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ABSTRACT - The Numeracy Scale (Lipkus, Samsa, & Rimer, 2001) is a measure of numerical
fluency that has garnered considerable attention in medical decision making. Numeracy is an
individual difference with potential to have important implications for contexts such as financial
decision-making, vocational assessment, and employee selection. Curiously, there is no published
study of the relation between scores on the Numeracy Scale and scores on a measure of general
mental ability (GMA), a critical information to establishing numeracy as its own construct,
distinct from cognitive ability. The Numeracy Scale and the Wonderlic Personnel Test were
administered to a sample of (N=200) undergraduates, who also completed measures of cognitive
style and personality traits. Although the Numeracy Scale is positively correlated with GMA, the
size of the correlation suggests that the measures are, indeed, tapping different constructs. Results
indicated that numeracy had a positive relationship with rationality, and negative relationships
with extraversion and neuroticism.

Numeracy, sometimes used interchangeably with “numerical ability,” has
traditionally been a focus of mathematics education.® Early numeracy measures were
essentially math tests used for descriptive purposes (i.e., to describe people in terms of
their math ability). In the last ten years, numeracy research has focused on how patients
use and understand health-related information to make critical treatment decisions (e.g.,
Peters, Dieckmann, Dixon, Hibbard, & Mertz, 2007; Schwartz, Woloshin, Black, &
Welch, 1997; Schwartz, Woloshin, & Welch, 2005). This work conceptualizes numeracy
more broadly than did initial uses of numeracy in math education; recent research defines
numeracy as the ability to understand and employ basic numerical and probability
information (Peters, Vastfjall, Slovic, Mertz, Mazzocco, & Dickert, 2006).

Numeracy is of obvious relevance to individual difference researchers, as the
assessment of numeracy as an individual difference allows one to focus specifically on
the understanding and use of numerical information in practice. In the health and medical
literature, making decisions using numerical information could mean the difference
between life and death. In financial investments, understanding numerical information
could determine whether or not a person survives the stock market crash. In the
workplace, numeracy could be a determinant of career success. Previous research has
found that less numerate people chose lower quality hospitals (Peters, et al., 2007) and
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tend to overestimate their chances of dying from cancer than highly numerate people
(Black, Nease, & Tostesen, 1995). Despite the importance numeracy may have on life
outcomes, researchers still understand little about the nomological network of numeracy.
In order for numeracy to be a useful construct, a measure of numeracy should assess
more than general intelligence. Further, such a measure of numeracy should assess more
than cognitive style. The better we understand numeracy in the context of typical
individual difference variables, including personality traits, the more we can begin to
understand the psychological processes underlying numeracy and its meaning to other
fields of study.

Intense academic and professional interest in the numeracy construct has resulted in
the development of a measure—the Numeracy Scale-which has been used to test
inferential questions about the relation of numeracy with other variables (Lipkus, Samsa
& Rimer, 2001). Although this is the dominant numeracy measure in the decision-making
literature, there has been relatively little systematic examination of the validity of
inferences from scores on the measure. In particular, there is a dearth of evidence that the
Numeracy Scale measures a construct distinct from general mental ability (GMA), a
central construct in individual differences research. Although the numeracy construct has
relevance to many contexts such as medical decision-making and cognitive development,
if it is nothing more than a manifestation of the general intelligence factor “g” common to
scores of all intelligence tests, then it is fruitless to study it as a unique psychological
construct.

We set out to gain a better understanding of the numeracy construct and its
measurement by investigating correlates of the Numeracy Scale. We consider the scale’s
relation with variables that are conceptually similar to, but distinct from, numeracy —
most notably, we address the relation between the Numeracy Scale and an accepted
measure of GMA.

The Numeracy Scale (Lipkus, Samsa, & Rimus, 2001)

Although numeracy is relevant to a wide range of domains, it has been applied to
relatively few (i.e., mathematics education and medical decision making). Even these
areas have focused on different aspects of numeracy, relied on different definitions, and
used different measures (e.g., Fagerlin, Zikmund-Fisher, Ubel, Jankovic, Derry, & Smith,
2007; Golbeck, Ahlers-Schmidt, Paschal, & Dismuke, 2005; Hitch, 1978; Viswanathan,
1993). A discussion of all the meanings and uses of numeracy is beyond the scope of this
paper; we focus on ability-based” measurement of numeracy as assessed by the
Numeracy Scale (Lipkus, et al, 2001).

The Numeracy Scale began as a three-item measure (Schwarz, et al., 1997), and was
expanded in 2001 to include eight additional items® (Lipkus, et al., 2001). A majority of
studies assessing numeracy in the context of decision making used some version of the
Lipkus and associates” measure (e.g., Gurmankin, Baron, & Armstrong, 2004; Lipkus, et
al., 2001; Peters, et al., 2006; Peters, et al., 2007; Schwarz, et al., 1997). Many of these
studies looked at the relation between the Numeracy Scale and risk comprehension (e.g.,
Davids, Schapira, McAuliffe, & Nattinger, 2004; Lipkus, et al., 2001; Peters, et al., 2006;
Peters, et al., 2007; Schwarz, et al., 2005). These studies suggested that a substantial
subset of the population lacks sufficient numeracy to make treatment and other medical
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decisions that involve consideration of probabilities. Although these studies focused on
personal, health-related decisions, it is reasonable to imagine that the same low-numeracy
subset of the population would struggle to make personal-finance and work-related
decisions that involve probabilities and numerical information.

Past research has offered little information on the relation of numeracy to other
constructs. In the health numeracy literature, researchers were interested in examining the
relation between numeracy and patients’ comprehension of medical information
presented to them. For example, Schwartz and colleagues found that higher numeracy
scores were related to more accurate risk perceptions (Schwartz, et al., 1997) and better
medical data interpretation skills (Schwartz, et al., 2005). Peters and colleagues examined
the relationship between numeracy and decision-making tasks (Peters, et al., 2006). They
found stronger framing effects for less numerate people compared to highly numerate
people.

Potential Correlates of Numeracy

General mental ability. General mental ability (GMA) is the ability in individuals to
understand complex ideas, to adapt effectively to the environment, to learn from
experience, and to engage in various forms of reasoning (Perloff, Sternberg, & Urbina,
1996). Given that numeracy taps people’s understanding of probabilistic information, we
expect GMA to be positively related to numeracy. Establishing numeracy as a construct
distinct from general mental ability, however, is necessary to show that the Numeracy
Scale is not merely an alternative measure of “g.” Although a previous study purported to
examine the relationship between GMA and numeracy, it used SAT scores as a proxy for
GMA (Peters, et al., 2006). The current study is the first to look at the relation between
the Numeracy Scale (Lipkus, et al., 2001) and an established measure of GMA.

Cognitive style.  Epstein’s (1994) Cognitive-Experiential Self-Theory (CEST)
suggested that there are two cognitive styles — rational and experiential. Rationality
involves a step-by-step, conscious, logically-defensible process, whereas experientiality
produces an answer, solution, or idea without the use of a conscious, logically-defensible
process. The correlation between rationality and experientiality is non-significant and
previous exploratory factor analyses yielded a two-factor solution (Rationality and
Experientiality), suggesting that the two types of cognitive style might have different
relationships with numeracy (Pacini & Epstein, 1999). Performing basic mathematical
computations, and understanding and using numbers effectively would seem to require
logical, reason-based processing, consistent with a rational cognitive style. Thus, we
expected that numeracy would be positively related to rational cognitive style. We
expected numeracy and experiential cognitive style to be unrelated.

Personality traits. Finally, we were interested in exploring the relation between
personality traits and numeracy, because of the prevalence of personality in the
psychological literature. We used the Five-Factor Model to describe personality:
Extraversion, Conscientiousness, Agreeableness, Neuroticism, and Openness to
Experience (e.g., McCrae & Costa, 1987). As yet, there are no studies to inform how
numeracy would relate to personality dimensions. Although one could conjecture various
relations between numeracy and Big-Five traits, there is no strong theoretical basis for
making predictions. As such, this portion of the study was exploratory.
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Current Study

This paper adds to existing research on numeracy in two meaningful ways. First, we
present additional evidence on the psychometric properties of the Numeracy Scale.
Second, we provide information on correlates of numeracy useful to evaluating its
viability as a distinctive construct; most notably, we examine the distinctiveness of
numeracy from GMA.

Method

Participants and Procedure

Participants (58.2 % females, 41.8 % males) were introductory psychology students
(N=200) between 18 and 35 years of age, with a mean age of 20 (SD = 1.75). The
majority were Caucasian (74.5%), 15.5% were African American, and the remaining
10% describing themselves as belonging to Asian American (2%), Hispanic American
(4%), or “Other” (4%) designations. Experimenters proctored the timed Wonderlic first,
and then asked participants to complete the remaining measures and demographic
variables at their own pace.

Measures

Numeracy. The Numeracy Scale (Lipkus, et al., 2001) is an 11-item scale that
requires conversions between proportions, percentages, and decimals, as well as
computations of, and understanding of, probability. Items include: a) “Imagine that we
roll a fair, six sided die 1,000 times. Out of 1,000 rolls, how many times do you think the
die would come up even (2, 4, or 6)?”, and b) “If the chance of getting a disease is 20 out
of 100, this would be the same as having a ___ % chance of getting the disease”.
Numeracy scores were calculated by giving 1 point for each correct answer provided, and
summing all the points given. Numeracy scores could range from 0 to 11 points.

Wonderlic Personnel Test. The Wonderlic Personnel Test (Wonderlic, 2002) is a
timed, 50-item, paper-and-pencil test that assesses cognitive ability. The item content
includes analogies, number series, and analyses of geometric figures. People have twelve
minutes to complete the items, which increase in difficulty from the first to the fiftieth.
Similar to the Numeracy scale, scores on the Wonderlic are calculated by summing the
points for all correct answers. Wonderlic scores could range from 0 to 50 points. The test-
retest reliabilities of the Wonderlic Personnel Test ranged from .82 to .94 (Wonderlic,
2002).

REI. The 40-item Rational-Experiential Inventory (REI) has 20 items measuring
rational and 20 items measuring experiential cognitive styles (Pacini & Epstein, 1999).
The two factors are treated as separate continua, such that one could be both high on
Rationality and high on Experientiality. Participants respond on a Likert-type scale
ranging from 1 (definitely not true) to 5 (definitely true). The subscales have high
reliabilities (Rationality, o = .90; Experientiality, a = .87; Pacini & Epstein, 1999). A
sample item measuring Rationality is: “l enjoy solving problems that require hard
thinking”; and a sample item measuring Experientiality is: “Intuition can be a very useful
way to solve problems”. Overall Rationality and Experientiality scores were obtained by
summing the respective subscales.
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Mini-IPIP. The 20-item, Mini-International Personality Item Pool (Mini-IPIP;
Donnellan, Oswald, Baird, & Lucas, 2006) is a short form of the 50-item International
Personality Item Pool (IPIP, Goldberg, 1999) measure. The Mini-IPIP uses four items to
assess each of the Big Five personality traits: Agreeableness (e.g., | sympathize with
others’ feelings), Conscientiousness (e.g., | get chores done right away), Extraversion
(e.g., I am the life of the party), Intellect (e.g., | have a vivid imagination), and
Neuroticism (e.g., | get upset easily). The subscales show acceptable internal consistency
levels across five studies (a at or well above .60; Donnellen et al., 2006).

Results

Scale Properties

Numeracy. Overall, our findings related to the scale properties of the Numeracy Scale
are consistent with those of researchers who have used this scale (or a derivative of it) in
past research (e.g., Lipkus, et al., 2001; Peters, et al., 2006; Peters, et al., 2007).
Coefficient alpha for the Numeracy Scale in this study was .74, indicating acceptable
internal consistency. Scores of those who completed the measure ranged from 0 to 11.
The mean numeracy score was 7.76 (SD=2.38), with median and modal scores of 8. Past
researchers who have used this scale have reported the percentage of correct answers for
each item; these percentages are consistent across studies. Our data yielded similar
percentages. We conducted a t-test to see if people differed in numeracy based on sex.
We found that men had significantly higher numeracy scores (M=8.76; SD=1.98) than
did women (M=7.15; SD=2.31), t(186)=5.13, p<.01. We were unable to test the
difference between different races, because our sample was too homogenous with regard
to race.

Wonderlic Personnel Test. Scores ranged from 10 to 41 on the Wonderlic, with a
mean of 25.80 (SD=5.90). Because it is inappropriate to calculate internal consistency for
speeded tests (Anastasi, 1968), we do not report alpha for the Wonderlic in Table 1.

Table 1

Correlation Table of the Variables of Interest With Scale Alphas on the Diagonal
Numeracy Wonderlic Rationality Experien Agreeable Conscien  Extraver Intellect Neurotic  Age

Numeracy 74

Wonderlic ALx* --

Rationality 23%* .04 a7

Experien .03 .05 01 .88

Agreeable -11 -.14* -.05 26** .58

Conscien -.03 -18** .08 -.08 24%* 71

Extraver -22%* -.04 -10 21%* 18** -01 .79

Intellect -14 -.01 18* .08 21%* .01 .07 62

Neurotic -19%* -.04 -.02 -01 .01 .07 -.09 -.03 .62
Age 16* .09 19* -11 -17* -01 -.15* -.09 14

Note: Numbers on the diagonal are scale alpha values ** Correlation is significant at the 0.01 level
(2-tailed) * Correlation is significant at the 0.05 level (2-tailed)

REI. Coefficient alphas for the rationality and experientiality subscales of the REI
were .77 and .88, respectively. Rationality scores ranged from 1.80 to 4.60 out of 5.00,
with a mean of 3.37 (SD=.45). Experientality scores ranged from 1.55 to 5.00, with a
mean of 3.46 (SD=.53). Consistent with the CEST assumption that the two modes of
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thinking are independent (Epstein, 1994; Epstein et al., 1996), the Rationality and
Experientiality scales have a nonsignificant correlation (r = .01, n.s.). Further, factor
analysis using maximum likelihood extraction with Oblimin rotation was conducted. The
results show that two factors were extracted, accounting for 29.26% of the variances in
the data. The factor loadings of the rotated matrix show that most of the Rationality items
loaded on the first factor while most of the Experientiality items loaded on the second
factor.

Mini-IPIP. Coefficient alpha reliabilities on the personality subscales ranged from .56
to .77, similar to results found in previous work (e.g., Donnellan, et al., 2006): Each
subscale alpha is reported on the diagonal of the correlation table (see Table 1). Subscale
scores ranged from 1 to 5, with the exception of agreeableness scores, which ranged from
1to4.

Correlations with Numeracy

GMA, rationality, extraversion, neuroticism, and age were significantly correlated
with numeracy (see Table 1 for correlations of all study variables). Of these correlations,
the strongest was between The Numeracy Scale and the Wonderlic (r=.41). Numeracy
also had a significant positive relation with rationality (r=.23) and age (r=.16). Numeracy
had a significant negative correlation with extraversion (r=-.22) and neuroticism (r=-.19).
The remaining variables were not significantly related to numeracy. Examining the
pattern of correlations for each of these variables is another step toward establishing
whether numeracy and GMA are distinctive constructs. The pattern of correlations for the
Numeracy Scale was different from the pattern for the Wonderlic. It is notable that
numeracy was related to rationality, but GMA was not. Also, GMA was related to
conscientiousness and agreeableness, but numeracy was not. This provides further
evidence of independence between numeracy and general intelligence.

Discussion

The numeracy construct is relatively new and, despite having considerable relevance
to individual differences research, has been underutilized in the literature. Our primary
goal was to examine whether numeracy, as measured by the Lipkus et al. (2001)
Numeracy Scale, is distinct from general intelligence, as measured by the Wonderlic. We
were also interested in the relation of both to measures of potential relevance to
individual differences researchers (i.e., cognitive style; Big 5 personality traits).

We found that the Numeracy Scale had the strongest relation with two constructs that
are conceptually related to numeracy: general mental ability and rational cognitive style.
Although there was a positive correlation between numeracy and general mental ability,
it is not high enough to suggest that the Wonderlic and the Numeracy Scale are tapping
the same ability. Indeed, numeracy and GMA showed different patterns of relations with
the other variables. Numeracy was related to rational decision making, whereas GMA
was not. GMA was related to the personality traits of conscientiousness and
agreeableness, and numeracy was not significantly related to either of these traits. The
primary goal of this study was to determine whether this measure assesses something
distinct from GMA, and preliminary evidence suggests the Lipkus and associates
measure passes that test.
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We found that numeracy had negative relations with two Big Five personality traits:
extraversion and neuroticism. Given that this is among the first attempts at examining
these relationships, the findings are useful in establishing the nomological network of
numeracy. The relations between numeracy and two personality traits — extraversion and
neuroticism — may provide insight into why higher levels of numeracy relate to better
decision-making. Perhaps people with a particular personality profile (i.e., introverted
and emotionally stable) are more likely to make better decisions. This avenue of research
is potentially helpful in identifying people who would thrive in positions requiring
decision-making skill, such as managerial positions.

We also found relations between numeracy and two demographic variables: age and
sex. The positive correlation between age and numeracy is notable, given the restricted
range of age in our sample (i.e., most of our participants were between 18 and 22). It is
also notable that GMA and numeracy are differentially related to age in this sample.
GMA seems to be more static across the college years, whereas numeracy may be more
achievement-based. This is consistent with Hertwig, Zangerl, Biedert,and Margraf
(2008), who found that education increased performance on probabilistic numeracy tasks.
Interestingly, when we partialled out the effect of age, the relation between general
mental ability and numeracy remained significant (r = .39; p <.01).

We also found a significant sex difference. Males displayed better numeracy skills
than did females. As was the case with age, when we partialled out the effect of sex, the
relation between GMA and numeracy remained significant (r = .36; p < .01). We were
unable to test race differences in numeracy, given our homogenous sample, but this
would be a particularly interesting avenue for employee selection researchers. Numeracy
may be used to predict success in certain jobs, and it is important to understand whether it
has the potential to cause adverse impact.

One limitation of this study is that we used a college sample from a single
Midwestern university. Approximately three-fourths of the participants were Caucasian,
which limits the generalizability of findings to different racial and ethnic groups. Because
we used a college sample, it is likely that our sample is higher in cognitive ability than
the general population. This range restriction could limit our ability to find the true
relationships between our study variables. Despite these limitations, we have no reason to
expect that the pattern of relationships would be dramatically different if we were to use a
sample more representative of the general population.

Conclusion

This research is an initial attempt to better understand numeracy, and to further
evaluate the characteristics of the dominant measure of the construct: the Numeracy Scale
(Lipkus, et al., 2001). Most notably, we have provided the first evidence that numeracy is
related to, but distinct from, GMA. The Numeracy scale should not be used in place of a
measure of GMA. We do suggest, however, that the measure might provide incremental
information that is useful in understanding various phenomena, such as health and
medical decision making, cognitive development, and mathematical education. Much
needs to be done to understand the relation of numeracy to various individual differences
variables and life outcomes. This research is a first step toward establishing the utility of
the construct for individual differences research.
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Footnotes

! The term “numeracy,” however, may have first appeared in a research paper on the numerical ability of
industrial trainees (Hitch, 1978).

ZViswanathan (1993) noted the importance of distinguishing between numeracy as ability and numeracy as
attitude, and of measuring these substantive constructs independently. He developed and validated a
measure of preference for numerical information, designed to tap only the attitudinal component of
numeracy.

® Lipkus and his colleagues actually described the expanded questions as a 7-item measure, with one of the
items having 2 parts (a and b).
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