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a b s t r a c t
During the last 20 years, health literacy has been promoted as an important determinant of
individual and group differences in health outcomes. Despite a definition and pattern of
associations with health outcomes highly similar to ‘g’ (i.e., the general cognitive ability
factor), health literacy has been conceptualized as a distinct construct. This study evaluates the
conceptual and empirical distinctiveness of health literacy. A sample of 167 students from a
southeastern urban university (117 females and 50 males) between the ages of 18 and 53
(M = 21.31, SD = 5.61) completed a cognitive ability battery, three health literacy tests, two
knowledge tests, and a questionnaire assessing 12 health behaviors and health outcomes.
Across 36 tests of criterion-related validity, cognitive ability had an effect in all 36 cases, where
the health literacy tests only showed measureable incremental validity in 6 of 36 cases. Factor
analysis revealed only three factors defined by the traditional ability tests with the health
literacy measures loading on the ability factors as predicted by the content validity analysis.
There was no evidence of a health literacy factor. The combined results from a comparative
content analysis, an empirical factor analysis, and an incremental validity analysis cast doubt
on the uniqueness of a health literacy construct. It is suggested that measures of health literacy
are simply domain-specific contextualized measures of basic cognitive abilities. Implications
for linking these literatures and increasing our understanding of the influence of intellectual
factors on health are discussed.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction
Health literacy has become a topic of significant interest
among health and medical researchers during the past two
decades, particularly in regard to its potential explanatory
role in health disparities. For example, low health literacy
has been shown to be associated with a variety of health
outcomes including increased risk of chronic health problems
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and decreased utilization of health care services (Berkman et
al., 2004). Findings such as these have compelled health
researchers to consider the elucidatory role of cognitive factors
with respect to individual and group differences in health
outcomes. At the same time, researchers in the science of
mental abilities have amassed evidence that individual differences in basic cognitive abilities, in particular g (the general
mental ability construct), are associated with a variety of health
behaviors and health outcomes. For example, it has been
shown that measures of cognitive abilities predict health
behaviors such as amount of physical activity, eating fruits
and vegetables, taking vitamins, and smoking (e.g., Anstey,
Low, Christensen, & Sachdev, 2009; Batty, Deary, Schoon, &
Gale, 2007).
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Despite the apparent similarity between these streams of
research, there has been little effort to understand how the
health literacy construct fits within the broader nomological
network of intelligence. In fact, it would appear that evidence
demonstrating the influence of cognitive abilities on health
outcomes is still relatively unknown health psychology,
medicine and associated fields. To date, only a few studies
have investigated how cognitive abilities and health literacy
are associated (e.g., Mõttus et al., 2013; Murray, Johnson,
Wolf, & Deary, 2011; Wolf et al., 2012). For example, Mottus
et al recently showed that health literacy tests have
somewhat limited incremental validity after accounting for
cognitive ability and education. As such, it remains unclear to
what extent health literacy measures are assessing construct
variance that is distinct from basic cognitive abilities.
We believe this is a potentially important oversight as it
creates the conditions for construct redundancy and construct proliferation. Construct proliferation and redundancy
has been noted as a major problem in psychology (e.g., Le,
Schmidt, Harter, & Lauver, 2010; Morrow, 1983; Schwab,
1980) and can be viewed as a major failure to adhere to the
canon of parsimony in science. As these authors have noted,
“a science that ignores the mandate for parsimony cannot
advance its knowledge base and achieve cumulative knowledge.” (Le et al., 2010, p. 112). We believe a clear
understanding of the role of cognitive differences in health
outcomes will emerge more quickly with an accurate
understanding of the construct space being assessed by
purported measures of health literacy. As such, our purpose is
to evaluate the conceptual and empirical uniqueness of
the health literacy construct compared to known cognitive
abilities.
1.1. A conceptual analysis
Within the larger process of construct conceptualization
and validation, it is imperative to demonstrate the uniqueness of a construct by either its complete or partial
independence from other comparable constructs (Cronbach
& Meehl, 1955; Messick, 1989). The first step of that process
requires the construct definition and nomological network of
the target construct to be conceptually distinct from existing
validated constructs. To avoid construct proliferation and
redundancy, it is incumbent upon the newer proposed
construct to distinguish itself from known constructs. In
cases of where concepts compete for the same construct
space, the parsimonious model is accepted as the superior
model.
To begin, we can compare their definitions. Cognitive
abilities (or “mental abilities”) in general are defined as the
sources of variance in performance on tasks requiring one to
mentally process, comprehend, and manipulate information
(Carroll, 1993; Reeve & Bonaccio, 2011a). While there are
several specific abilities (e.g., quantitative reasoning; visual–
spatial perception; cognitive speed), the general cognitive
ability underlying all of these, or ‘g’ as it is known, has been
defined as the factor reflecting individual differences in
the ability to educe relations and correlations since it was
first formally proposed by Jensen, 1998; Reeve & Bonaccio,
2011a; Spearman, 1904. As Gottfredson (2009) eloquently
interpreted, this means “the generalized capacity to learn,

reason and solve problems in essentially any context”.
Operationally, this means general ability would manifest
behaviorally as the ability to obtain and understand information (i.e., to learn), process information (i.e., reason), and
use information to make appropriate decisions (i.e., solve
problems in context). Although the definition of health
literacy used by researchers has evolved in the past fifteen
years, the most commonly cited definition of health literacy
is that adopted by the Institute of Medicine (NielsonBohlman, Panzer, & Kindig, 2004), the Department of Health
and Human Services (Healthy People, 2010) and the World
Health Organization (WHO) (1998) which states that health
literacy is “the ability to obtain, process, and understand basic
information and services need to make appropriate health
decisions.” Given the accepted definitions, it would appear
that health literacy is essentially a restatement of the extant
definition of ‘g,’ as it would be manifest in a specific context.
That is, it is well established that general cognitive ability
(‘g’) is indifferent to the indicator (Jensen, 1998; Spearman,
1927). This principle states that it is not the surface level
features of items or situations that determine how well it
measures ‘g’, but rather it is the underlying cognitive process.
Any situation, regardless of context, that requires the
eduction of relations and correlates and the application of
knowledge to novel problem solving situations will measure
‘g’. Thus, it appears that the primary conceptual difference is
not in the cognitive processes per se, but in whether a model
positing a general information processing capacity is more or
less parsimonious than a componential model comprised of
numerous domain-specific faculties.
In this respect, it has been predicted and confirmed that
individual differences in health literacy scores are associated
with health specific outcomes such as lower depression
scores (Gazmararian, Baker, Parker, & Blazer, 2000), measures of morbidity, general health status, and use of health
resources (DeWalt, Berkman, Sheridan, Lohr, & Pignone,
2004), mortality risk (Baker et al., 2007). However, in
keeping with the definition g, Gottfredson (2004) posited
that individual differences in g would manifest as the ability
to comprehend, interpret and apply information in a health
care context just as it has been shown to do so in educational,
occupational, and social contexts (Kuncel, Hezlett, & Ones,
2004). This prediction has also been well supported. For
example, evidence shows that individual differences in g are
associated with lower depression scores, better general
health, and significantly lower odds for stroke, congestive
heart failure, chronic lung disease, heart problems, and
hypertension later in life (Der, Batty, & Deary, 2009), reduced
risk of mortality (Batty, Deary, & Gottfredson, 2008; Deary,
Whalley, & Starr, 2003), reduced likelihood of smoking
(Anstey et al., 2009; Reeve & Basalik, 2010), and higher diet
quality and increased physical activity (Anstey et al., 2009;
Batty et al., 2007) and other indicators of health (e.g., Mõttus
et al., 2013). Thus again, this suggests potential for construct
redundancy.
Thus, the conceptual question centers on the strength of
the evidential basis for the most parsimonious theory. In this
case, the empirical reality and the importance of the g construct
have been well documented for more than 100 years. Going
back to the early 1900s, a broad array of psychometric,
biological, and behavioral genetic evidence (e.g., see Carroll,
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1993; Jensen, 1998) has given rise to a broad consensus among
experts that cognitive abilities are real psychological constructs
(Gottfredson, 1997a; Reeve & Charles, 2008; Snyderman &
Rothman, 1987), that they have a significant and meaningful
influence on important real-world outcomes (e.g. Gottfredson,
1997b, 2004; Jensen, 1998; Kuncel et al., 2004; Schmidt &
Hunter, 1998), that they have a basis in human biology and
physiology (Deary, 2009; Gottfredson, 1997b [special issues of
Intelligence]; Lubinski, 2004 [special section of the Journal of
Personality and Social Psychology]) and is consistent with
predictions from evolutionary psychology (Kanazawa, 2004,
2010). In contrast, the term “health literacy” did not appear
until 1974 and a formal treatment of health literacy as a
construct did not emerge until the late 1990s (Mancuso, 2009).
Additionally, the proposal of a second domain-specific construct to replace a domain-independent construct is less
parsimonious, and lacks a basis in the biology or physiology
of the central nervous system. Moreover, it is not possible for a
domain-specific adaptation of the brain to have evolved within
the last century (arguably the time frame the domain in
question has been in existence). Conceptually, it is difficult to
see where or how health literacy might carve out a unique
space within the existing network known as intelligence.
1.2. An empirical analysis
Recent research from IO psychology demonstrates that
contextualized ability measures can yield incremental predictive validity above traditional ability measures despite
denoting the same construct as the traditional measure (e.g.,
Klingner & Schuler, 2004). This suggests that contextualized
ability measures may assess some unique variance in
addition to the basic cognitive abilities that are relevant to
context specific criteria. Thus, it remains possible that even if
health literacy as a construct is not unique, the measures
used do assess some unique cognitive skill that is distinct
from general cognitive abilities. As such, we conducted an
empirical examination of the convergent and discriminant
validity of the three health literacy measures to better
understand their empirical distinctiveness from basic abilities.
2. Methods
2.1. Participants
A total of 169 adults participated. Everyone enrolled in an
introductory psychology course at a mid-size urban (largely
commuter) university located in the southeastern U.S. were
recruited through the university's undergraduate student
research pool. Two participants did not complete the
demographic background information. The remaining 167
participants (117 females and 50 male) were between the
ages of 18 and 53 (M = 21.31, SD = 5.61), and mostly
self-identified as white (62% white, 25.3% as African American and 5.4% as Hispanic). Most were single (91.9%), 4.7%
were married, and 1 person was divorced. Similarly, most
were childless (89.5%) and 8.1% had at least one child. About
half were psychology or sociology majors (50.9%), 15.6%
were business majors, 6.4% physical science majors, 6.4%
nursing majors, the remainder spread among art, information
technology, humanities and others. On a sing self-report
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item, 15.7% rated their family's financial status as “poor”,
61.6% as “average” and 19.2% as “well-off.” In terms of
parental education levels, 45.2% indicated paternal education
level as High School or less, 17.8% indicated an associates (or
equivalent) degree, 22.3% indicated a bachelors degree, and
14.7% indicated a masters or terminal degree.
2.2. Measures
2.2.1. Health literacy tests
The three most commonly used measures of health
literacy are the Rapid Estimate of Adult Literacy in Medicine
(REALM), the Short Test of Functional Health Literacy in Adults
(S-TOFHLA), and the Newest Vital Sign (NVS). The REALM
requires individuals to read out loud a list of sixty-six medical
words arranged in order of increasing difficulty (Davis et al.,
1993). The S-TOFHLA is a thirty-six item reading comprehension test and a seven item numerical ability test
composed from materials encountered in a health care
setting. The reading comprehension portion of the test
measures an individual's ability to read and fill in missing
words from a set of instructions that intended to prepare a
patient for an upper gastrointestinal exam and a patient's
rights and responsibilities portion of a Medicaid application
form. The numerical portion of the test assesses an
individual's ability to use numerical skills in the following of
directions on a prescription bottle, interpretation of blood
glucose levels, and honoring clinical appointments. The NVS
presents the test-taker with an ice cream carton nutrition
label and then asks six questions regarding the information
presented in the label (Weiss et al., 2005).
2.2.2. Cognitive ability battery
Six ability tests were selected for inclusion. Four scales
from the Employee Aptitude Survey (EAS; Ruch, Stang,
McKillip, & Dye, 2001) were used to assess verbal reasoning,
verbal comprehension, numerical ability and numerical reasoning. The verbal reasoning test requires a person to combine
separate pieces of information to form a conclusion. The
verbal comprehension test requires a person to select the
best synonym for a designated word from four alternatives
presented. The numerical ability test measures the
participant's ability to add, subtract, multiply and divide
integers, decimals and fractions. The numerical reasoning
test requires a person to analyze a series of numbers to
determine the next number that would appear in the series.
Alternate-forms reliability coefficients are reported to be .82,
.85, .87 and .81 for the four scales, respectively (Ruch et al.,
2001). Two-week interval test–retest estimates based on a
similar sample reported by Reeve and Lam (2005) are .75,
.74, .89, and .76, respectively. We also adapted the calendar
task from the Kit of Factor Referenced Cognitive Tests
(Ekstrom, French, Harman, & Derman, 1976). Participants
are provided with a calendar, including dates and days of the
week and asked a series of questions, such as “What is the
date of the second Monday of the month that begins on a
Friday?” This test matches the structure of the STOFHLA and
NVS but independent of any health-related content. Finally,
we included a reading fluency test specifically designed for
this study to assess individual reading ability in a non-health
related context, but using the same structure as the REALM.
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2.3.6. Behavioral Risk Factor Surveillance System (BRFSS;
CDC, 2010)
We assessed several outcomes using items from the BRFSS.
Self-rated recent health was measured with four items assessing
the frequency during the last 30 days that the person felt sick,
felt tired, felt extremely stressed out, or was unable to engage
in usual activities due to poor mental or physical health.
Consumption of fresh food assessed the frequency during the
last 30 days that the person consumed at least one piece of
fresh fruit or vegetable. Unsafe dieting practices asked how
many days a month the person fasted for 24 h for the purpose
of weight loss, took diet pills or other substance for weight loss,
and took laxatives or vomited to lose weight. Amount of exercise
asked how many days a month the person engaged in exercise
for 30 min or more, and how many days they engaged in any
physical activity. Tobacco use assessed how many days a month
the person used tobacco products. Alcohol use was the sum of
two items assessing how many days a month the person had
(a) at least one alcoholic beverage and (b) five or more drinks
in row. Number of sexual partners was assessed with a single
self-report item.

Each word on the reading fluency test was matched to a word
on the REALM in terms of number of letters, syllables, and
frequency of occurrence in English language (as reported by
WordCount.org).
2.3. Criterion measures (for the incremental
validity assessment)
2.3.1. Health Knowledge Assessment (HKA)
To assess general health knowledge we developed a
multiple-choice test covering a wide range of health knowledge including aging, orthopedics and dermatology, children's
health, chronic illnesses, common illnesses, mental health,
nutrition and fitness, sexual and reproductive health, common
medical terms and the human body. Full description of the HKA
development is not reported her for space reasons but a report
is available from the first author. The final version of the
instrument included 60 items. Internal consistency for this
sample was α = .74.
2.3.2. General information assessment
An assessment of general knowledge was developed to
assess the participant's general knowledge in contexts other
than health. The purpose of including this as an outcome was
to provide an additional test of discriminant validity for the
health literacy tests (explained below). The 50 multiplechoice items assess a variety of domains including politics,
geography, current events, history, literature, arts, science,
grammar, sports and US trivia. Detailed information on its
development is available from the first author.

2.4. Procedures
Data were collected in groups of two or three. After
informed consent, participants received a test booklet
containing all instructions and measures. A trained research
assistant proctored first proctored the administration of the
ability tests and S-TOFHLA-Reading. After a short break,
participants were directed to complete the remainder of the
self-report measures at their own pace. During this time, a
second research assistant accompanied each participant, one
at a time, to another testing room to complete the oral and
individual tests; namely, the S-TOFHLA-Numeracy, the
calendar task, the NVS, the REALM and the reading fluency
test.

2.3.3. Body Mass Index (BMI)
BMI was calculated from self-reported height and weight.
2.3.4. Depressive symptoms
We used the Hopkins Symptom Checklist Depression Scale-13
(HSCL-13) which assesses the frequency of clinical symptoms
of depression (Derogatis, Lipman, Rickels, Uhlenhuth, & Covi,
2007). Internal consistency for our sample was α = .83.

3. Results
3.1. Descriptive analyses
Descriptive statistics and uncorrected zero-order correlations among the ability and health literacy measures are shown
in Table 1. Compared to the published norms for a general
population of college students, the current sample scored, on
average, at the 30th percentile on both the verbal comprehension and reasoning tests, and at the 15th percentile on both

2.3.5. Self-rated overall health
Participants rated their overall physical health on a 5-point
Likert-type rating scale in response to the prompt, “In general,
compared to most people your age, how would you rate your
overall physical health?”

Table 1
Means, standard deviations and zero-order correlations among cognitive ability and health literacy tests.

1.
2.
3.
4.
5.
6.
7.
8.
9.

Verbal comprehension
Verbal reasoning
Reading fluency
Numerical reasoning
Numerical ability
Calendar task
REALM
STOFHLA
NVS

M

SD

1

2

3

4

5

6

7

8

16.64
14.31
60.92
11.06
30.63
4.21
63.13
95.47
4.92

4.37
4.88
3.76
3.03
11.21
1.33
2.33
5.44
1.19

.29
.44
.23
.23
.10
.39
.11
.21

.27
.48
.41
.17
.29
.35
.31

.20
.31
.28
.76
.26
.25

.60
.19
.15
.21
.31

.27
.28
.25
.39

.25
.17
.27

.32
.24

.21

Note. N = 168. Correlations larger than |.16| are significant at p b .05; |.20| at p b .01.

C.L. Reeve, D. Basalik / Intelligence 44 (2014) 93–102

97

black vs. not). The variance accounted for by the controls is
shown in the first column in Table 2. In the second step, scores
from the cognitive ability battery were added to the model. The
increment in R2 due to addition of the ability tests is reported in
the second column Table 2. [Note, the reason we entered the
set of ability tests and not just an extracted g-factor is because
our question concerns the conceptual and empirical distinctiveness of health literacy tests from basic cognitive abilities.
Entering only g in step two would leave variance due to the
narrow abilities to be claimed by the HL tests.] In the third step,
one of the health literacy tests was entered to assess its
incremental validity beyond cognitive ability. The third step
was done three times, using each of the three health literacy
tests. The increment in R2 and the standardized beta weight for
each health literacy test are reported in the remaining columns
in Table 2.
The set of cognitive ability tests account for additional
variance in all outcomes beyond the controls. In fact, given
that an R2 of .05 is equivalent to a medium effect size
(Rosenthal & Rosnow, 1991), cognitive ability has at least a
medium effect (or larger) on seven of the 12 outcomes and
the equivalent of a small effect for the other 5 outcomes. In all
cases, cognitive ability is positively associated with better
outcomes. This pattern of criterion-related validity coefficients is consistent with the bulk of the literature in cognitive
epidemiology showing positive associations between cognitive ability and positive health outcomes and inverse
associations with negative outcomes.
In contrast, out of the 12 outcomes tested, the REALM only
accounted for any measurable amount of incremental variance
in four cases, the largest of which would be classified as a small
effect (Unsafe dieting behaviors). However, in this case higher
scores on the REALM were paradoxically associated with
increased rates of unsafe dieting behaviors. The S-TOFHLA
only explained a statistically or practically significant (i.e., at
least a small effect size) increment in variance in 2 out of 12
outcome variables (Unsafe dieting behaviors and Alcohol
usage). In this case, S-TOFHLA scores were associated with
the outcomes in the direction expected (i.e., higher health
literacy associated with fewer unhealthy behaviors). The NVS

numerical tests. Though low, these scores are consistent with
the SAT scores of the local population of psychology majors
typically attending the institution at which data were collected,
and are consistent with performance by other samples drawn
from this population of students on other ability tests (e.g.,
Bonaccio, Reeve, & Winford, 2012). Although the sample is
somewhat homogeneous with respect to some cultural and
background variables and has lower than average ability, the
observed standard deviations indicate a normal amount of
variance. All four tests had observed SDs in this sample similar
to published norms (Ruch et al., 2001). This suggests that there
may not be a significant concern about restriction in range in
ability.
Because health literacy tests are typically designed for use
in populations thought to be low in basic literacy skills, these
tests tend to be comprised of items with low item difficulty
parameters. As such, ceiling effects could be of concern in our
sample of a general population. And in fact, the means on all
four literacy tests are high. The averages are all in the
“adequate” classification range for each scale. Examination of
the proportion of the sample scoring the maximum score
reveals that only 5.8% of the sample scored the maximum on
the REALM, 28% on the STOFHLA and 40% on the NVS. At the
same time, there was sufficient variability. For example,
13.7% of our sample scored below the cut-off for “adequate
literacy” on both the REALM and NVS. Nonetheless, test for
non-normality show all three of these distributions are
negatively skewed. The potential effect that these ceiling
effects or skewness may have on the analyses reported below
should be kept in mind.
3.2. Incremental validity analysis
To assess the degree to which the health literacy measures
capture variance uniquely associated with health outcomes
independent of basic cognitive abilities, we first conducted a
series of hierarchical multiple regression analyses. For each
outcome, we first regressed the outcome onto the controls of
gender (coded as female = 0 and male = 1) and race (two
dummy variables dichotomously coded for white vs. not and

Table 2
Analysis of incremental validity of health literacy tests over cognitive abilities.
Controls
Outcomes
General information test
Health knowledge test
Self-rated overall health
Self-rated recent health
Fresh fruit/veggies
Unsafe dieting practices
Amount of exercise
BMI
Depressive symptoms
Number of sexual partners
Tobacco usage
Alcohol usage

R

2

Cog. ability tests

.15
.02
.03
.08a
.05
.02
.04
.10b
.05
.02
.04
.01

STOFHLA

β

ΔR

b

.04
.08
.08
.06
−.05
.28a
−.04
−.12
.10
.07
.12
.19

.00
.00
.00
.00
.00
.04a
.00
.01
.00
.00
.01
.02

ΔR
a

REALM

2

.28
.15b
.03
.04
.09
.03
.05
.05
.02
.05
.07
.03

2

NVS
2

β

ΔR

.03
.00
−.04
.03
.15
−.28b
.04
−.11
.09
−.10
.04
−.25a

.00
.00
.00
.00
.02
.06b
.00
.01
.01
.01
.00
.05a

β

ΔR2

.11
−.04
−.17
−.04
.08
.07
−.05
.20
.01
.20
.12
.08

.01
.00
.02
.00
.00
.00
.00
.03
.01
.03
.01
.01

Note. Listwise deletion results in N = 150. β = standardized regression beta weight. BMI = Body Mass Index. Controls entered at first step include gender
(female = 0; male = 1) and race (using two dummy codes where white = 1 & non-white = 0, and black = 1 & non-black = 0). The set of ability tests were
entered in second step. Only the health literacy test indicated was entered at step three.
a
Indicates p b .05.
b
Indicates p b .01.
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did not obtain any statistically significant increments in
variance across the 12 outcomes although it did add 3% of the
explained variance in two cases (BMI and number of sexual
partners). However, once again in both cases it was associated
with the outcome in the wrong direction (i.e., higher health
literacy was associated with higher BMI and high number of
sexual partners).
An argument could be made that by including each
HL test separately, we are not taking advantage of their
aggregate test-specific variance. Thus, we repeated the
incremental validity tests in two ways. First, we created a
common Health Literacy factor by extracting the first
principal component of the four HL tests. Then we repeated
the regression analyses entering this factor score rather than
a single HL test. In no case did the use of the factor score
increment the variance explained more than did any one of
the tests alone. Second, we entered all four HL tests as a
battery in the final step (rather than computing a combined
score) to allow for the maximization of test-specific variance.
As expected, in no case did this result in an increment greater
than that seen by simple addition of the increment due to the
individual tests.
As an additional test of convergent and discriminant
validity we evaluated the pattern of correlations with the
health knowledge test and general information test. Conceptually, health literacy tests they should better predict scores
on the health knowledge test than a general knowledge test,
and should do so better than cognitive abilities. As shown in
Table 3, this does not happen. All but one of the ability tests
are significantly correlated with the health knowledge test
whereas only the REALM correlates with it, but no more so
than reading fluency or verbal comprehension. Second, all of
the health literacy tests mimic the pattern shown by all of the
ability tests in that they all correlate more strongly with the
general information test than the health knowledge test. This
inability to display a discriminant pattern of correlations
further disconfirms the construct validity of health literacy.
3.3. Factor analysis
The battery of six ability tests and the four-health literacy
measures (the reading and numeracy portion of the STOFHLA

Table 3
Zero-order correlations of health literacy and cognitive ability tests with
knowledge tests.
Health knowledge

General info test

Health literacy tests
REALM
STOFHLA
NVS

.26b
.07
.10

.44b
.14
.30b

Cognitive ability tests
Reading fluency
Verbal comprehension
Verbal reasoning
Numerical reasoning
Numerical ability
Calendar task

.27b
.33b
.16a
.17a
.17a
.06

.42b
.54b
.32b
.28b
.34b
.09

Note. N = 168.
a
Indicates p b .05.
b
Indicates p b .01.

were scored separately) were submitted to an exploratory
principal axis factor analysis with promax rotation (this
was repeated with an orthogonal rotation, but it did not
appreciably alter the lambda matrix). The KMO value was .76.
Three factors with eigenvalues greater than 1.0 emerged
(3.44, 1.34, and 1.11, respectively), accounting for 59.12% of
the variance. The rotated factor-loading pattern is shown in
Table 4. Again, the primary hypothesis being tested here is
that the health literacy measures will denote a common
factor distinct from those denoted by the ability tests. The
lambda matrix shown in Table 4 does not support this
hypothesis.
The first factor is dominated by the logical reasoning tests,
but has minimal loadings from the STOFHLA Reading test and
the NVS tests as well. Based on comparisons to well-validated
models of cognitive abilities (McGrew, 1997, 2009; Reeve &
Bonaccio, 2011a), this pattern of loadings strongly indicates
the first factor reflects general reasoning ability (i.e., g or Gf).
The second factor appears to be a basic verbal ability factor
(e.g., Grw), possibly even reflecting crystallized vocabulary
(e.g., Gc) given the dominance of the reading fluency and
REALM tests. The third factor comprises STOFHLA-Numeracy,
the calendar task and the NVS. At first glance it might appear
to reflect a numeracy factor as the three tests with primary
loadings do have numerical aspects. However, the fact that
the two primary indicators of numerical ability loaded on a
separate factor indicate this third factor reflects common
aspects of these three tests other than the reasoning
requirement. The only common component to all three is
the need for visual scanning and search for information (e.g.,
Gvs). Thus, the set of tests appear to reflect a fluid reasoning
factor, a lexical knowledge factor, and a visual-scanning
factor.
Although there is little evidence from the factor analysis
supporting the hypothesis that health literacy tests assess a
unique source of variance, the communality estimates
(shown in Table 3) show that the health literacy tests have
a significant amount of test specific variance. For example,
75% of the variance in the NVS and 92% of the variance in the
S-TOFHLA-Reading remain unaccounted for by this factor
analysis. Although the fact the set of health literacy tests do
not share a common source of variance among themselves
beyond that attributable to cognitive abilities rules out the
argument of a unique construct, it remains possible that

Table 4
Results of exploratory factor analysis (principal axis factors).
Factor

Numerical reasoning
Numerical ability
Verbal reasoning
NVS
STOFHLA-Reading
STOFHLA-Numeracy
Calendar task
REALM
Reading fluency
Verbal comprehension

1

2

3

Communalities

.88
.69
.51
.31
.25
−.08
.07
−.07
.02
.22

−.07
.04
.06
.04
.14
−.06
.04
.79
.96
.45

−.09
.06
.15
.30
−.10
.68
.41
.15
−.07
−.09

.67
.54
.40
.25
.08
.38
.22
.72
.87
.27

Note. N = 168. Promax rotation with Kaiser normalization. Salient loadings
(N.30) shown in bold.
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some of the remaining test specific variance in the health
literacy tests may be uniquely associated with health
outcomes. However, the prior incremental validity analysis
confirmed that was not achieved.
4. Discussion
The purpose of this study was to evaluate the uniqueness
of the health literacy construct and the validity of health
literacy measures relative to cognitive abilities. Based on the
totality of the evidence presented here, it is difficult to
conclude that “health literacy” reflects a unique construct or
that so-called health-literacy tests are psychometrically
adequate measures. This conclusion is based on several
lines of evidence. First, our conceptual analysis of the
definition of health literacy found it to be largely synonymous with the established definition of general cognitive
ability, and conceptually less parsimonious. Recent attempts
to better define health literacy do not appear to have solved
the problem of conceptual distinctiveness. Baker (2006) has
recently promoted a framework for understanding health
literacy that states it is comprised of an individual's reading
fluency, vocabulary, arithmetic ability, and prior knowledge.
This formulation of health literacy seems to posit health
literacy as a manifestation of a set of cognitive abilities in the
context of health related information. Even though this
revised definition includes health knowledge as part the
construct (rather than knowledge being an outcome of the
construct as has been the case in the past), it does not set it
apart from existing constructs within the intelligence
domain. Baker's revised description of health literacy appears
to align with the concept of a trait constellation: that is, it is
cognitive capacity borne out in the application of reasoning
abilities and acquired domain-specific knowledge to task
specific demands. While this does relieve some of the
redundancy with abilities alone, it does not appear to set it
apart from domain-specific constructs within the existing
framework of intelligence (see Reeve & Bonaccio, 2011a, for a
detailed explication of the structure of intelligence).
Second, we empirically evaluated the incremental validity
of health literacy measures net the influence of cognitive
abilities. If health literacy measures assess a unique ability,
they should be able to predict health outcomes, and in
particular health knowledge scores, better than the traditional ability tests. Alternatively, it is possible that the real
value of health literacy measures is that they are more
effective, context-sensitive measures of cognitive abilities.
Such contextualized measurement has been of value in
applied areas such as employee selection (e.g., Klingner &
Schuler, 2004). In either case, both predict health literacy
measures to show incremental validity net traditional ability
tests. However, consistent with the findings of Mõttus et al.
(2013), our results disconfirm the suggestion that health
literacy measures provide meaningful amounts of incremental validity relative to that provided by traditional (and more
well-validated) measures of ability.
Third, results of a factor analysis showed that the health
literacy measures loaded onto factors dominated by welldefined ability tests and did not form a unique factor. In fact,
examination of the content the three most commonly used
measures of health literacy show them to have content
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highly similar, and in some cases identical, to existing wellvalidated cognitive ability tests. For example, the REALM uses
the exact same format as two scales on the Kaufman Test of
Educational Achievement Second Edition (KTEA-II) and two
subtests of the Peabody Individual Achievement Test —
Revised (PIAT-R). All of these including the REALM require
examinees to pronounce words of increasing difficulty that
are presented without context. Likewise, the reading section
of S-TOFHLA consists of two prose passages presented in a
modified cloze procedure. The cloze method is a popular
method of assessing reading comprehension (Carroll, 1993);
a method used in the WJ-R (Neddenriep, Hale, Skinner,
Hawkins, & Winn, 2007) and the Woodcock–McGrew–
Werder Mini-Battery of Achievement (MBA; Flanagan et al.,
1997). These results are consistent with others who have
reported strong correlations between health literacy tests
and traditional measures of fluid and crystalized abilities
(e.g., Mõttus et al., 2013; Wolf et al., 2012).
Applying Carnap's (1950) total evidence rule, it is difficult
to find support for the hypothesis that health literacy is a
unique construct, and/or that health literacy tests measure
something unique relative to traditional cognitive abilities.
The combination of the evidence from across the conceptual
and empirical analyses demonstrated that (a) the association
between existing HL measures and health outcomes is likely
a function of the degree to which the HL measures assess
basic abilities, and (b) whatever causes the unique variance
that is captured by HL measures, it is mostly unrelated to the
health outcomes assessed. Similar to the conclusion reached
by Mõttus et al. (2013), health literacy scores appears to be
associated with health outcomes largely because they denote
basic cognitive abilities.
It is important to note several limitations and concerns,
however, before discussing potential implications of such
conclusions. First, as noted previously, there is concern about
the skewed nature of the distribution of scores on the health
literacy tests. Because they were designed to detect illiteracy,
they do often show ceiling effects when used in general
populations. Ceiling effects can skew distributions significantly, and lead to concerns about attenuated correlations.
This is a distinct concern for our data on the NVS and to some
degree on the STOFHLA (but was not a concern on the
REALM). This could distort both the incremental validity
analysis and the factor analysis. In addition, we had access to
a relatively limited sample size. This creates some statistical
concern about somewhat larger sampling error in our
coefficients. Also, many of our outcome measures were selfreport. This leads to some concerns about the validity and
reliability of the criteria used in the incremental validity
analyses. While this might attenuate the magnitude of
validity coefficients, it would not differentially affect ability
tests and health literacy tests.
A broad look at our results may also lead to another
conclusion that ironically poses a limitation to our data.
Namely, our results suggest the current health literacy
measures may not be psychometrically adequate for research
purposes. This is a chilling implication given the apparent
widespread use of these measures. From a methodological
perspective, it suggests that proponents of a unique healthliteracy construct have not yet developed a measure that can
adequately assess the purported construct, which would
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disallow any formal study of the construct. From an applied
perspective, it suggests the information being collected by
practitioners may not be as valuable as once thought.
Despite these important limitations, the evidence from
this study suggests that health literacy tests appear to be a
case of “a sheep in fox's clothing”. We believe this has several
important implications. First, rather than discrediting any
prior evidence, we believe this general finding provides a
great opportunity for both health researchers and psychologists. Evidence such as this allows researchers to merge these
two bodies of evidence. This gives medical researchers access
to a century's worth of accumulated data in the intelligence
literature. Likewise, it allows those working in cognitive
epidemiology to access the health literacy literature and add
this evidence to its database. In short, our findings, combined
with Mõttus et al. (2013), suggest health literacy researchers
can reap the benefits of the intelligence literature with its
extensive history, well-validated models and frameworks,
and advanced quantitative and measurement methods. In
turn, differential psychologists can reap benefits from the
immediate infusion of data from health-specific contexts and
populations that may not have otherwise been accessible.
The amalgamation of these two literatures will likely yield an
increased understanding of the role of intellectual factors
that give rise to individual and group differences in health
behaviors and health outcomes.
Second, the finding that health literacy is a reification of
basic abilities has important implications for grounding
expectations regarding attempts and interventions to increase “health literacy,” something that is a stated goal of
several health organizations. It has been well documented
that g is quite stable from adolescence through middle to late
adulthood (see Reeve & Bonaccio, 2011b) and that programs
designed to increase cognitive abilities, such as the Milwaukee Project or Head Start, do not have a significant lasting
effect on ability test scores (e.g., Gilhousen, Allen, Lasater,
Farrell, & Reynolds, 1990; Jensen, 1989; Locurto, 1991; Page,
1986; Scarr, 1993; Spitz, 1986). This implies that simple or
short-term interventions to teach the abilities that are actually
measured by “health literacy tests” may be unsuccessful.
On the other hand, there are numerous examples of
programs that have successfully increased relevant domainspecific knowledge and procedural skills (e.g., Sternberg,
Totff, & Grigorenko, 2009; Williams et al., 2002) even when
these specific skills are highly correlated with ‘g’. Similarly,
interventions targeted to increase health-related knowledge
and teach specific behaviors have in fact demonstrated
success. For example, among diabetic patients with low
health literacy, utilization of both pictograms and teach back
methodology significantly improved both their adherence to
medication and dietary recommendations (Reza, Hassan,
Hayedeh, Ramin, & Elham, 2012). Further, among patients
with coronary artery disease, a clinical education intervention positively impacted the health behaviors and knowledge
of both high and low literacy patients (Eckman et al., 2012).
Thus, targeted interventions focused on increasing relevant
knowledge and behavioral modification are more likely to
improve the quality of life of those dealing with specific
health related concerns. Critically, our findings show that
existing health literacy tests do not measure criterionrelevant domain-specific knowledge or skills. To the extent

they are associated with outcomes, it appears to be due to the
fact they are short tests of basic abilities. Thus, we encourage
health professionals to use valid assessments of criterionrelevant knowledge and skills, especially when the interest is
interventions aimed towards the “patient”.
These findings also imply that health care professionals
and providers should take seriously the cognitive demands of
specific healthcare treatments or regimens. Our results again
demonstrate that basic cognitive abilities are the underlying
explanation for the association between “Health Literacy”
tests and health outcomes. Because abilities are relatively
resistant to change, our results imply that health care
professionals should seek ways to provide important
healthcare information that does not make large cognitive
demands. Providing instructions in clear, easy to read and
comprehend language would likely increase medication and
treatment adherence, reduce return visits to hospitals, and
increase treatment effectiveness. Similarly, providing easy to
understanding health information would increase the odds
that individuals would utilize such information in their
day-to-day decisions that influence health (e.g., eating
behaviors, exercise decisions, etc.). Interventions such as
this are likely to be, relatively speaking, an inexpensive way
to make immediate impact.
5. Conclusion
The current topic provides a critical demonstration of the
need for all areas of social science to better heed the principles
of measurement. As we noted earlier, posting new constructs
similar to existing ones (the “old wine in new wineskins”
phenomenon) can be viewed as a major failure to adhere to the
canon of parsimony in science. If the mandate of parsimony
were ignored, it would seem unlikely that we will achieve the
broad scientific goal of uncovering the fundamental causes that
underlie the apparent complexity of observed phenomenon
(Toulmin, 1961; Le et al., 2010). As Le et al. (2010) stated, if we
are to expect progress in research, “it is critical that we resolve
questions of construct redundancy and construct proliferation
and move in the direction of the ideal of scientific parsimony.”
(p. 124).
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