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Numeracy is the ability to understand numerical information. This specific 
ability is critical to comprehending health information as well as weighing 
the risks and benefits of medical treatment options. Numerical information 
is often used in decision aids designed to empower patients in shared deci-
sion-making, especially when they are asked to consent to a medical proce-
dure that involves calculated risks and benefits. Patients may evaluate quan-
titative data such as survival likelihood, treatment success rates, complication 
rates, and comparative procedural statistics, among others. 

However, difficulty in understanding numerical risk information can lead 
to treatment decisions that do not align with patients’ goals. Such a misalign-
ment can possibly lead to a lower level of perceived provider satisfaction. Phy-
sicians and patients both succeed in sharing the decision-making process only 
when patients can fully comprehend the medical information they receive, 
and then apply it to choose the treatment option that is most compatible with 
their personal goals and/or values. 

Numeracy presents a systemic challenge for effective health communica-
tion, especially for many Americans with low numeracy. About “22% of Amer-
icans scored in the lowest 2 levels for quantitative literacy, a performance level 
that corresponds to having the ability to solve only single-operation arithme-
tic problems (e.g., what is the difference in cost between 2 items?)” (Fagerlin 
et al., 2007, p. 672). Furthermore, Lipkus and colleagues (2001) informed 
us that even populations with more formal education reported low numeracy.

Numeracy has received much research attention in health communication, 
medical decision-making, and public health research over the last couple of 
decades. Prior studies found that individuals with low numeracy are less likely 
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to recall risk information presented in pictographs or text (Zikmund-Fisher, 
Smith, Ubel, & Fagerlin, 2007), misinterpret risk information in the health 
context (Sheridan, Pignone, & Lewis, 2003), perceive inaccurately the risk 
of developing cancer (Donelle, Arocha, & Hoffman-Goetz, 2008), under 
utilize cancer screening for early detection (Ciampa, Osborn, Peterson, & 
Rothman, 2010), over estimate mammography’s reduction of the risk of de-
veloping breast cancer (Schwartz, Woloshin, Black, & Welch, 1997), adhere 
to recommended health behaviors among patients living with chronic disease 
(Ciampa et al., 2010), seek health information online to a lesser degree (Ra-
kovski et al., 2012), and report lower patient-provider satisfaction (Ciampa et 
al., 2010). This body of literature clearly documents the detrimental effects 
of low numeracy on health decisions, although these studies conceptualize 
numeracy differently. 

Previous researchers have advanced conceptual definitions for numeracy, 
including a person’s ability to understand risks expressed in numbers, such 
as frequencies, probabilities, and percentages (Lipkus et al. 2001); aptitude 
with ratios, probabilities, and fractions (Fagerlin et al. 2007); and difficulty in 
using numbers in daily life (Ciampa et al. 2010). Framing numeracy as a diffi-
culty may be attributed to the observation that ratio and probability concepts 
are often not intuitive for many individuals (Nelson, Moser, & Han, 2013). 
Golbeck and colleagues (2005) define numeracy as “the degree to which in-
dividuals have the capacity to access, process, interpret, communicate, and act 
on numerical, quantitative, graphical, biostatistical, and probabilistic health 
information needed to make effective health decisions” (p. 375). Morris and 
colleagues (2013) conceptualized numeracy as a dimension of health litera-
cy, while Rakovski and colleagues (2012) suggest that numeracy and health 
literacy are empirically two distinct constructs. Based on existing research, 
we summarize numeracy as the ability to understand numeric or quantitative 
information. For readers interested in a more exhaustive review of numeracy, 
we refer them to Reyna and colleagues (2009). 

Measuring Subjective Numeracy

Measurement of numeracy has followed objective and subjective approaches. 
These approaches both measure the underlying construct of numeracy. The 
objective measure relies on actual mathematical tests, tapping into individu-
als’ abilities to reason with numbers. The objective measure has been validat-
ed and well received (see Lipkus et al., 2001). However, the current chapter 
focuses solely on the Subjective Numeracy Scale (SNS) due to certain advan-
tages over the objective measure. We compare and contrast these advantages 
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in the following sections. Moreover, one should note that the 8-item SNS 
measure (Fagerlin et al., 2007) differs from a number of past studies that 
have ostensibly used subjective numeracy. Some previous studies used two 
items from the Health Information National Trends Survey (e.g., Ciampa 
et al., 2010; Nelson et al., 2013; Smith, Wolf, & Wagner, 2010) to measure 
subjective numeracy. However, 2-item measures prevent tests for structural 
properties using factor analytic approaches; therefore, we limit our discussion 
to the 8-item SNS measure from Fagerlin et al.

The SNS measure has specific advantages to overcome certain challenges 
for practitioners, making it more efficient to administer across populations. 
First, research participants generally do not enjoy taking an aptitude test. 
Validated measures of objective numeracy require actual mathematical cal-
culations. This requirement may induce a negative reaction to the research 
study and/or decrease study completion rates. For longitudinal studies, this 
reaction may also lower the retention rate of voluntary participants. Second, 
when administered through an online survey, researchers have little assurance 
that participants are performing the mathematical calculations without assis-
tance, such as using a computing device, or asking a friend for help. Third, 
when administered through the telephone, the simultaneous tasks of remem-
bering all the components of the question and performing the calculations 
can stimulate cognitive overload, social desirability effects, and perceived de-
mand characteristics, resulting in an inaccurate assessment of telephone par-
ticipants’ numeracy. In response to these challenges, Fagerlin and colleagues 
(2007) developed the SNS to measure numeracy in a more efficient and less 
aversive fashion.

The SNS consists of two dimensions. The first four items are designed to 
measure individuals’ beliefs about their own cognitive ability and skill in per-
forming different mathematical operations, such as fraction and percentage 
calculations. The last four items measure individuals’ general preferences for 
the presentation of numerical and probabilistic information, such as through 
graphs. 

Table 1.  Fagerlin et al.’s Subjective Numeracy Scale.

Cognitive Abilities (1=not at all good, 6=extremely good)

1. How good are you at working with fractions?

2. How good are you at working with percentages?

3. How good are you at calculating at 15% tip?

4. How good are you at figuring out how much a shirt will cost if it is 25% off?
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Preference for Display of Numeric Information

1. When reading the newspaper, how helpful do you find tables and graphs that 
are parts of a story? (1=not at all, 6=extremely)

2. When people tell you about the chance of something happening, do you 
prefer that they use words (“it rarely happens”) or numbers (“there’s a 1% 
chance”?) (1=always prefer words, 6=always prefer numbers)

3. When you hear a weather forecast, do you prefer predictions using percent-
ages (e.g., “there will be a 20% chance of rain today”) or predictions using 
only words (e.g., “there is a small chance of rain today”)? (1=always prefer 
percentages, 6=always prefer words; reverse coded)

4. How often do you find numerical information to be useful? (1=never, 6=very 
often)

SNS’s development and validity may be examined in light of the objective 
measure. The objective measure tested participants’ actual ability to make 
decisions based on numeric assessment (e.g., what is the best risk of getting a 
disease: 1 in 100, 1 in 1000, or 1 in 10?). The SNS measure paralleled the ob-
jective measures without using a numeric assessment. Fagerlin and colleagues 
(2007) found that the SNS correlated significantly with the objective measure 
developed by Lipkus and colleagues (2001) (r = 0.63–0.68). Furthermore, 
the SNS was completed in less time (24 seconds per item v. 31 seconds per 
item, p < 0.05), less stressful (1.62 v. 2.69, p < 0.01) and less frustrating (1.92 
v. 2.88, p < 0.01). More participants (50%) who completed the SNS versus 8% 
who completed the objective scale volunteered to participate in another study 
(Odds Ratio = 11.00, 95% CI = 2.14–56.65).

In terms of validity, SNS has not received a full range of efforts to vali-
date. Specifically, the scale validation and follow up studies appeared to aim 
to establish the SNS’s criterion validity rather than assessing the overall con-
struct validity. Although the SNS has received empirical support in terms of 
its correlation with the objective measure, and it has several distinct advan-
tages for data collection as discussed in the previous paragraph, we briefly 
review SNS’s content, criterion-related, and construct validity (Kerlinger & 
Lee, 1999) in the following paragraphs.

Content validity refers to the extent to which a measure covers the full 
range of the subject matter. The SNS began with 42 items. The final scale 
was reduced to 8-items. Content validity decreases with the number of items; 
still, the final 8 item measure includes questions related to fractions, percent-
ages, hypothetical applications of numeracy (e.g., tipping and discount), and 
preference for numeric information (e.g., “how often do you find numeric in-
formational to be useful”). This wide range generally supports SNS’s content 
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validity, although multiple items per content area would further strengthen 
content validity.

Criterion-related validity is the extent to which a measure compares to 
other variables that assess the same construct. Two subtypes of this validity 
include predictive validity and concurrent validity. Predictive validity refers 
to the ability of the measure to predict an intended outcome. Predictive va-
lidity is often established by deploying longitudinal designs, which has not 
been used with the SNS at the writing of this chapter. In terms of concurrent 
validity, there is evidence in the original validation efforts because of the mea-
sure’s correlation with the objective measure (r = .68). However, data from 
national representative samples in the United States and Germany (Galesic 
& Garcia-Retamero, 2010) did not yield relevant statistics to demonstrate 
isomorphism between the objective and subjective measures. 

Construct validity refers to the extent to which a measure solely assesses 
the underlying construct. The SNS was developed out of criterion-related va-
lidity to approximate objective numeracy; validation efforts have not followed 
traditional rigors of establishing construct validity. Traditional approaches to 
establish construct validity involve (1) confirmatory factor analyses to estab-
lish the structural validity and dimensionality (such as parallelism), (2) test of 
convergence and discrimination with the use of nomothetic networks, (3) or 
multi-trait multi-method approaches. The SNS has limited empirical support 
in construct validity. The original validation study did not provide evidence 
to identify whether the 8-item measure conformed to the internal structure 
of a unidimensional measurement model. At the time of this writing, we are 
unaware of any such analysis that has been conducted. Researchers who apply 
SNS should keep the discussed aspects of validity in mind.

Use of Existing Measures and Future Studies

A number of studies have utilized the SNS since original development, often 
as an individual difference measure for statistical control or as a moderator 
for other variables. One encouraging area of work involved validating the nu-
meracy construct using a Rasch Analysis (Weller et al., 2013). This approach 
to measurement follows Item Response Theory, which involves developing 
question items of varying difficulty, presenting these items to test respondents 
sequentially, and calculating their numeracy based on the difficulty of the final 
test items and their performance. Weller et al.’s (2013) approach resulted in 
a measure that correlated substantially with the objective measure (r = .55), 
and equally with SNS (r = .55). This correlation provides some indirect evi-
dence that SNS may be as useful as objective measures in assessing numeracy, 
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assuming that the Rasch Analysis resulted in the most valid measure of nu-
meracy.

Practically, health care providers should not assume that patients can un-
derstand the statistics and numerical information given to them. In fact, based 
on patients’ numeracy level, providers would be well advised to take addition-
al time to explain the quantitative information related to prescriptions and 
treatments in order to reduce the likelihood of unnecessary future visits due 
to preventable misunderstandings. Furthermore, providers can use different 
versions of a health message with individuals, depending on numeracy levels. 
For example, with low numeracy patients, a provider can use graphical dis-
plays and/or analogies (Galesic & Garcia-Retamero, 2010). By helping pa-
tients of all numeracy levels to make fully informed decisions, effective health 
communication can close the gap in medical interventions that are intended 
to improve the quality of care for patients.
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