to report if they do [31]. Many objective tests are also
domain-specific, limiting their applicability across different con-
texts and populations. Additionally, objective tests can increase
study length and participant fatigue, particularly in crowdsourced
experiments. To address these challenges, some researchers turn to
subjective numeracy measures [45, 27], which are quicker to ad-
minister and have been shown to correlate moderately with objec-
tive numeracy. While not without caveats (as discussed in the previ-
ous section), subjective measures offer a practical way to integrate
numeracy into visualization studies. Still, more research is needed
to determine the optimal use of both objective and subjective as-
sessments across different experimental setups, participant pools,
and visualization goals.

3.2 Step 2: Design Guided by Numerical Cognition

The second step in a numeracy-informed visualization design pro-
cess is to guide design decisions using principles from numerical
cognition and insights from numeracy research. The guidelines we
present are adapted from established strategies for communicating
numerical information, grounded in findings from cognitive psy-
chology, decision science, and science communication [32]. We
build on the taxonomy proposed by Peters [31], tailoring each strat-
egy to the context of visualization design. As noted earlier, these
guidelines are not new to the visualization domain—many are al-
ready reflected in existing studies and design practices [24, 17].
However, our goal is to prompt critical reflection: What might cur-
rent visualization guidelines be overlooking when it comes to effec-
tively communicating numbers? And how might they be enriched
by adopting an interdisciplinary, numeracy-informed perspective?



3.2.1 Identify the Goal of Communication or “The Gist”

A numeracy-informed visualization design process begins with
clearly identifying the communication goal, or the gist—the
bottom-line meaning the audience should take away. Rather
than letting arbitrary rules about how data should be objectively
displayed dictate design decisions, cognitive psychologists argue
that the gist should shape the visualization, not the other way
around [39]. Prioritizing the qualitative message —what the
numbers mean and why they matter—can prevent visualizations
from obscuring meaningful differences or overemphasizing trivial
ones. When visualizations are designed to convey this core
meaning, rather than merely displaying precise values, the result
could be more accessible, interpretable, and actionable. This shift
in focus moves the goal of communication beyond correcting
biases, toward fostering a deeper connection between the data
and the real-world values or decisions it informs. The gist can
be conveyed both verbally, through the title or caption of the
visualization, and visually, through cues that reinforce the intended
message. As Fischhoff notes [15], communicators must also
consider what people already know, what they do not know, and
what they need to know to make informed decisions. Acknowl-

edging these dimensions early in the design process helps guide
critical decisions, such as the choice of visualization idiom, the use
of interaction, the presence of explanatory text, or the inclusion
of tutorials. Neglecting users’ prior knowledge or numeracy
levels risks misinterpretation and cognitive overload. Throughout
the design process, communicators should continually reflect on
whether their choices remain aligned with the original goal and the
audience’s interpretive needs.

3.2.2 Provide Numeric Information or “The Verbatim”

While designing for gist ensures that audiences grasp the essen-
tial meaning of quantitative information, this does not diminish the
importance of also presenting precise numerical values : the ver-
batim. As Reyna and Brainerd [39] emphasize, both verbatim and
gist representations are encoded in parallel and serve complemen-
tary roles in reasoning and decision-making. Verbatim informa-
tion supports analytical processing, enhances transparency, and ac-
commodates users with higher numeracy who rely on numerical
precision. Including exact numbers could foster trust by signaling
openness and allowing verification, which is particularly important
in public contexts where perceived bias or oversimplification can
erode credibility [14]. Empirical studies further support the value
of presenting numeric information. For example, supplementing
qualitative labels like “low chance” with numerical ranges has been
shown to improve public understanding and alignment with expert
guidelines, such as those issued by the IPCC [8]. Similarly, indi-
viduals—regardless of numeracy level—made more accurate risk
estimates and better-informed decisions when provided with nu-
meric data rather than non-numeric descriptors [33]. In visualiza-
tion, combining categorical or ordinal gist cues (e.g., annotations or
labels) with precise numerical data enables users to engage at their
preferred cognitive level. Providing precise numbers is especially
important when dealing with large or unfamiliar quantities where
established reference points are often missing (see section 3.2.4).
For example, the public may struggle to interpret figures related to
government budgets or carbon footprints without a prior sense of
scale. In such contexts, meaningful gist extraction becomes diffi-
cult. Studies show that individuals frequently overestimate or un-
derestimate the carbon emissions of everyday actions, and this mis-
judgment is more strongly correlated with numeracy than with po-
litical or environmental values [44]. Consistent exposure to specific
numerical values over time could foster a more calibrated quantita-
tive understanding of different scales, supporting public numeracy.

3.2.3 Decrease Cognitive Effort
Even when both gist and verbatim representations are addressed,
numerical communication can still fall short—particularly when
it imposes excessive cognitive demands or conflicts with the
psychophysical principles of numerical perception. Reduc-
ing cognitive effort involves simplifying numerical content and
minimizing the mental computations required . For example, com-

municators should favor absolute over relative risks: stating that a
risk increases from 0.01% to 0.02% conveys far more meaningful
context than saying it “doubles,” which could equally apply to a
shift from 30% to 60%. Similarly, keeping denominators and time
spans consistent (e.g., comparing 5 out of 100 to 25 out of 100 is
easier than comparing 1 out of 20 to 1 out of 4) avoids the need
for mental conversions, supporting magnitude understanding, es-
pecially for less numerate individuals. A visualization example is
the use of icon arrays to represent frequencies; this imaginary visual
approach supports proportion comparisons and reduces the need for
mental computation [19]. To prevent magnitude neglect, large val-
ues should be framed in more relatable terms, and smaller magni-
tudes should be used to enhance discriminability—for example, by
presenting budgetary data per capita instead of total amounts [7].

Cognitive effort can also be reduced through structural strategies,
such as presenting information sequentially . The visualization do-
main offers rich insights into how design can reduce cognitive load
and guide attention. Franconeri et al. [17] emphasize that effective
visualization design must respect the limits of visual working mem-
ory and attentional control, which are core bottlenecks in human in-
formation processing. Designs that overwhelm users with dense or
comparison-heavy content can easily exceed these cognitive limits,
especially for individuals with lower numeracy. Furthermore, vi-
sualization designs that align with the mental number line can re-
duce perceived effort and increase confidence in quantitative esti-
mations across numeracy levels [6]. For instance, piecewise-linear
bar charts—designed to reflect how people mentally represent large
magnitudes [22]—facilitate quantitative comparisons more effec-
tively than dominant formats like logarithmic scales [5, 6], which
are often difficult for the general public to interpret [11, 40] and typ-
ically favored by highly numerate individuals [6]. Together, these
principles can reduce cognitive load and enhance the communica-
tive power of public-facing visualizations. However, future studies
should investigate whether these strategies are equally beneficial
across numeracy levels or whether they may hinder understanding,
engagement, or trust for some segments of the population.

3.2.4 Provide Evaluative Meaning
The final, essential ingredient in truly making numbers count in
public-facing visualizations is providing evaluative meaning—what
a number implies, whether it is desirable or concerning, and why
it matters in context. Numbers, particularly large or unfamiliar
ones, are often affectless and difficult to interpret without addi-
tional framing [32]. As Thaler’s theory of mental accounting ex-
plains, people interpret values not in isolation but relative to in-
ternal reference points [43]. These frames help assess whether
an outcome represents a gain or loss, good or bad. Comparative
reference points —such as national averages, policy goals, or per-

sonal baselines—can transform abstract quantities into meaningful
evaluations. For instance, stating that a specific French citizen emits
3 tonnes of carbon annually is not inherently informative unless it
is contextualized against benchmarks like the national average (4
tonnes) or the Paris Agreement’s recommended limit (2 tonnes).
Such comparisons help readers situate the number within a mean-
ingful frame, making it easier to understand, evaluate, and act upon.

Visual analogies, metaphors, and perspectives are also crucial
tools for providing evaluative meaning. Barrio et al. [4] demon-
strated that using “perspective sentences”—for example, “300 mil-
lion firearms is about one per person in the United States”—can en-



hance people’s comprehension of unfamiliar numbers, aiding mem-
ory, estimation, and error detection. Galesic and Garcia-Retamero
similarly found that presenting the consequences of risky behaviors
in terms of months of life lost or gained improved recall more ef-
fectively than expressing the same information in terms of disease
likelihood [18]. These analogies proved especially helpful across
numeracy levels: they benefited high-numeracy participants when
problems were difficult and low-numeracy participants when prob-
lems were easier [19]. Narrative framing and affective cues also
shape interpretation, particularly for less numerate individuals, who
appear to better engage with and understand quantitative informa-
tion when storytelling and emotional resonance are involved. Fur-
thermore, tailoring evaluative cues to specific communities or de-
mographic groups can enhance perceived relevance and boost mo-
tivation. As Peters notes, numeracy differences are less likely to af-
fect understanding when motivation is high and when comparisons
are concrete and easily evaluated [31].

These techniques are not unfamiliar within the visualization
community. For example, Chevalier et al. [10] explored how un-
familiar magnitudes can be grounded using concrete scales, such
as visualizing sugar content with unit-based sugar cubes. The field
also boasts a rich body of literature on storytelling, user engage-
ment, and the role of affect [42, 24]. However, it remains unclear
whether these techniques are effective across numeracy levels or
whether they meaningfully improve quantitative understanding for
less numerate individuals. Based on findings from other fields, one
might hypothesize that evaluative meaning based on comparisons
would benefit the highly numerate more, while narrative and more
imaginable formats would help the less numerate. However, fur-
ther research is needed to examine the specific impacts of various
evaluative strategies on audiences with different numeracy levels.

3.3 Step 3: Evaluate quantitative understanding

The final step in a numeracy-informed visualization design process
is to evaluate whether a visualization effectively enhances quan-
titative understanding across different levels of numeracy. Tradi-
tional evaluation metrics, such as task completion time or error
rates, can capture aspects of verbatim processing or comparative
cognitive effort between visualization types. However, they often
fall short in assessing whether users truly grasp the intended mes-
sage. Gist comprehension , which is critical for meaningful quanti-
tative understanding, may require complementary qualitative meth-
ods such as open-ended summaries, recall tasks, or scenario-based
activities in which participants must use numerical data to solve
real-world problems. These approaches can reveal which designs
support interpretive insight, rather than mere information retrieval.

To understand how visualization design interacts with cog-
nitive effort—an important barrier for individuals with lower
numeracy—it is essential to assess both subjective and objec-
tive indicators of mental workload . Self-report tools, such as the
NASA-TLX [20] or subjective cognitive load ratings grounded in
Cognitive Load Theory [9], can provide insight into perceived ef-
fort. Objective measures, such as eye-tracking, pupillometry, or
electroencephalography, can offer complementary physiological in-
dicators of cognitive load. These metrics are particularly valuable
if interpreted alongside individual differences in numeracy. This
multidimensional approach could help clarify how visualizations
perform across cognitive and numeracy profiles and could identify
design guidelines that reduce effort for low-numeracy users without
compromising the experience for highly numerate audiences.

Equally important is accounting for user confidence , a critical
but often overlooked factor in numerical interpretation. Confidence
influences whether individuals act on their understanding; even ac-
curate interpretations may fail to lead to insight or decision-making
if confidence is low [39, 36]. Confidence should be evaluated along-
side cognitive load and numeracy, as it shapes how effortful under-

standing translates into action and potentially into trust. Ultimately,
a multidimensional evaluation approach can identify which visual-
ization strategies most effectively support inclusive and meaningful
quantitative understanding. Further research is needed to develop
robust evaluation protocols that advance this goal.

4 CONCLUSION

As visualization researchers and designers, we are increasingly
called upon to make numbers meaningful for the public; yet we
often overlook the very factor that determines whether people will
understand them: numeracy. In this position paper, we argue that
numeracy should not be treated merely as an individual difference
in user studies, but as a central principle guiding both design and
evaluation. Drawing on interdisciplinary research, we propose a
three-stage design process—measure, design, and evaluate—that
could support the creation of more inclusive and effective commu-
nicative visualizations. This design process calls for a shift in mind-
set: from designing for an “average” user to recognizing differences
in numeracy; from optimizing perceptual precision to supporting
meaningful gist; and from evaluating performance in isolation to
assessing interpretive insight, cognitive effort, and user confidence.
Our aim is not to prescribe definitive solutions for how best to mea-
sure, design, or evaluate, but rather to highlight the pivotal role of
numeracy, to connect our field with insights from other domains,
and to propose an initial set of guidelines informed by this perspec-
tive. Most importantly, we hope to raise questions and invite the
visualization community to more fully integrate numeracy into its
research agenda.
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