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Measuring Numeracy without a Math Test:
Development of the Subjective Numeracy Scale

Angela Fagerlin, PhD, Brian ]. Zikmund-Fisher, PhD, Peter A. Ubel, MD,
Aleksandra Jankovic, MS, Holly A. Derry, MPH, Dylan M. Smith, PhD

Background. Basic numeracy skills are necessary before
patients can understand the risks of medical treatments.
Previous research has used objective measures, similar to
mathematics tests, to evaluate numeracy. Objectives. To
design a subjective measure (i.e., self-assessment) of quan-
titative ability that distinguishes low- and high-numerate
individuals yet is less aversive, quicker to administer, and
more useable for telephone and Internet surveys than
existing numeracy measures. Research Design. Paper-
and-pencil questionnaires. Subjects. The general public
(N =703) surveyed at 2 hospitals. Measures. Forty-nine
subjective numeracy questions were compared to mea-
sures of objective numeracy. Results. An 8-item measure,
the Subjective Numeracy Scale (SNS), was developed
through several rounds of testing. Four items measure peo-
ple’s beliefs about their skill in performing various mathe-
matical operations, and 4 measure people’s preferences
regarding the presentation of numerical information. The

SNS was significantly correlated with Lipkus and others’
objective numeracy scale (correlations: 0.63-0.68) yet was
completed in less time (24 s/item v. 31 s/item, P <0.05)
and was perceived as less stressful (1.62 v. 2.69, P <0.01)
and less frustrating (1.92 v. 2.88, P <0.01). Fifty percent
of participants who completed the SNS volunteered to
participate in another study, whereas only 8% of those
who completed the Lipkus and others scale similarly
volunteered (odds ratio=11.00, 95% confidence inter-
val= 2.14-56.65). Conclusions. The SNS correlates well
with mathematical test measures of objective numeracy
but can be administered in less time and with less
burden. In addition, it is much more likely to leave partici-
pants willing to participate in additional research and
shows much lower rates of missing or incomplete data.
Key words: numeracy; risk communication; decision
making; literacy; measurement. (Med Decis Making XXXX;
XX:xx—xx)

To make informed decisions, patients need to be
aware of and understand the risks and benefits
of their treatment options. However, many patients
have substantial difficulty understanding such risks
and benefits because of poor literacy and numeracy.
According to the most recent National Adult Lit-
eracy Survey,! 21% of Americans scored in the low-
est 2 levels of prose literacy (which corresponds to
being able to make only low-level inferences that are
easily found in a short passage). Equally alarming is
the fact that 22% of Americans scored in the lowest
2 levels for quantitative literacy, a performance level
that corresponds to having the ability to solve only
single-operation arithmetic problems (e.g., what is
the difference in cost between 2 items?). Not surpris-
ing, this latter figure varies with level of education;
51% of high school graduates, 16% of college gradu-
ates, and 11% of people with graduate training
scored in the 2 lowest levels.
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Although numerous studies have explored the
impact of literacy on health behaviors and out-
comes,?® relatively little attention has been directed
toward understanding the role of numeracy, which
has been defined as aptitude with probabilities, frac-
tions, and ratios. This is unfortunate because ade-
quate numeracy skills are a necessary component of
any complete understanding of the risks of health
behaviors and medical treatments. Difficulty inter-
preting risk information could lead patients to make
treatment decisions that are incompatible with their
own preferences, resulting in a decline in patient
care and satisfaction. In fact, research has shown that
whereas most women overestimate the benefits of
mammography, a greater proportion of women with
lower numeracy (compared to women with higher
numeracy) overestimated the benefits.® Furthermore,
people with low numeracy have difficulty answering
time tradeoff and standard gamble elicitations.”
Other research has shown that low numeracy can
impede comprehension and elicitation of health
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statistics.871% These findings show that numeracy
plays a critical role in people’s medical decisions.

Measuring numeracy in a research setting can
provide valuable information regarding how well an
intervention works in various populations. Also,
understanding how numeracy affects health beha-
viors is valuable in itself. For instance, if research
were to find that low-numeracy patients choose risk-
ier treatments, future research could test whether
differences in behavior resulted from misunder-
standing the statistical risks and benefits of the treat-
ment or other differences. In addition, measuring
numeracy may help explain one potential cause for
racial disparities found in health care. In fact, the
use of numeracy in research could be analogous to
the manner in which literacy is currently being used
in research.

Most previous studies that have examined the
issue of numeracy have employed an objective mea-
sure, in the form of a list of mathematical problems
that tested people’s understanding of frequency,
probability, and percentages. Schwartz and collea-
gues first assessed numerical ability using a set of 3
questions that tested people’s ability to translate
percentages into fractions and understanding of
how often a fair coin would come up heads or a fair
die would land on an even number.® More recently,
Lipkus and colleagues evaluated a set of 11 numer-
acy questions, composed of the 3 questions pre-
viously developed by Schwartz and others and an
additional 8 questions that focus more directly on
the ability to understand disease risk (see Table 1).11
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Table 1 Lipkus and Others’
Objective Numeracy Scale

Item

Imagine that we have a fair, 6-sided die (for example, from
a board game or a casino craps table). Imagine we now
roll it 1000 times. Out of 1000 rolls, how many times
do you think the die would come up even (numbers 2,
4, or 6)7*2

In the Big Bucks Lottery, the chances of winning a $10.00
prize is 1%. What is your best guess about how many
people would win a $10.00 prize if 1000 people each
buy a single ticket to Big Bucks?*?

In the Acme Publishing Sweepstakes, the chance of win-
ning a car is 1 in 1000. What percentage of tickets to
Acme Publishing Sweepstakes win a car?*?

Which of the following numbers represents the biggest
risk of getting a disease??

1in 100
1in 1000
1in 10

Which of the following numbers represents the biggest

risk of getting a disease??
1%
10%
5%

If person A’s risk of getting a disease is 1% in 10 years,
and person B’s risk is double that of A’s, what is B’s
risk?'?

If person A’s chance of getting a disease is 1 in 100 in 10
years, and person B’s risk is double that of A’s, what is
B’s risk?'"?

If the chance of getting a disease is 10%, how many people
out of 100 would be expected to get the disease??

If the chance of getting a disease is 10%, how many people
out of 1000 would be expected to get the disease?"?

If the chance of getting a disease is 20 out of 100, this
would be the same as having a % chance of get-
ting the disease."?

The chance of getting a viral infection is 0.0005. Out of
10,000 people, about how many of them are expected
to get infected?"

Note: Items marked with an asterisk (*) indicate those originally devel-
oped by Schwartz and others.® 1/1r are items used in study 1. 1r items
were revised (number 1 was changed to 3). Items marked with a “2”
indicate items used in study 2 and study 3. No items were revised.

Taken together, these objective numeracy questions
assess people’s ability to perform mathematical
tasks on risk magnitudes using percentages and pro-
portions as well as their ability to convert percen-
tages to proportions, proportions to percentages,
and probabilities to proportions.

Most authors have found significant deficits in
numerical ability even in highly educated samples.
For example, in one study in which 88% of the sam-
ple reported having a college education or higher,
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only 51% could report accurately the likelihood of a
fair, 6-sided die coming up even.!! Similarly, 20%
were unable to report which represented the biggest
risk: 1 in 10, 1 in 100, or 1 in 1000.

In addition to the studies using mathematics test-
like questions, a second line of research has consid-
ered the numerical skills needed to be an effective
patient. The Test of Functional Health Literacy in
Adults (TOFHLA) assesses patients’ ability to read
and understand health-related materials and con-
tains both literacy and numeracy measures.'? Low
scores on the TOFHLA are associated with lower
disease knowledge in patients with chronic dis-
eases,*1% lower use of preventive care,'® and higher
rates of hospital admission and emergency depart-
ment use.>*5 However, the numeracy component of
the TOFHLA is limited in that the questions reflect
such simple qualitative procedures (e.g., the items
test people’s ability to understand directions for tak-
ing medicine, monitoring blood glucose, keeping
clinic appointments) that it is difficult to generalize
to their ability to perform more complex numerical
calculations, such as those needed to understand
risk communications or quantitatively contrast dif-
ferent treatment outcomes.

Although objective numeracy measures have
been successful in demonstrating differences in risk
perception and utility measurement, there are sev-
eral significant problems with their use. First, as
might be expected, participants in research studies
are not especially receptive to taking an aptitude
test. In fact, in our own studies, research assistants
have received negative feedback from participants,
many of whom have been displeased about answer-
ing these types of questions. Second, the rather aver-
sive nature of objective numeracy measures could
lead to lower completion rates as well as higher
attrition rates for longitudinal studies. Third, con-
ducting objective numeracy tests over the Internet
or the telephone could be problematic. When
completing the objective numeracy tests over the
Internet, it is possible that respondents will use
calculators or ask others to help them solve the pro-
blems. Difficulty with answering objective numer-
acy questions over the phone could be caused by the
cognitive load required for respondents to retain all
the components of the question in their memory
while also trying to perform the calculations.

These concerns led us to develop the Subjective
Numeracy Scale (SNS). Our primary objective in
developing the SNS was to identify questions that
would be quicker and more palatable for survey par-
ticipants to answer yet still would be powerful
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predictors of people’s ability to perform numerically
intensive tasks. This article describes the develop-
ment of the measure as well as a test of participants’
experiences during survey completion.

Overview of Research

This article presents 3 studies, 2 of which describe
the developmental process used to create the SNS
and 1 of which tested participants’ differential reac-
tions to the objective and subjective numeracy scales.
Study 1 describes the process of developing 42 items
and narrowing the scale down to a preliminary set
of 6 items. Study 2 builds on the results of study 1
by testing the 6 items that had emerged and 7
additional questions that we hypothesized would
improve the correlation between objective and subjec-
tive numeracy. Study 2 results in the final, 8-item
SNS. Study 3 compares participants’ reactions to
completing the objective numeracy questionnaire and
our 8-item SNS, as well as their willingness to partici-
pate in future research. All studies received Institu-
tional Review Board approval.

STUDY 1

Overview

We began the development of a subjective numer-
acy measure by creating and testing 42 items. Parti-
cipants (N =364) completed both the 42-item SNS
and an objective numeracy scale, providing us with
the ability to examine the correlations between the 2
scales. By examining correlations between each sub-
jective item and the objective measure of mathemati-
cal ability, we were able to significantly shorten the
questionnaire and also to determine what other
types of questions needed to be included in the next
round of testing.

Methods

Respondents

Participants were recruited from waiting areas in
a university hospital and a Veterans Affairs hospital.
After research assistants briefly described the study,
those who agreed to participate received a question-
naire. Respondents at 1 site were given pens as com-
pensation for their participation (an Institutional
Review Board requirement).

Of the 364 participants who completed a question-
naire, 46% were female, 91% identified themselves
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as Caucasians, and the average age was 50 years
(sd=16.4, range=19-86). There was substantial
diversity in the educational attainment, with 21%
having a high school education or less, 44% having
completed at least some trade school or college (but
receiving less than a bachelor’s degree), and 33%
having obtained at least a bachelor’s degree.

Questionnaires

In addition to demographics questions (e.g., age,
gender, race, education), participants completed 2
sets of numeracy questions.

Subjective numeracy questions. We had little prior
research on the structure of numeracy to guide us in
the development of items; we also had no a priori
reasons to hypothesize that some areas of perception
would correlate better with performance than
others. For both of these reasons, we chose a broad,
exploratory approach to item development, one that
did not limit our focus only to those domains related
to current objective numeracy scales.

Items were generated using a multistep proce-
dure. First, we conducted an item-generation focus
group with 15 people, during which participants
were asked to generate factors that they believed
would be related to numeric skills. Participants first
free associated about what kinds of items would be
needed for a SNS. Next, participants were given 4
constructs that we hypothesized might be related to
people’s ability to interpret numerical information:
1) experience with numerical tasks (experience), 2)
perceived cognitive ability characterized by how well
and how quickly respondents believe they can per-
form numerical tasks (ability), 3) comfort and interest
in performing numerical tasks (interest), and 4) pre-
ference for the presentation of numerical information
(preference). Participants were asked to develop
items specifically related to these constructs. Close to
100 items were generated during this process. From
all these generated items, we (the authors) chose the
42 items that, by consensus, were most clearly
worded and relevant (see http:/mdm.sagepub.com/
cgi/content/full/Volume/Issue/Page#/DC1 for table).
Incidentally, all items could be classified under 1 of
the 4 constructs listed above.

Objective numeracy questions. Given the large num-
ber of subjective numeracy items each participant
was asked to complete, we chose to reduce res-
pondent burden by using only a 5-question objective
numeracy measure, adapted from Lipkus and
others,!! as our comparison standard. These 5 ques-
tions asked respondents to convert frequencies into
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percentages and percentages into frequencies, to com-
pute the risk if it is doubled, and to convert odds into
frequencies (see items labeled 1 and 1r in Table 1).

Data Analysis

We first conducted an exploratory factor analysis
(maximum likelihood estimation, with Promax rota-
tion) to examine whether our 42 items loaded onto 4
separate factors corresponding to the categories we
used to develop the items (described above). We
then created linear composites of the items repre-
senting each of the 4 categories and computed the
Pearson bivariate correlations between each compo-
site and the total objective numeracy score. After
determining which constructs were most strongly
related, we chose several individual items (based on
the largest individual correlations with objective
numeracy) to create a 6-item SNS. We tested the
overall correlation of our new shortened scale with
the total objective numeracy score and then con-
cluded by using Cronbach’s o to test for internal
reliability.

In this and all subsequent studies, we calculated
an objective numeracy score by counting the number
of questions answered correctly. Following the meth-
odology of Lipkus and others, answers left blank were
counted as incorrect (as long as the respondent
answered any questions at all). For the SNS, we used
an imputed SNS score, equal to the average rating
across all SNS items answered, for all participants
who had missing data yet completed more than half
of the SNS question items.*

*The method of coding missing answers on an objective numeracy
scale as incorrect is debatable because we cannot know whether the
item was left blank because a respondent could not complete it or
rather chose not to for some other reason. Therefore, we considered a
2nd approach for handling missing responses and compared the
results of the 2 methods. Specifically, we used a multiple imputation
procedure using a Markov Chain Monte Carlo (MCMC) method.

Using data from study 1, we compared our key analysis—the corre-
lation between the subjective and objective numeracy scores—using
these 2 different techniques and found only small differences. To elabo-
rate, we set the MCMC imputation procedure to replace all missing
values on each of the 5 objective numeracy scale items and repeated
the process 5 times (using SAS version 8 PROC Ml and MIANALYZE?).
This produced 5 new imputed data sets; we then recomputed the objec-
tive numeracy scale composite in each set. The correlations using these
5 imputations were all significant and varied from r=0.41 to 0.44 and
were close to the correlation obtained using the “code missing as
wrong” imputation procedure (r=0.47). In study 2, using the full Lipkus
and others scale, these results were even more consistent. The imputa-
tion procedure created objective numeracy scale variables that corre-
lated with subjective numeracy between r=0.49 and r=0.51,
compared to the “missing as wrong” value of r=0.53.
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Results

A factor analysis confirmed that, with the excep-
tion of a minority of questions, the items we created
fell into 3 of the 4 hypothesized factors: experience,
interest, and ability (the 2 preference items did not
hang together, and some of the experience questions
did not load on any factor). A factor analysis was
not conducted on the objective numeracy scale, as
the scale’s authors have already conducted and
reported the results of a factor analysis of this
scale.!? The results of that factor analysis indicated
that the scale has only 1 dimension.

We next looked at correlations between each of the
3 obtained factors and the total objective numeracy
score (i.e., how many of the 5 items were answered
correctly). We separately analyzed the individual
preference items that did not load on 1 of these fac-
tors. An examination of these correlations revealed
that the strongest correlations were with the ability
factor as well as the 2 preference items. Indeed, 6
of the 7 highest individual item correlations were
items that were classified as either ability or prefer-
ence questions (see www.cbdsm.org/files/downloads/
numslapdx.pdf). Based on these evaluations, these 6
items were retained as a preliminary SNS (pSNS).
Thus, no experience or interest items were retained.
Cronbach'’s test of reliability for the pSNS showed a
reliability of o« =0.84. The objective numeracy ques-
tions showed an internal reliability of o=0.66
(Kuder-Richardson 20). The correlation between the
sum of the final 6 items of the pSNS and the 5-
item objective numeracy composite score was 0.47
(P <0.01). We applied a formula to correct for the
attenuation in this correlation due to the internal
reliability of each scale.’® The corrected correlation
after taking into account the unreliability of the 2
scales was r=0.63. The correlation between the 5-
item objective scale and the ability subscale was
r=0.39, P <0.01 (the corrected correlation r=0.52),
whereas the correlation between the objective numer-
acy scale and the preference subscale was r=0.42,
P < 0.01 (the corrected correlation was r=0.56).

The missing data per question ranged from 2.69%
to 17.0% for the objective numeracy measure and
from 0.3% to 0.8% for the SNS.

For subjective numeracy, the “missing as wrong” approach is not
applicable because there is no wrong answer. We could have
employed the complex multiple imputation approach. However, miss-
ing rates observed were very low, typically less than 1% per item.
Thus, it is highly unlikely that a more sophisticated imputation proce-
dure would alter our results.
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STUDY 2
Overview

Based on the results of study 1, we had identified
6 items that were strongly correlated with objective
numeracy and had high internal reliability. How-
ever, in our analysis of study 1, we noted that the 2
preference items that were highly correlated with
objective numeracy were the only 2 preference
items that we had included in the initial 42-item
question set. We were concerned that had we
included other preference related items, these 2
items may not have emerged as the best predictors.
This concern led us to conduct study 2, which
tested the 6-item pSNS from study 1 as well as an
additional 7 questions that tapped into the prefer-
ence construct.

Methods

Respondents

Respondents were recruited from a Veterans Affairs
(VA) hospital waiting room. Recruitment was res-
tricted to this site because of the greater educational
and ethnic diversity of patients compared to the uni-
versity hospital (as found in study 1 but not reported).
Furthermore, the VA sample had lower numeracy
skills than the university participants (4.06 v. 4.59).
The recruitment method was the same as for study 1,
and participants were given pens after completing the
survey.

Of the 287 respondents who completed a ques-
tionnaire, 44% were women, 72% identified them-
selves as Caucasians, and the average age was 58
years (sd =13.5, range = 19-85). Again, our sample
was educationally diverse, with 38% having a high
school education or less, 52% having completed at
least some trade school or college, and 10% having
at least a bachelor’s degree.

Questionnaires

Subjective numeracy questions. We included the 6
items with the highest correlations with objective
numeracy as determined in study 1 and 7 new items
developed to reflect the preference for numerical
information construct. All items are listed in Table 2.

Objective numeracy questions. We used the full and
unrevised objective numeracy questionnaire from
Lipkus and others (see items labeled “2” in Table 1).
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Table 2 Subjective Numeracy Items Tested in Study 2

Correlation
with Objective
X s Numeracy
Cognitive abilities (1 = not at all good, 6 = extremely good)
How good are you at working with fractions? 3.67 1.51 0.41
How good are you at working with percentages? 3.92 1.47 0.43
How good are you at calculating a 15% tip? 4.20 1.54 0.41
How good are you at figuring out how much a shirt will cost if 4.58 1.40 0.34
itis 25% off?
Preference for display of numeric information
When reading the newspaper, how helpful do you find tables 3.83 1.43 0.26
and graphs that are parts of a story? (1 =not at all,
6 = extremely)
When people tell you the chance of something happening, do 3.53 1.82 0.33
you prefer that they use words (“it rarely happens”) or
numbers (“there’s a 1% chance”)?* (1 = always prefer
words, 6 = always prefer numbers)
When you hear a weather forecast, do you prefer predictions 3.06 1.90 0.27
using percentages (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)
How often do you find numerical information to be useful? 4.16 1.50 0.30
(1 = never, 6 = very often)
When reading about the likelihood of something happening, 4.05 1.46 0.26
how helpful is it to see the exact percentage
(e.g., 45% chance)?®
How much do you like statistics?® 3.34 1.42 0.25
How often do you use percentages in conversations (e.g., 2.92 1.61 0.16
“Iam 75% done with packing.”)?®
When you ask someone what time it is, do you prefer that 2.98 1.90 0.14
they tell you the exact time (“it’s 10:04”) or the
approximate time (“it’s a little after 10 o’clock”)?®
How often do you express an opinion using numbers (e.g., 3.45 1.55 0.09

“on a scale from 1-10, I give it a 7”)??

Note: The first 8 items in this table are those that compose the final Subjective Numeracy Scale (SNS). The 2 original preferences items from study 1 are

marked with an asterisk (*).

a. Items that were tested in study 2 but were not retained in the final SNS.

Standard demographic questions were also
included. Also included was a short risk communica-
tion or utility elicitation task. These data (reported as
Study 2 in our companion article)'® followed all
numeracy questions and are not used in the present
analyses.

Data Analysis

We conducted individual Pearson bivariate corre-
lations between all subjective numeracy items and
the objective numeracy measure and between the
objective measure and the final SNS. Cronbach’s o
tested the reliability of the final scale.
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Results

Correlations between each of the 7 new questions
and respondents’ objective numeracy scores ranged
from 0.09 to 0.30 (n for each of the questions ranged
from 283 to 287). The 2 original preference items
(from study 1, marked with an asterisk in Table 2)
were found to be among the mostly highly corre-
lated items and were retained. In addition, 2 items
that were the most highly correlated with objective
numeracy (preference for the presentation of a
weather forecast and the usefulness of numerical
information) were combined with the previous 6
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items to make an 8-item final SNS. The final scale
was reliable, o =0.82. We again observed a signifi-
cant correlation with the objective numeracy mea-
sure (0 =0.75; r=0.53, P < 0.01). After correcting for
attenuation, the final correlation was r=0.68. The
correlation between the Lipkus and others scale and
the ability subscale was r=0.47, P <0.01 (the cor-
rected correlation was r = 0.60), whereas the correla-
tion between the Lipkus and others scale and the
preference subscale was r=0.44, P <0.01 (the cor-
rected correlation was r =0.56).

The missing data per question ranged from 1.9%
to 20.7% for the objective numeracy measure and
from 0.0% to 1.6% for the SNS.

Descriptive Characteristics of the Final SNS

Participants’ scores on the final SNS ranged from
1.00 to 6.00, with a mean of 4.03 and a standard
deviation of 1.04. The SNS scale was generally nor-
mally distributed, with only a slight negative skew
(—0.36).

STUDY 3
Overview

To confirm our anecdotal perceptions that research
participants find Lipkus and colleagues’ objective
numeracy measure to be aversive and to test whether
the SNS is more palatable, we conducted a small sur-
vey that focused exclusively on the study participants’
reaction to both objective and subjective numeracy
measures.

Methods

Respondents

Participants were recruited from the cafeteria of a
university hospital. The sample was composed of 52
individuals, of which 55% were women, 88% iden-
tified themselves as Caucasians, and the average age
was 43 years (sd = 14.8, range = 18—78). Participants
had a range of educational experience, with 8% hav-
ing a high school education or less, 32% having
completed at least some trade school or college, and
60% having at least a bachelor’s degree.

Questionnaires

Participants were randomized to receive either
the full 11-item Lipkus and others’ objective numer-
acy measure (labeled “2” in Table 1) or the 8-item
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SNS. All participants rated 4 questions about their
emotional reaction to the questionnaire using a 6-
point Likert-type scale: 1) I enjoyed answering the
questions in this study, 2) The questions in this
study were annoying, 3) The questions in this study
made me feel stressed, and 4) The questions in this
study were frustrating. A final question asked parti-
cipants their willingness to participate in another
study: “We have another survey, similar in length,
which you could also participate in. Would you be
willing to do this additional study?” (answers were
yes and no). Standard demographic questions (as
described in study 1) were also included.

Procedures

Participants were instructed to work straight
through the survey and return it as soon as they
were done. Research assistants used a stopwatch to
record the time it took each participant to complete
the survey. Research assistants carefully and unob-
trusively observed the participants, and stopwatches
were paused if the participant stopped working
on the questionnaire (e.g., participant engaged in a
conversation).

Data Analysis

t Tests were used to compare performance (i.e.,
time needed to complete the measure) and attitudes
between those who completed the objective numer-
acy measure and those who completed the SNS. A
logistic regression analysis compared the partici-
pants’ willingness to participate in a similar survey
(yes/no) by what survey they completed (objective
v. subjective).

Results

The results from this study are reported in Table 3.
On average, participants receiving the SNS were able
to complete the survey about 2.5 min more quickly
than those who had to complete the objective numer-
acy test, a highly significant difference (t=3.52,
P < 0.01). This translates into an average time per item
for subjective numeracy of only 24 s, versus an aver-
age of 31 s per item for the objective numeracy scale,
t=2.41, P <0.05.

Ratings of how much the survey annoyed, stressed,
and frustrated participants showed significant differ-
ences, with higher negative ratings coming from those
individuals who had received the Lipkus and others
objective numeracy measure (t’s ranged from 2.54
to 3.34; all P’s <0.05). Participants’ ratings of how
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Table 3 Time to Complete and Emotional Response to Numeracy Surveys

Subjective Numeracy

Objective Numeracy

Item Scale (n=27), x (s) Scale (n=25), x (s) P Value
Average time to complete (min) 5.03 (1.79) 7.49 (3.17) <.01
Enjoyment rating 4.27 (1.12) 3.96 (1.34) >.10
Annoyance rating 2.42 (1.36) 3.42 (1.47) <.01
Stress rating 1.62 (0.90) 2.69 (1.38) <.01
Frustration rating 1.92 (1.32) 2.88 (1.33) <.05
Willing to do another similar survey? 50% 8% <.05

Note: Analyses are t tests for time to complete and all ratings, but a logistic regression was used to evaluate willingness to do an additional survey.

much they enjoyed completing the survey show
higher enjoyment by individuals completing the SNS,
although this difference was not statistically signifi-
cant (P > 0.10). Finally, in the last question of the sur-
vey, we asked participants to indicate whether they
would be willing to do another similar survey. Fully
half of those receiving the SNS were willing to do so,
far more than the 8% receiving the Lipkus and others
measure (odds ratio=11.00, 95% confidence interval
=2.14-56.65).

GENERAL DISCUSSION

The SNS was developed over 3 studies, in which
a pool of 49 items (42 items in study 1 and 7 items
in study 2) was pared down to a final 8-item scale.
The SNS asks participants to assess their ability in
performing various mathematical tasks and their
preference for the presentation of statistical informa-
tion. We have shown that the SNS is closely asso-
ciated (r=0.68) with the well-known Lipkus and
others objective measure of quantitative ability, can
be administered in significantly less time, is a more
pleasant experience for participants (which in turn
may result in better completion and attrition rates),
and results in less missing data. This suggests that
replacing the Lipkus and others objective numeracy
questionnaire with the SNS might decrease attrition
rates for longitudinal studies and increase the likeli-
hood that people will complete questionnaires. The
SNS also holds an advantage over objective numer-
acy measures when assessed over the telephone or
the Internet. Whereas the cognitive load require-
ments of a phone interview are likely to be high for
objective numeracy measures, cognitive load is
likely to be low for the SNS, making the scale much
easier to administer over the telephone. Further-
more, in computer surveys, researchers do not have
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to be concerned that some participants’ scores will
be invalid because they have used calculators or
other people to aid in their completion of the task.

There are several limitations of the developmen-
tal process. First, we used convenience samples to
test the SNS. Our use of self-administered written
surveys could have resulted in an exclusion of low-
literacy/low-numeracy individuals because of the
reading requirement. However, our samples were
diverse in terms of educational achievement, and
there was a wide range of objective numeracy skills
observed.

Another potential limitation is that we may not
have included all constructs that could be related to
numeracy. In study 1, we generated items that
reflected 4 concepts: 1) experience with numerical
tasks, 2) perceived cognitive ability characterized by
how well and how quickly respondents believe they
can perform numerical tasks, 3) comfort and interest
in performing numerical tasks, and 4) preference for
the presentation of numerical information. It is pos-
sible that other constructs might have improved the
correlation between the SNS and the Lipkus and
others scale and/or the predictive ability of our
scale. A related issue was our reliance on a single
criterion for item selection: correlation with the Lip-
kus and others scale (and a modified version). We
chose this scale because it is currently the most
extensively used in research on numeracy in health
settings. Ideally, we could have examined a variety
of previously validated measures, covering various
aspects of numerical ability in the context of medi-
cal decisions; doing so might have resulted in the
selection of a different set of final items or perhaps a
larger scale with several distinct subscales. How-
ever, at this point, there simply is not enough avail-
able research on numeracy to adequately address
these issues. As noted above, we have made our full
set of 42 items available at http://mdm.sagepub.com



DEVELOPMENT OF THE SUBJECTIVE NUMERACY SCALE

/cgi/content/full/Volume/Issue/Page#/DC1 for any
researchers who may be interested in exploring
some of the items not included in our final measure.

A final potential limitation is the fact that our
objective numeracy measure changed over the stud-
ies. Whereas studies 2 and 3 used the complete (and
unrevised) Lipkus and others scale, study 1 used an
adaptation of the scale. However, in a separate study
that also included numeracy measures (not reported
here), respondents received all the items used in all
our studies, allowing us to compute the Lipkus and
others scales used in study 1 and study 2. Respon-
dents’ performance on the 2 versions of the scale
was highly correlated (r=0.85).

Future research is clearly needed to determine
how best to use the SNS to identify whether
patients, or a subset of patients, have the numeracy
ability necessary to understand the needed numeri-
cal information. Furthermore, although this article
has mostly discussed the merits of the SNS in
research terms, it may be that a quick and simple
numeracy measure (e.g., the measure of Schwartz
and others®) would ultimately prove useful in a clin-
ical setting. To determine this, however, research is
clearly needed to test whether, and how, the SNS
could be used to identify which patients can or can-
not understand the risks and benefits of treatment.
We hope that future research will evaluate the use-
fulness of the SNS in a clinical setting.

Future research might also explore why the Lip-
kus and others scale is viewed negatively and
whether the scale could be reduced to save time. We
cannot say why the objective numeracy question-
naire was rated as more frustrating, stressful, or
annoying. It may be the experience of having to take
a mathematics test. It could be due to the repetitive
nature of the questions. Another possibility is that
the questions deal with disease and illness, and that
may upset participants.

In our companion article, we report evidence for
the SNS’s predictive validity.!® Although there may
be research questions and methodologies in which
an objective numeracy measure may be more appro-
priate, we suggest that our measure has many advan-
tages while remaining effective at distinguishing
highly numerate individuals from those whose
quantitative skills are weaker.
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