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Measuring Graph Literacy without a Test:
A Brief Subjective Assessment

Rocio Garcia-Retamero, PhD, Edward T. Cokely, PhD, Saima Ghazal, PhD,
Alexander Joeris, MD

Background. Visual aids tend to help diverse and vulner-
able individuals understand risk communications, as
long as these individuals have a basic understanding of
graphs (i.e., graph literacy). Tests of objective graph lit-
eracy (OGL) can effectively identify individuals with lim-
ited skills, highlighting vulnerabilities and facilitating
custom-tailored risk communication. However, the
administration of these tests can be time-consuming and
may evoke negative emotional reactions (e.g., anxiety).
Objectives. To evaluate a brief and easy-to-use assess-
ment of subjective graph literacy (SGL) (i.e., self-reported
ability to process and use graphically presented informa-
tion) and to estimate the robustness and validity of the
SGL scale and compare it with the leading OGL scale in
diverse samples from different cultures. Participants.
Demographically diverse residents (n = 470) of the United
States, young adults (n = 172) and patients (n = 175) from

Spain, and surgeons (n = 175) from 48 countries. Design.
A focus group and 4 studies for instrument development
and initial validation (study 1), reliability and convergent
and discriminant validity evaluation (study 2), and pre-
dictive validity estimation (studies 3 and 4). Measures.
Psychometric properties of the scale. Results. In about 1
minute, the SGL scale provides a reliable, robust, and
valid assessment of skills and risk communication prefer-
ences and evokes fewer negative emotional reactions
than the OGL scale. Conclusions. The SGL scale can be
suitable for use in clinical research and may be useful as
a communication aid in clinical practice. Theoretical
mechanisms involved in SGL, emerging applications, lim-
itations, and open questions are discussed. Key words:
graph literacy; medical decision making; numeracy; risk
communication; risk literacy; visual aids. (Med Decis
Making 2016;36:854–867)

V isual aids can confer benefits when communicat-
ing health-relevant risk information to diverse

and vulnerable individuals.1–4 Visual aids are espe-
cially effective when they are transparent—that is,
when their elements are well defined and they accu-
rately and clearly represent the relevant information,
making part-to-whole relationships in the data visually
available.5 Nevertheless, even the simplest visual aids
are not beneficial for everyone.6–8 Garcia-Retamero
and Galesic9 found that visual aids tend to be most
beneficial when people have at least a moderate level
of objective graph literacy (OGL)—that is, when they
have the skills that allow them to extract data and
meaning from graphical representations of quantitative
information.10 Garcia-Retamero and Galesic’s estimate9

was based on results from large probabilistic national
samples in the United States and Germany, wherein
visual aids increased accuracy from less than 20% to
nearly 80% among people who were moderately graph
literate, even when they had very low levels of objec-
tive numeracy (ON)—when they have the ability
to use numbers to inform decision making.11–15
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However, people with low graph literacy generally
failed to benefit from visual aids.16 Other related stud-
ies17–19 have documented similar findings in diverse
samples of participants, suggesting a need for more
personalization of interventions in medical risk com-
munication (e.g., custom tailoring).6

Most research on the relations between visual
aids and graph literacy has assessed OGL with the
scale developed by Galesic and Garcia-Retamero.10

This scale consists of 13 items and covers several
frequently used graph types. The scale includes
items dealing with the communication of risks,
treatment efficiency, and prevalence of diseases,
and it measures 3 abilities of graph comprehension:
1) the ability to read the data, that is, to find specific
information in the graph (e.g., the ability to read off
the height of a bar within a bar chart); 2) the ability
to read between the data, that is, to find relation-
ships in the data as shown on the graph (e.g., the
ability to read off the difference between 2 bars);
and 3) the ability to read beyond the data, or make
inferences and predictions from the data (e.g., the
ability to project a future trend from a line chart).

The OGL scale was initially validated in
several samples from different cultures.8–10,17,18,20–

26 Subsequent research indicates that the scale is
generally a robust predictor with good psychometric
properties. To illustrate, individuals with high OGL
often extract more complex knowledge when view-
ing graphs than individuals with low OGL (e.g., it is
more likely that they process important information
in titles, labels, and scales).22,24 Compared with
those who have low OGL, individuals with high
OGL also show lower reliance on irrelevant spatial
features when interpreting graphs.23 More graph-
literate individuals also benefit more from interven-
tions designed to improve risk understanding or to
reduce errors and biases in graph comprehension
(e.g., benefit from error bars).21,27

Despite its success, like all scales, the OGL scale
has some limitations. One of the more pressing
issues is that it typically requires 9 to 17 minutes to
complete,10,16,25 which may be too long for some
uses (e.g., in clinical practice). Recent research
shows that brief measures can be designed to work
as well as long assessments. A prominent example
is the Berlin Numeracy Test11,28—a 2-minute test of
ON29,30 that is also one of the strongest predictors of
risk literacy and general decision-making skills in
educated participants from industrialized countries
(see RiskLiteracy.org). Unfortunately, some people
find objective tests aversive and anxiety provoking
no matter how brief.31 This concern is common

among people from disadvantaged backgrounds
who may struggle to grasp numerical concepts that
are essential for understanding health-relevant
information.6

Some recent research suggests that measuring
subjective perceptions of aptitudes can be less
stressful and intimidating,32 offering fair predictive
power and good reliability. One such instrument
that has proven valuable for clinical and basic
research is the subjective numeracy (SN) scale
developed by Fagerlin and colleagues.2,33–36 The
scale demonstrates good reliability,33,37 is signifi-
cantly correlated with scales measuring ON,35 and
predicts objective performance in problems involv-
ing numerical risks.34,36,38 Inspired by these suc-
cesses, here we present the development and
refinement of a subjective graph literacy (SGL) scale
that predicts OGL and risk communication beha-
vior, while reducing assessment of time and
anxiety.

OVERVIEW OF THE RESEARCH

This report includes data from a focus group and
4 studies conducted with diverse samples from dif-
ferent cultures. The focus group and study 1 were
designed to develop assessment items and test basic
attributes of the new scale. Participants were a
group of experts and a large sample of residents of
the United States, respectively. Study 2 evaluated
test reliability and convergent and discriminant
validity in a sample of young adults in Spain.
Studies 3 and 4 investigated predictive validity in
large samples of patients and physicians from 48
countries.

Development and Validation of the Subjective
Graph Literacy Scale

Following Fagerlin and others,33 we used an
exploratory approach to item development. We con-
ducted an item generation focus group with 6
experts who generated items representing 3 con-
structs: 1) perceptions of basic and advanced skills
of graph comprehension (i.e., how well and how
quickly people believe they can perform tasks that
measure the abilities of reading the data, between
the data, and beyond the data), 2) experience with
tasks involving graphs (e.g., perceptions of easiness
and usefulness of tasks involving graphs in daily
life), and 3) comfort and interest in performing tasks
involving graphs. Experts generated 45 items.
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Content analysis was performed by 2 experts to
select 10 items (see Table 1). Item selection was
guided by the following 4 criteria: 1) efficiency:
each item had to measure a different aspect of SGL;
2) duration: the scale had to be short; 3) the items
had to cover different types of graphs; and 4) the
items had to investigate perceptions of both basic
and advanced skills of graph comprehension. Items
were designed to be answered using 6-point scales.
To evaluate the 10-item SGL scale and select the
items for the refined final version of the scale, we
conducted study 1.

STUDY 1

Participants

The 10-item SGL scale was administered on com-
puters via Amazon’s Mechanical Turk, which pro-
vides access to demographically diverse samples of
participants.38 Participants were 470 residents of
the United States. Of those, 70 participants did not
answer all the questions or were classified as dis-
tracted respondents (i.e., the amount of time that
they spent reading and answering the questions was

more than 3 standard deviations from the average).
These participants were excluded from data analy-
ses. The final sample included 400 participants.
Participants’ age, sex, and education were not
recorded in study 1 because of a programming error.
Demographics from large samples of studies that we
have previously conducted via Mechanical Turk
(n . 3000) include a reasonable balance of sex
(42% male) and age (mean, 32 years; range, 18278
years). Many participants (42.4%) have some col-
lege experience. All participants were compensated
with $1 and consented to participation through an
online consent form at the beginning of the study.

Materials and Procedure

To test convergent validity, participants com-
pleted the 10-item SGL scale and the OGL scale
developed by Galesic and Garcia-Retamero10. To
assess predictive (criterion) validity, participants
completed a 10-item battery requiring interpretation
of graphical information about health risks.39 The
battery included 4 graphs (2 line plots and 2 bar
charts) representing realistic health risks taken from
published studies in medical journals. Two of the

Table 1 Items of the 10-Item and the 5-Item SGL Scales and Correlation between Item Scores with Total
Scores in the OGL and SGL Scales

Items

OGL

Scale

10-Item

SGL Scale

5-Item

SGL Scale

1. How good are you at working with bar charts? (1 = not at all good;
6 = extremely good)

.30* .78* .87*

2. How good are you at working with line plots? (1 = not at all good;
6 = extremely good)

.31* .76* .86*

3. How good are you at working with pies? (1 = not at all good;
6 = extremely good)

.32* .76* .85*

4. How good are you at inferring the size of a bar in a bar chart? (1 = not at all
good; 6 = extremely good)

.28* .79* .87*

5. How good are you at determining the difference between 2 bars in a bar
chart? (1 = not at all good; 6 = extremely good)

.33* .77* .83*

6. How good are you at projecting a future trend from a line chart? (1 = not at all
good; 6 = extremely good)

.16* .75* .69*

7. Are graphs easier to understand than numbers? (1 = not at all; 6 = much easier) .07 .62* .37*
8. How often do you find graphical information to be useful? (1 = never;

6 = very often)
.25* .74* .52*

9. To what extent do you believe in the saying ‘‘a picture is worth one thousand
words’’? (1 = not at all; 6 = extremely)

2.06 .48* .21*

10. When reading books or newspapers, how helpful do you find graphs that are
part of a story? (1 = not at all; 6 = extremely)

.17* .64* .38*

Note: Items 1 to 10 were included in the 10-item subjective graph literacy (SGL) scale. Items 1 to 5 were selected to be included in the 5-item SGL
scale.
*P \ 0.05.
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graphs reported changes in blood pressure after an
intervention in hypertensive patients.40 A third
graph reported the relationship between body mass
index and diabetes.41,42 The fourth graph reported
the results of a diabetes prevention program.43 The
Ethics Committee of the Michigan Technological
University approved the study. All participants pro-
vided informed consent. There were no time
constraints.

Results and Discussion

We selected items 1 to 5 as the candidate items to
be included in the refined final version of the SGL
scale. Item selection was guided by the following
principle: threshold correlation of item scores with
total scores in the OGL scale and the 10-item SGL
scale had to be larger than .25 and .75, respectively.
We evaluated the 5-item and the 10-item version of
the SGL scale on several criteria, including basic
attributes, reliability, and validity (see Table 2). The
2 versions of the SGL scale were compared with the
OGL scale10 (see Table 1).

Basic attributes

Participants took less time to complete the 5-item
scale than the 10-item scale (t399 = 233.41, P =
0.001) and the OGL scale (t399 = 250.08, P = 0.001),
with an average time of 9 and 40 seconds per

question for SGL and OGL, respectively. Scores in
the SGL scales were approximately normally dis-
tributed; scores in the OGL scale showed moderate
negative skew.

Reliability

Cronbach’s alphas of the scales indicated internal
consistency. A principal axis factor analysis of the 5
items of the refined SGL scale showed that all items
loaded highly on a single factor explaining 73% of
the observed variance, suggesting a 1-factor con-
struct with high confirmatory reliability.

Validity

Scores in the SGL scales were moderately corre-
lated with those in the OGL scale, revealing conver-
gent validity. In addition, the SGL scales predicted
accuracy of graph understanding in tasks involving
health risks, revealing considerable predictive
validity. The 5-item and the 10-item versions of the
SGL scale accounted for 47% and 37% of the total
variance explained by the full model, respectively;
the OGL scale explained 66% of the total variance.
Both SGL and OGL predicted accuracy of graph
understanding when they were included as single
and competing predictors in regression models (see
Table 2) (incremental F1,397 = 14.837, P = 0.0001
when SGL was added to the model).

Table 2 Basic Attributes and Psychometric Properties of the Scales in Study 1

OGL Scale
SGL Scale

10-Item 5-Item

Basic attributes Length 8 min 46 s 1 min 28 s 52 s
Mean 10.28 43.58 21.93
Standard deviation 2.14 8.25 4.87
Skewness 21.20 2.45 2.46

Reliability Cronbach’s a .67 .89 .91
Convergent validity Correlation with scores in OGL .29* .35*
Predictive validity Mean % (SE) of correct answers

First quartile .48 (.02) .51 (.02) .48 (.02)
Second quartile .59 (.02) .57 (.02) .55 (.02)
Third quartile .63 (.02) .61 (.02) .61 (.02)
Fourth quartile .65 (.02) .62 (.01) .62 (.01)

Standardized b coefficients (SEb)
As single predictor .36* (.05) .27* (.05) .29* (.05)
With SGL/OGL .29* (.05) .18* (.05) .19* (.05)

Note: OGL, objective graph literacy; SGL, subjective graph literacy.
*P \ 0.05.
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In summary, the SGL scales were found to be
psychometrically efficient instruments that assess
skill-related beliefs and actual graph comprehen-
sion. The final refined 5-item scale shows numeri-
cally superior reliability and validity coefficients
and takes less time to complete than the 10-item
scale (see Table 2).

STUDY 2

Participants

Participants were a sample of 172 undergraduates
from the University of Granada in Spain (26%
males; mean age, 21 years; range, 19–30 years).

Procedure

Participants completed a paper-and-pencil survey
including questions about demographic information.
To assess convergent validity, participants com-
pleted the 5-item version of the SGL scale and the
OGL scale.10 To assess test-retest reliability, partici-
pants completed these scales 2 different times, 2
weeks apart. To test discriminant validity, partici-
pants completed the Berlin Numeracy Test,11 the
SN scale,34 a self-report measure of one’s general
sense of self efficacy,44 a measure of need of cogni-
tion,45 and a self-report measure of personality,46

including self-ratings of subjective experiences to
estimate emotional stability, conscientiousness,
agreeableness, extraversion, and openness to
experience.

The scales were translated into Spanish and
back-translated by 2 skilled translators.6 The Ethics
Committee of the University of Granada approved
the method, and all participants were compensated
with credits and consented to participation. There
were no time constraints.

Results and Discussion

Basic attributes

The distribution of the SGL scores was approxi-
mately normal; scores in the OGL scale showed
moderate negative skew (see Table 3).

Reliability

Cronbach’s alphas of the scales indicated internal
consistency. The test-retest analysis showed consid-
erable self-report stability.

Validity

The SGL scale was highly correlated with the
OGL scale, showing convergent validity. SGL was
also moderately correlated with SN, ON, and self-
efficacy, suggesting that these constructs share
some common ability elements. In contrast, SGL
was not correlated with need of cognition or person-
ality traits, providing evidence of discriminant
validity. Both SGL and SN predicted OGL when
they were included as single predictors in regres-
sion models (b = .58, t170 = 9.29, P = 0.0001 and b =
.28, t170 = 3.83, P = 0.0002 for SGL and SN, respec-
tively). When SGL and SN were included as com-
peting predictors, the effect of SN on OGL became
unreliable and nonsignificant (b = .58, t169 = 8.10,
P = 0.0001 and b = 2.01, t169 = 2.10, P = 0.94 for
SGL and SN, respectively), indicating that all of
SN’s explanatory power was already measured by
and shared with SGL.

Additional Validation Studies

As a means of out-of-sample validation, we
sought to assess the extent to which predictive
validity generalized to large samples of people who
varied widely in their skills (e.g., physicians and
patients) who also had diverse cultural back-
grounds. Study 3 estimated the ability of the SGL
scale to predict preferences for receiving and com-
municating health risks using graphs and reported
clinical behavior. Study 3 also investigated emo-
tional reactions toward the SGL scale. Study 4 exam-
ined predictive accuracy for estimations of risk
reduction and psychological mechanisms involved
in SGL.

STUDY 3

Participants

Participants were 175 active surgeons from 48
countries and 175 patients from 2 hospitals in the
cities of Jaen and Granada (Spain). Seventeen sur-
geons and 24 patients did not answer all the ques-
tions or did not complete the study in a timely
manner. These participants were excluded from
analyses (cf. study 1). The final sample included
158 surgeons and 151 patients.

Surgeons were recruited by announcing the
study on the webpage of the AO Foundation (see
aofoundation.org). To participate, surgeons had to
be fluent in English as all materials were presented
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in this language. On average, surgeons were 42
years of age (range, 29–69 years), with 16 years of
experience (range, 2–30 years); 90% were male;
34% were European, 32% were American, 25%
were Asian, and the rest (9%) were African or
Oceanian. Surgeons did not receive any compensa-
tion for participation.

Patients were recruited by the first author before
treatment consultation. To be eligible for recruit-
ment, patients had to have no previous formal med-
ical training and be fluent in Spanish as all
materials were presented in this language. Patients
were not included if they had significant sensory
impairment. On average, patients were 60 years of
age (range, 30–80 years); 23% were male, 93% were
Spaniards, and 49% had a chronic condition.
Patients were educationally diverse, with 51% and
35% having no more than a high school degree or
less than a high school degree, respectively.
Fourteen percent had some college education.
Patients received 5e for participating in the study.

Materials and Procedure

Participants completed a 3-part computer-based
questionnaire. In the first part, participants pro-
vided demographic information and completed the
5-item version of the SGL scale, the OGL scale,10

and the Berlin Numeracy Test.11 In addition, half of

the participants answered the following 3 questions
about their emotional reaction to the SGL scale,
using 7-point sales: 1) To what extent did you enjoy
answering the questions included in the scale, 2) to
what extent did the questions in the scale make you
feel stressed, and 3) to what extent did the ques-
tions in the scale make you feel frustrated (see
Fagerlin and others33 for a similar procedure)? The
other half of the participants answered the same
questions about their emotional reactions to the
OGL scale. Answers to question 1 were reversed
and combined with questions 2 and 3 for a compo-
site score (Cronbach’s a = .81).

In the second part of the questionnaire, surgeons
(patients) had to imagine that they were reading a
paper in a medical journal (a brochure about health)
that included a graph reporting results. On 6-point
scales, they indicated 1) whether they would read
the text or the graph first and 2) whether they pre-
ferred to use numbers or graphs when they communi-
cated health-relevant risk information to their
patients (other people). On 6-point scales, they also
indicated 3) whether they typically used numbers or
graphs when they communicated health-relevant risk
information to their patients (other people). The third
part of the questionnaire is described in Study 4.

The materials were developed in English and
were translated into Spanish and back-translated by
2 skilled translators. The Ethics Committee of the

Table 3 Basic Attributes and Psychometric Properties of the Scales in Study 2

OGL Scale SGL Scale

Basic attributes Mean 10.19 19.09
Standard deviation 1.50 4.89
Skewness 2.77 .19

Reliability Cronbach’s a .61 .87
Test-retest .68 .86

Convergent validity Correlation with scores in OGL .58*
Discriminant validity Correlation with scores in

ON .47* .31*
SN .28* .49*
Self-efficacy .16* .24*
Need of cognition .12 .05
All personality traits .02 2.07

Stability 2.08 2.08
Conscientiousness .07 .02
Agreeableness 2.03 2.09
Extraversion 2.01 2.07
Openness to experience .09 .05

Note: OGL, objective graph literacy; ON, objective numeracy; SGL, subjective graph literacy; SN, subjective numeracy.
*P \ 0.05.
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University of Granada approved the method, and all
participants consented to participation. There were
no time constraints.

Results and Discussion

Basic attributes and reliability

Compared to the OGL scale, both surgeons and
patients reported less negative emotional reactions
toward the SGL scale (t156 = 6.86, P = 0.001, and
t149 = 6.64, P = 0.001) and took less time to complete
it (t157 = 247.04, P = 0.001, and t150 = 284.08, P =
0.001; see Table 4). Scores on the SGL scale were
normally distributed in patients and showed only
trivial negative skew in surgeons. Scores in the OGL
scale showed slight negative skew in patients and
moderate negative skew in surgeons. Cronbach’s
alphas indicated satisfactory internal consistency.

Validity

Both the SGL and the OGL scales predicted pre-
ferences for receiving and communicating health-
relevant risk information using graphs, revealing
reliable predictive validity (Table 4). SGL was a
stronger predictor of preferences for receiving infor-
mation than OGL, accounting for 98% and 32% of
the total variance explained by a full regression
model, respectively (with SGL, OGL, and ON as
competing simultaneous predictors). SGL was also
a stronger predictor than OGL in preferences for
communicating information, accounting for 89% v.
41% of the total variance explained by the full
model, respectively. Moreover, SGL explained a
substantial portion of additional variance in these
preferences after controlling for OGL (see Table 4).
In contrast, OGL did not explain any unique var-
iance after controlling for SGL (incremental F1,306 =
.784, P = 0.377, and F1,306 = 1873, P = 0.172 for pre-
ferences for receiving and communicating informa-
tion, respectively, when OGL was added to the
model). Both SGL and OGL also predicted which
format surgeons and patients used when communi-
cating health-relevant risk information, accounting for
63% and 78% of the total variance explained by the
full model, respectively (incremental F1,306 = 10.809,
P = 0.001 when SGL was added to the model).

STUDY 4

This study investigated the degree to which the
SGL scale predicts accuracy of estimations of risk

reduction. Participants received information about
the risk of suffering a side effect after 2 alternative
medical interventions. The risk was reported in
samples of patients of different sizes (e.g., 190
patients were allocated to one intervention and 230
patients were allocated to the other intervention).
Computing or otherwise representing proportions of
affected patients within each intervention group
allows accurate risk reduction estimations.47 In con-
trast, considering absolute numbers of patients who
suffer the side effect (rather than proportions)
within each intervention group would produce
inaccurate estimations.18,48

Study 4 also investigated the underlying psycho-
logical mechanisms involved in SGL. Higher levels
of general abilities are often associated with differ-
ences in metacognition (e.g., thinking about
thinking, self-assessment of risk comprehension,
overconfidence), which can gives rise to more
skilled and informed decision making.49 Cognitive
abilities such as numeracy tend to predict overcon-
fidence, independent of accuracy (i.e., more numer-
ate individuals show more appropriate confidence
levels even when their other judgments are not cor-
rect).50 Appropriate confidence levels also predict
the accuracy of risk understanding51 and can med-
iate the relationship between numeracy and super-
ior decision making.28,50 Accordingly, in study 4,
we investigated whether differences in SGL predict
differences in appropriate confidence (i.e., confi-
dence calibration). We also investigated whether
confidence calibration explains, at least partially,
the effect of SGL on accuracy of graphically pre-
sented risk information.

Participants

This study employed the same sample of partici-
pants used in study 3. Demographics and character-
istics of the sample are reported above.

Materials and Procedure

Participants were presented with a medical sce-
nario. The scenario described the results of a rando-
mized controlled trial testing side effects of a new
type of anesthesia in patients who underwent sur-
gery. Participants were provided with information
about the risk of suffering postoperative deep vein
thrombosis in 2 randomly selected groups of
patients who underwent total hip replacement. One
group of 190 patients was allocated to general
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Table 4 Basic Attributes and Psychometric Properties of the Scales in Studies 3 and 4

OGL Scale SGL Scale

Surgeons Patients Surgeons Patients

Basic attributes Length 9 min 30 s 9 min 50 s 48 s 59 s
Mean 10.63 7.87 19.87 18.34
Standard deviation 2.40 2.67 5.94 4.57
Skewness 2.80 2.27 2.43 2.03
Emotional reaction 3.51 3.70 2.25 2.43

Reliability Cronbach’s a .76 .94 .70 .86
Convergent validity Correlation with scores in OGL .37* .55*
Predictive validity Preferences for receiving information

Mean estimation (SEM)
First quartile 3.28 (.30) 3.38 (.32) 3.15 (.24) 3.07 (.29)
Second quartile 4.16 (.35) 3.32 (.34) 4.05 (.25) 3.68 (.29)
Third quartile 4.51 (.24) 4.10 (.30) 3.83 (.35) 4.25 (.33)
Fourth quartile 3.91 (.21) 4.44 (.24) 5.00 (.17) 4.74 (.24)

Standardized b coefficients (SEb)
As single predictor .17* (.08) .26* (.08) .38* (.07) .34* (.08)
With SGL/OGL .04 (.08) .10 (.09) .37* (.08) .29* (.09)
With ON .15 (.08) .25* (.08) .37* (.08) .34* (.08)
With all factors .06 (.08) .10 (.09) .33* (.08) .28* (.09)

Preferences for communicating information
Mean estimation (SEM)

First quartile 2.63 (.23) 2.31 (.28) 2.61 (.19) 2.30 (.20)
Second quartile 2.66 (.29) 2.68 (.27) 2.69 (.22) 2.66 (.25)
Third quartile 2.71 (.16) 3.07 (.26) 3.07 (.32) 3.41 (.29)
Fourth quartile 3.58 (.22) 3.33 (.22) 3.83 (.21) 3.47 (.26)

Standardized b coefficients (SEb)
As single predictor .20* (.08) .24* (.08) .31* (.08) .30* (.08)
With SGL/OGL .09 (.08) .11 (.09) .27* (.08) .24* (.09)
With ON .14 (.08) .24* (.08) .27* (.08) .29* (.08)
With all factors .06 (.08) .11 (.09) .25* (.08) .23* (.09)

Reported behavior
Mean estimation (SEM)

First quartile 2.56 (.22) 1.83 (.16) 2.72 (.17) 1.93 (.12)
Second quartile 2.72 (.25) 1.97 (.12) 2.69 (.19) 2.03 (.17)
Third quartile 2.68 (.16) 2.65 (.24) 3.07 (.30) 3.13 (.25)
Fourth quartile 3.60 (.19) 2.88 (.18) 3.50 (.22) 2.74 (.21)

Standardized b coefficients (SEb)
As single predictor .25* (.08) .33* (.08) .27* (.08) .32* (.08)
With SGL/OGL .17* (.08) .22* (.09) .21* (.08) .20* (.09)
With ON .22* (.08) .33* (.08) .25* (.08) .32* (.08)
With all factors .16 (.08) .22* (.09) .20* (.08) .20* (.09)

Accuracy of estimations (numerical information)
Mean absolute distance (SE) to correct value

First quartile .15 (.01) .22 (.04) .13 (.03) .21 (.02)
Second quartile .23 (.04) .20 (.02) .14 (.04) .20 (.06)
Third quartile .15 (.04) .17 (.04) .11 (.03) .23 (.05)
Fourth quartile .08 (.02) .27 (.06) .13 (.05) .25 (.07)

Standardized b coefficients (SEb)
As single predictor 2.14 (.12) .04 (.11) .01 (.12) .07 (.11)
With SGL/OGL 2.16 (.12) 2.01 (.14) .05 (.12) .08 (.14)
With ON 2.10 (.11) .07 (.11) .14 (.11) .10 (.11)
With all factors 2.14 (.11) .01 (.14) .17 (.12) .10 (.14)

(continued)
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anesthesia, while another group of 230 patients
received a new type of anesthesia. The new type of
anesthesia had a relative risk reduction of 36%. The
task involved realistic risk as information was taken
from a published study.52

Participants were randomly assigned to 1 of 2
information format conditions. In the numerical
condition, they were told, ‘‘52 of 190 patients allo-
cated to general anesthesia suffered postoperative
deep vein thrombosis. Compared to the group allo-
cated to general anesthesia, 40 of the 230 patients in
the group allocated to the new type of anesthesia
suffered postoperative deep vein thrombosis.’’ In
the visual condition, participants received the same
information represented via an icon array (see
Figure 1).

The dependent variables included estimations of
risk reduction (both in percentages and frequencies)
and confidence. First, participants were asked to
infer by what percentage the risk of suffering deep
vein thrombosis was reduced when patients
received the new type of anesthesia (question 1
[Q1]). Second, participants reported how confident
they were about their answers to Q1, on a 7-point
scale (question 2 [Q2]). Finally, participants
answered the following 2 questions: How many of
1000 patients might have suffered postoperative
deep vein thrombosis if they were allocated to gen-
eral anesthesia (question 3 [Q3]), and how many of
1000 patients might have suffered postoperative
deep vein thrombosis if they were allocated to the
new type of anesthesia (question 4 [Q4])?

Data Analysis

By subtracting Q4 from Q3 and dividing it by Q3,
we computed estimations of risk reduction in fre-
quencies.12 We then computed the absolute differ-
ence between these estimations and the correct
value (i.e., accuracy of estimations of risk reduction
in frequencies). Second, we computed the absolute
difference between answers to Q1 and the correct
value (i.e., accuracy of estimations of risk reduction
in percentages). Finally, we computed judgment
calibration bias as the difference between confi-
dence (Q2) and accuracy of estimations of risk
reduction in percentages (Q1).28,50

We analyzed the SGL and OGL scales with
respect to their ability to identify participants who
would benefit from graphical representations of
health risks. We conducted multiple regression
analyses with accuracy of estimations of risk reduc-
tion in frequencies (Q3 and Q4) as a dependent vari-
able when the information was presented either
numerically or visually. We investigated whether
judgment calibration bias was related to individual
differences in SGL and OGL. We also investigated
whether judgment calibration bias explained the
effect of SGL and OGL on accuracy of graphically
presented risk information. We conducted media-
tional analyses with SGL and OGL as predictors,
accuracy of estimations of risk reduction in fre-
quencies (Q3 and Q4) as the criterion, and judg-
ment calibration bias as a potential mediator (Q1
and Q2).

Table 4 (continued)

OGL Scale SGL Scale

Surgeons Patients Surgeons Patients

Accuracy of estimations (visual information)
Mean absolute distance (SE) to correct value
First quartile .16 (.03) .30 (.07) .16 (.03) .23 (.05)
Second quartile .09 (.03) .14 (.03) .11 (.03) .17 (.03)
Third quartile .03 (.02) .09 (.02) .04 (.02) .03 (.01)
Fourth quartile .01 (.01) .03 (.02) .01 (.01) .02 (.01)
Standardized b coefficients (SEb)

As single predictor 2.54* (.09) 2.52* (.11) 2.50* (.10) 2.48* (.11)
With SGL/OGL 2.39* (.10) 2.38* (.11) 2.31* (.10) 2.31* (.11)
With ON 2.43* (.10) 2.52* (.10) 2.42* (.09) 2.45* (.11)
With all factors 2.29* (.10) 2.40* (.11) 2.29* (.10) 2.27* (.11)

Note: OGL, objective graph literacy; ON, objective numeracy; SGL, subjective graph literacy; SN, subjective numeracy.
*P \ 0.05.
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Results and Discussion

Accuracy of estimations of risk reduction was
similar in more and less graph-literate participants
when the risk information was provided in numbers
(see Table 4). In contrast, when the risk information
was represented visually, participants with moder-
ate or high SGL and participants with moderate or
high OGL provided more accurate estimations than
those with low SGL or OGL. We included SGL,
OGL, and ON as competing predictors in a series of
regression models. The unique predictive power of
the SGL was found to be substantial, accounting for
63% of the total variance explained by a full regres-
sion model (incremental F1,145 = 12.244, P = 0.001
when SGL was added to the model; cf. 78% unique
variance for the OGL). Mediational analyses were
consistent with the hypothesis that SGL is partially
independent yet also robustly related to OGL (see
Figure 2), indicating that most people have some
general understanding of how graph literate they
are.

Both SGL and OGL were robustly related to judg-
ment calibration bias when they were included as
single predictors in regression models (b = 2.32,
t146 = 24.08, P = 0.001 and b = 2.20, t146 = 22.51,
P = 0.013, respectively), with more graph-literate
surgeons and patients showing less bias. When SGL
and OGL were included as competing predictors,
the effect of OGL on judgment calibration bias
became unreliable and nonsignificant (b = 2.05,
t145 = 2.52, P = 0.61 and b = 2.29, t145 = 23.18, P =
0.002 for OGL and SGL, respectively) indicating
that all of OGL’s explanatory power was already
measured by and shared with SGL. When judgment
calibration bias was included in the regression anal-
ysis, the effect of SGL on estimation accuracy was
reduced (b = 2.19, t144 = 22.44, P = 0.02). The
result of the Sobel test53 indicates that judgment
calibration bias partially mediated the influence of
SGL on estimation accuracy (z = 22.61, P = 0.009).

GENERAL DISCUSSION

We developed and evaluated the SGL scale, a
brief and reliable instrument that predicts graph
comprehension by measuring people’s judgment
about their own ability to interpret graphs. In 4
studies using diverse samples from different cul-
tures, we found robust reliability and validity that
were generally comparable to that of the well-estab-
lished OGL scale developed by Galesic and Garcia-
Retamero.10 Comparative analyses revealed that the

Figure 1 Icon array representing numerical information about

risk reduction.

Figure 2 Path analyses of the effect of subjective graph literacy

and objective graph literacy on accuracy of estimations of risk
reduction (absolute distance to the correct value) and the media-

tional effect of judgment calibration bias when the risk informa-

tion was provided visually. Standardized coefficients are shown.

*P \ 0.05.
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SGL scale tends to achieve a high level of psycho-
metric performance while limiting test anxiety and
improving assessment of risk communication pre-
ferences. The SGL scale also takes less than 10% of
the time of the objective test (i.e., less than 1 minute
on average).

Psychometric Properties of the Subjective Graph
Literacy Scale

The SGL scale is well suited for estimating
perceptions of graph comprehension and can be
used to predict objective skills and decision per-
formance (i.e., whether people are able to extract
data and meaning from graphical representations).
Convergent validity was established showing high
correlations with the OGL scale.10 Discriminant
validity was established by showing moderate cor-
relations with SN, ON, and self-efficacy,11,33,44 sug-
gesting that these constructs share some common
ability elements. Discriminant validity analysis also
showed that SGL was not systematically tied to
unrelated subjective judgment of other psychological
factors (i.e., need of cognition and personality).45,46

Predictive validity was estimated by showing that
the SGL scale offered both robust and unique predic-
tive performance (i.e., independent of OGL), predict-
ing preferences for receiving and communicating
health-relevant risk information using graphs, and
predicting self-reported behavior (i.e., information
use). Predictive validity was also estimated by show-
ing that the SGL scale predicted accuracy of perfor-
mance in tasks involving interpretation of graphs in
health risk communication—an essential aspect of a
valid graph literacy assessment.

The evaluation and validity assessment of the
SGL was based on a variety of studies conducted in
diverse groups of people, including the general
public, young adults, doctors, and patients from 30
to 80 years of age. Our analyses included samples of
people from 48 different countries. These groups of
people have different cultural backgrounds, educa-
tion levels, languages, governments, and health
systems. In addition, our studies examined risk com-
munication in ecologically valid tasks that accurately
reproduced the problems that people commonly
encounter when they make health decisions. These
ecological studies covered many topics, including
estimations of health risk and risk reduction, confi-
dence, emotional reactions, preferences for receiving
and communicating health-relevant risk information,
and self-reported health-relevant behavior.

Emerging Applications in Clinical Research and
Practice

People from different cultures often have prob-
lems understanding health-relevant risks.6,54

Previous research indicates that well-designed
visual aids are often effective decision support tools
when communicating these risks, so long as people
have moderate levels of graph literacy.9,10,16–19 The
current research extends this literature in several
ways. Results suggest that the SGL scale may be
useful as a quick and simple measure of graph lit-
eracy in clinical research and practice, reducing
respondents’ burden while providing significant
predictive validity. Theoretically, the OGL scale
will likely offer slightly improved predictive perfor-
mance in some contexts and may thus be better
suited for certain applications. However, in clini-
cally oriented applications, the extra time required
and the increases in participants’ anxiety caused by
objective tests should make the subjective test a
better choice (see Fagerlin and others33 and
Zikmund-Fisher and others34 for a similar conclu-
sion). In short, the SGL scale provides an effective
balance between precision and usability that is well
suited to the needs of clinical researchers. The SGL
scale might also be useful for telephone and Internet
surveys38,55 and for designing interactive web pages
and interventions with custom-tailored information
that can be adaptively delivered according to partici-
pants’ skills (e.g., ‘‘please answer one question so
that we can present easier-to-understand information
about your recent diagnosis’’).

The current research also converged with a grow-
ing body of work showing that visual aids tend to
offer benefits that are robust to culturally varia-
tions.5 This finding is particularly noteworthy given
the increasingly globalized scope of science, includ-
ing evidence-based medicine and associated risk
communication practices. The robustness of trans-
parent visual aids can be further improved with
skills assessments and small-scale validation stud-
ies (e.g., using the SGL to assess graph reading level
the same way numeracy tests are used to assess risk
literacy or ‘‘risk reading levels’’ needed to interpret
and understand common risk communications).

Cognitive Mechanisms of Subjective Graph
Literacy

The theoretical construct of SGL is well charac-
terized as primarily reflecting differences in 1)
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objective graph skills and 2) metacognition (e.g.,
overconfidence, effective deliberation, self-knowl-
edge, self-reflection), whereas OGL appears to be
more tightly linked to objective graph skills, as
documented in study 4. In this study, more skilled
individuals (with moderate/high OGL or SGL)
showed less bias and more accurate estimations of
their performance. However, only SGL was a reli-
able predictor of bias when both OGL and SGL were
used as competing predictors, suggesting that SGL
shares all the variance related to OGL skills as well
as assessing unique variance associated with other
metacognitive factors. Results also suggest that con-
fidence calibration (i.e., reduced overconfidence/
underconfidence) partially mediates the effect of
SGL on accuracy of interpretations of graphically
presented risk information. Confidence calibration
tends to be related to differences in deliberation
during decision making,56 wherein more calibrated
individuals often spend more time evaluating task-
relevant information, thereby improving their
memory for that information57–59 and enabling more
complex representation and reasoning (e.g., people
who are overconfident often fail to check their
assumptions or understanding).11,28 Supplemental
analyses of the results of study 4 further support
these hypotheses, indicating that individual differ-
ences in SGL can be modeled as resulting from both
skilled understanding of graphs (i.e., OGL; b = .42,
t305 = 7.78, P = 0.001) and differences in metacogni-
tion (i.e., overconfidence bias; b = 2.18, t305 =
23.55, P = 0.001). In contrast, SGL scores were
largely independent of skilled understanding of
numerical information (i.e., ON; b = .10, t305 = 1.85,
P = 0.07). That is, there was no effect of ON above
and beyond its influence on OGL.

Limitations, Open Questions, and Future Research

Reviewers have suggested that the main limita-
tion of the SGL scale derives from the item selection
process. That is, the scale is only based on the best
10 of the initial 45 candidate items generated by our
expert panel. It is possible that other items could
perform better in various ways. The selection of the
final 5 questions was also based on item-total corre-
lations, which led to an emphasis on subjective
ability questions, which were highly correlated
with each other, rather than assessment of subjec-
tive preference items. As is appropriate for all
scales, future research will need to consider
whether alternate sets of items measure various

aspects of SGL more efficiently. Generally, results
indicate that the current SGL scale provides a rela-
tively robust, simple, and reliable tool for research-
ers and clinicians who want to quickly assess broad
differences in graph literacy in culturally and demo-
graphically diverse samples.

Most standards for informed decision making
hold that people should be able to deliberate about
risks and consequences of their decisions in the
light of their own values. That is, informed decision
making generally requires representative risk com-
prehension. The current research showed for the
first time that some aspects of the quality of one’s
deliberation in naturalistic risk evaluation can be
robustly predicted by differences in SGL (i.e., meta-
cognitive variables such as confidence calibration).
Individual differences in SGL and OGL and their
effect on risk comprehension may also shape the
expression of decision-relevant factors such as anxi-
ety, motivation, and general care or deliberation (e.g.,
reading and estimation latency). Future research can
test these hypotheses using cognitive process tracing
assessments (e.g., reaction times, functional magnetic
resonance imaging, eye tracking, and think-aloud pro-
tocols).58,60 These process-level assessments are
essential components of test development and con-
struct validation that help eliminate test bias and
inform test and training development (i.e., mapping
cognitive and affective processes that cause perfor-
mance differences).11,61,62 Although there is some
research investigating individual differences in
OGL,22,24 beyond the current results, we know of no
other cognitive process-oriented study on SGL or its
relations to judgment and decision making.

Efficient design of decision support technologies
requires considerable attention to the fit between
people’s skills, strategies, and environments (i.e., an
interacting systems perspective).57,63 The easy to
use 1-minute subjective graph literacy assessment
may be particularly useful when trying to quickly
identify people who may benefit from various inter-
ventions with graphs (e.g., what types of decisions
require more and less graph literacy). This kind of
personalization is a cornerstone of efficient custom-
tailored risk communication (for recent reviews,
see Garcia-Retamero and Cokely5,64 and Garcia-
Retamero and Galesic6). Future research may also
identify suitable strategies for communicating
health risks to patients who are not graph literate.
Ongoing work using analogies from people’s every-
day lives shows that these analogies are relatively
undemanding in terms of graph literacy and numer-
acy, and they tend to be effective as well.65
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Encouraging elaborative information processing
by including reflective questions about graphs
followed by accuracy feedback or using simple
explanations to convey the meaning of important
information in graphs has also been helpful for
improving graph understanding in people with low
graph literacy.21

Considering the role of graph literacy in other
domains (e.g., education, economics, finance, cli-
mate science, and engineering),10 we see many
opportunities to leverage the SGL scale for research
and educational benefit. Future research might
investigate SGL in other health professionals (e.g.,
nurses), in business and legal professionals, and in
larger samples of at-risk or underserved populations
(e.g., minorities or rural community members).
Based on the strength of the current findings, we
predict that the SGL scale will prove to be an effi-
cient assessment that often matches and sometimes
outperforms longer, objective tests.
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