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Background. Visual displays are often used to communi-
cate important medical information to patients. However, 
even the simplest graphs are not understood by everyone. 
Objective. To develop and test a scale to measure health-
related graph literacy and investigate the level of graph 
literacy in the United States and Germany. Design. 
Experimental and questionnaire studies. Setting. 
Computerized studies in the laboratory and on probabilis-
tic national samples in the United States and Germany. 
Participants. Nationally representative samples of people 
25 to 69 years of age in Germany (n = 495) and the United 
States (n = 492). Laboratory pretest on 60 younger and 60 
older people. Measurements. Psychometric properties of 
the scale (i.e., reliability, validity, discriminability) and 
level of graph literacy in the two countries. Results. The 
new graph literacy scale predicted which patients can 
benefit from visual aids and had promising measurement 

properties. Participants in both countries completed 
approximately 9 of 13 items correctly (in Germany, x– = 9.4, 
s = 2.6; in the United States, x– = 9.3, s = 2.9). Approximately 
one third of the population in both countries had both 
low graph literacy and low numeracy skills. Limitations. 
The authors focused on basic graph literacy only. They 
used a computerized scale; comparability with paper-
and-pencil versions should be checked. Conclusions. 
The new graph literacy scale seems to be a suitable tool 
for assessing whether patients understand common 
graphical formats and shows that not everyone profits 
from standard visual displays. Research is needed on 
communication formats that can overcome the barriers 
of both low numeracy and graph literacy. Key words: 
patient decision making; risk communication; risk per-
ception; shared decision making; education. (Med Decis 
Making 2011;31:444–457)

Graph Literacy: A Cross-Cultural Comparison

Mirta Galesic, PhD, Rocio Garcia-Retamero, PhD

Graph literacy, or the ability to understand graph-
ically presented information, is essential in 

everyday life: graphs are ubiquitous in newspapers 
and magazines, on television, and on the Internet. 
Graphs often provide important information for 
medical, financial, nutritional, and political choices. 

Recent studies have shown that graphical displays—
bar charts, pie charts, line plots, and icon arrays—
can improve understanding of the risks and benefits 
associated with medical treatments, screenings, and 
lifestyles.1–3 For example, icon arrays help people 
with low numeracy skills to understand treatment-
related risk reductions.4–6 They can also promote 
consideration of beneficial treatments that have side 
effects7 and limit the biases induced by anecdotal 
narratives.8

However, even the simplest graphs may be diffi-
cult to understand for many people. Bar charts, pie 
charts, and line plots were first used in the late 18th 
and early 19th centuries. William Playfair, an econo-
mist and author of Commercial and Political Atlas 
(1786) and Statistical Breviary (1801), first used 
those graphical formats.9,10 Icon arrays are even more 
recent: they began to be widely used only in the 
early 20th century, when Otto Neurath (1882–1945), 
a philosopher, economist, and a prominent member 
of the Vienna Circle, used them to explain complex 
social and economic statistics to uneducated 
Viennese.11 In other words, in most of human history, 
there were no graphical representations of statistical 
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information—at least not in the formats that are 
ubiquitous today. Therefore, there is no immediate 
reason that people should understand such graphs 
intuitively. For example, although pie charts are 
used very frequently to communicate various statis-
tical facts, the scientific evidence about their useful-
ness is equivocal.10,12,13

The first aim of this article is to develop a scale 
that can be used to assess the graphical literacy 
skills needed to understand risks in the health 
domain. To date, graph understanding has not been 
assessed by any health literacy instrument.14 Within 
national assessments of literacy,15 only a few docu-
ment literacy questions investigate selected aspects 
of graph comprehension, but most of these items are 
relatively complex and require an advanced under-
standing of graphs. In a similar vein, Kramarski and 
Mevarech developed a 36-item Graph Interpretation 
Test16 to investigate the effects of different instruc-
tional methods on the ability of eighth-grade stu-
dents to interpret graphs in general. However, their 
test is not embedded in the health domain, is too 
long to be used in clinical practice, is focused mostly 
on line graphs, and involves questions that require 
relatively advanced graph interpretation skills. 
Therefore, we have constructed a new graphical 
literacy scale that a) investigates both basic 
graph-reading skills and more advanced graph com-
prehension, b) involves examples of different types 
of graphs, c) is embedded in the context of medical 
decisions, and d) is brief enough for use in everyday 
clinical practice.

The second aim of our article is to investigate the 
extent and distribution of graph (il)literacy on prob-
abilistic national samples in the United States and 
Germany—two countries with very different educa-
tional and medical systems. It is known that a sig-
nificant part of the general population has problems 
understanding numerically presented statistical 
data, particularly lower educated people.17,18 The 
same may hold for understanding of graphs. Indeed, 
a portion of the population may have problems with 
understanding both numerically and graphically 
presented information. To promote informed medi-
cal decision making, it is important to identify these 
people and either train them to understand existing 
forms of graphs or offer them representations that 
can be understood without training.

In what follows, we first describe the develop-
ment and evaluation of the new graph literacy scale. 
We then report on the level of graph literacy in the 
United States and Germany.

DEVELOPMENT OF THE GRAPH LITERACY 
SCALE

To determine which items to include in our graph 
literacy scale, we started from the traditional divi-
sion of graph comprehension skills on 3 levels.9 On 
the first level, one should have the ability to read the 
data, that is, to find specific information in a graph. 
For example, one should be able to read the height 
of a particular bar within a bar chart or the number 
of icons of a particular type in an icon array. On the 
second level, one should be able to read between the 
data, that is, to find relationships in the data as 
shown on a graph. For instance, one should be able 
to read the difference between 2 bars or sets of icons 
or sum up several slices on a pie chart. The highest 
level of graph comprehension is reflected in the abil-
ity to read beyond the data, or make inferences and 
predictions from the data. For example, one should 
be able to project a future trend from a line chart, 
understand the importance of attending to scale 
ranges and scale labels when comparing 2 charts, 
and use the existing labels to interpolate scale labels 
that are missing. For examples of items measuring 
each of the 3 skills, see Figure 1.

Following this classification, we developed the 
42 items included in the initial scale. In creating 
these items, we were guided by several principles. 
First, we embedded all graphs in a medical con-
text—each presented data that patients could real-
istically encounter when making health-related 
decisions. For example, we included tasks dealing 
with the communication of medical risks, treatment 
efficiencies, prevalence of diseases, and so on. 
Second, we designed items to cover 4 frequently 
used graph types—line plots, bar charts, pies, and 
icon arrays.1–3,12 Third, we varied the complexity of 
graphs by changing the number of data series dis-
played on the same graph (1, 2, or 3) and whether 
the data were unidimensional or bidimensional.

Participants

We pretested the initial version of the scale on 
convenience samples of 60 German students (33 
women, mean age 24.8 years) and 60 German older 
people (31 women, mean age 67.0 years, 31 with 
high school and 29 with college education), recruited 
from the pool of participants maintained by the Max 
Planck Institute for Human Development in Berlin. 
They were compensated at 10 euros per hour.



446   •   MEDICAL DECISION MAKING/MAY–JUN 2011

GALESIC, GARCIA-RETAMERO

Procedure

The scale was administered on computers in our 
laboratory. Besides the newly developed, 42-item 
graphical literacy scale, we also administered sev-
eral previously developed items to evaluate conver-
gent validity. These items investigated several 
aspects of graph comprehension, including reading 
the data, reading between the data, and reading 
beyond the data.9 We selected items from 
the International Adult Literacy Survey (IALS),19 
the National Assessment of Adult Literacy  

(NAAL),20 and the Program for International Student 
Assessment (PISA).21 We also included 2 items from 
the Kramarski and Mevarech Graph Interpretation 
Test16 and an additional unpublished item kindly 
shared with us by those authors. This last item mea-
sured the ability to recognize which of several 
graphs depicts the relationship between time and 
distance of a car traveling from one place to another 
and back.

Participants completed 2 additional measures 
that served to establish the divergent validity of the 
new graphical literacy scale. First, they completed 3 

Figure 1  Examples of tasks measuring 3 levels of graph comprehension. Level 1 is the ability to read the data. Level 2 is the ability to 
read between the data. Level 3 is the ability to read beyond the data.
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of the 4 items from the numeracy part of the short 
form of the Test of Functional Health Literacy.22 The 
excluded item (understanding the information on an 
appointment slip for a diabetic clinic) was judged to 
be too culturally and content specific. Second, par-
ticipants completed 4 numeracy items selected from 
Schwartz and others18 and Lipkus and others.23 Both 
scales included items designed to measure the basic 
numerical skills needed to understand statistical 
information.

Results

We evaluated the scale on several criteria: dura-
tion, discriminability (i.e., the ability to differentiate 
between those taking the test24), reliability, and 
validity.

Duration. The initial version of the graphical lit-
eracy scale took on average 21 minutes to complete  
(s = 8.0; median: 19 minutes). Older people took 
significantly longer to complete the scale compared 
to the students (x– = 27, s = 7.0 v. x– = 16, s = 4.1 min-
utes, respectively).

Discriminability. Participants completed from 10 
to 41 items correctly, with an overall mean of 34 cor-
rect items (students: 36 items; older adults: 31 
items). The probability of answering individual 
items correctly ranged from 10% to 99%, with a 
mean of 80%. The discriminability of items was 
higher among the older adults than among the stu-
dents.

Reliability. The correlations between individual 
items and the total score ranged from .07 to .63, with 
a mean of .38. Cronbach’s alpha was .85, indicating 
a satisfactory level of internal consistency.

Validity. The average correlation of the total score 
with the graph comprehension items taken from the 
existing literacy questionnaires was .44, indicating a 
satisfactory convergent validity. As for the divergent 
validity, the correlation with the test of functional 
literacy was .19, suggesting that it measures a differ-
ent type of skill. The correlation with the numeracy 
scale was relatively high at .51, suggesting that the 
same meta-cognitive abilities that lead to high numer-
acy scores also foster good graphical literacy skills.

EVALUATION OF THE GRAPH LITERACY SCALE

On the basis of the pretest results, we selected 13 
items to be included in the refined version of the 

scale. The items were chosen according to the fol-
lowing criteria: 1) discriminability (percent correct 
lower than 90%), 2) item-total correlation of at least 
.3, 3) correlation with existing graph comprehension 
items of at least .3, 4) representation of the 3 levels 
of graph comprehension (reading the data, reading 
between the data, and reading beyond the data) and 
different types of graphs (bar, pie, and line charts, as 
well as icon arrays), and 5) the scale had to be 
short—ideally not longer than 10 minutes—and effi-
cient, with each item measuring a somewhat differ-
ent aspect of graph literacy. The complete scale is 
given in Appendix A.

Participants

The final version of the scale was administered on 
probabilistic national samples of German and US 
populations from 25 to 69 years of age, within the 
project “Helping People with Low Numeracy to 
Understand Medical Information,” funded by the 
Foundation for Informed Medical Decision Making. 
The samples were chosen from large panels of 
households selected through probabilistic telephone 
surveys and equipped with Internet access in case 
they did not have it. These panels, maintained by 
the companies Forsa (Germany, 20,000 or 11% of 
initially contacted households) and Knowledge 
Networks (United States, 43,000 or 16% of initially 
contacted households), enable computerized survey-
ing over the Internet while facilitating generaliza-
tions from the data to the general population. Such 
panels have been used successfully in a number of 
studies in the areas of health and medicine, political 
and social sciences, and economics and public pol-
icy.25–29 Methodological studies have shown that 
data from such panels are comparable to the results 
obtained through traditional probabilistic sampling 
methods.30

Of the panel members who were invited to par-
ticipate in our study, 52% in Germany and 54% in 
the United States completed the questionnaire 
within the designated survey period (3 weeks). The 
survey was completed by 1001 participants in 
Germany and 1009 participants in the United States. 
Of those, a random half of the participants com-
pleted the graph literacy scale, resulting in 495 par-
ticipants in Germany and 492 participants in the 
United States, and are included in the analyses that 
follow. The other half completed different tasks 
related to understanding of numerical information. 
These results will be reported elsewhere.
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Characteristics of the 2 samples, compared with 
the official population estimates, are shown in Table 
1. According to official statistics, there are more 
highly educated people in the United States than in 
Germany. Consequently, lower educated people in 
the United States were oversampled to make sure 
that the subsamples of lower educated people, which 
were the focus of this project, were comparable 
between the countries. For all between-country com-
parisons, we used weights to achieve realistic pro-
portions of education groups. In the analyses that 
follow, unless otherwise stated, all results are based 
on the weighted data.

Procedure

The questionnaire was administered through the 
Web. Some respondents (64% in Germany and 62% 
in the United States) completed the questionnaire 
via personal computers, whereas the rest used 
WebTV with infrared keyboards. We checked 
whether this variable affected the results but did not 
find any differences between the 2 groups in either 
country.

We put special effort into making the German 
and English versions of the questionnaire compa-
rable. All questions were developed in English and 
edited by a native English speaker, translated into 
German by a native German speaker with excellent 
knowledge of English, back-translated into English 
by another person of equivalent language skills, 
and compared with the original English version. 

Any inconsistencies were resolved by a native 
German speaker and an excellent English speaker 
familiar with the research objectives. Finally, the 
English and the German versions were compared 
and edited by a bilingual German and English 
speaker who was raised simultaneously in both 
languages and who lived in both Germany and the 
United States for significant periods of time. When 
programming the questionnaire, special care was 
taken that the interface looked the same in both 
German and the US versions, including back-
ground color, number of questions on the screen, 
font color and size, and the design of the plausibil-
ity checks.

We also conducted 2 experiments to assess the 
predictive validity of the graph literacy scale. The 
experiments examined whether the graph literacy 
scale predicts usefulness of visual displays for peo-
ple who have problems understanding numerical 
information, reflected in their low numeracy scores. 
First, we presented information about reducing the 
risks of stroke (task 1) and heart attack (task 2) for 
patients with symptoms of arterial disease. In both 
tasks, respondents were presented with data from a 
fictitious study, in which one randomly selected 
group of 100 patients took a placebo, whereas 
another group of 100 patients took a fictitious drug 
named Vitarilen. The information was presented to 
randomly selected subgroups of respondents either 
only numerically or numerically with additional 
graphical displays in the form of bar charts (see 
Appendix B). We asked the participants to answer 

Table 1  Characteristics of the Sample Used for Evaluation of the Graph Literacy Scale

Germany (n = 495) United States (n = 492)

Sample Size 
(Unweighted)

Sample % 
(Weighted) Population %a

Sample Size 
(Unweighted)

Sample % 
(Weighted) Population %b

Male sex 254 50.3 49.9 236 48.4 49.2
Age (years)

  25–39 125 31.4 32.5 120 31.2 35.7
  40–54 210 39.0 39.9 194 40.6 38.3
  55–69 160 29.6 27.7 178 28.2 26.1
Education

  High school or less 393 74.1 72.3 356 44.5 44.6
  Some college or morec 102 25.9 27.7 136 55.5 55.4

a. Source: Statistisches Bundesamt Deutschland, Microcensus, 2007 (https://www-genesis.destatis.de/genesis/online; accessed September 15, 2008).
b. Source: US Census Bureau, Current Population Survey, 2008 Annual Social and Economic Supplement (http://pubdb3.census.gov/macro/032008/
perinc/toc.htm; accessed September 15, 2008).
c. In Germany, this category includes people with Abitur.
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how many of 1000 patients would have a stroke 
(task 1) or a heart attack (task 2) with and without 
Vitarilen.

Second, we assessed whether graph literacy 
was associated with the ability to use icon arrays 
to reduce denominator neglect (the focus on the 
number of treated and nontreated patients who 
died, without sufficiently considering the overall 
number of patients). We presented information 
about the risk of dying of a heart attack for people 
with high cholesterol with or without taking dif-
ferent fictitious drugs. Depending on the experi-
mental condition, the overall number of patients 
who took and who did not take the drugs was 
either the same (e.g., 100 for both groups) or dif-
ferent (e.g., 100 and 800), making it important to 
pay attention to both numbers to infer risk 
reductions accurately. The information was pre-
sented either only numerically or both numeri-
cally and visually using icon arrays (see Appendix 
B for the materials). Participants were asked what 
the percent reduction was in the number of deaths 
among people took the drug relative to those who 
did not.

The Ethics Committee of the Max Planck Institute 
for Human Development approved the methodology, 
and all participants consented to participation 
through an online consent form at the beginning of 
the survey.

Results

The final version of the graph literacy scale took 9 to 
10 minutes to complete (in Germany, x– = 9.2, s = 5.7; 
in the United States, x– = 10.1, s = 5.7) and had good 
measurement properties. When calculating partici-
pants’ results, we required exactly correct answers 
to all questions except for question Q7, where we 
allowed as correct all answers that fell between 23 
and 25.

Reliability. Cronbach’s alpha was .74 in Germany 
and .79 in the United States, and average item-
total correlations were .37 and .42 in Germany and 
the United States, respectively, indicating a satis-
factory level of internal consistency. Average cor-
relations between individual items were .19 in 
Germany and .23 in the United States, indicating 

Figure 2  Graph literacy skills among people with low and high numeracy skills, in the United States and Germany. Groups are defined 
by median split (for numeracy: 6 correct answers; for graph literacy: 9 correct answers).
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that each item measured a somewhat distinctive 
aspect of graph literacy. This is reflected in rela-
tively low internal consistencies of items testing 
each skill: .62, .48, and .45, for levels 1, 2, and 3, 
respectively.

Validity. The average correlation of the total 
score with education level was .29 in Germany and .54 
in the United States. As shown in Figure 2, the 
correlation with numeracy was also substantial (.47 in 
Germany and .55 in the United States). Correlation 
with the graph comprehension items from the existing 
literacy questionnaires was .32 in Germany and .50 in 
the United States, indicating satisfactory convergent 
validity. The existing items correlated most highly 
with items testing basic and moderately advanced 
graph literacy skills (“reading the data” and “reading 
between the data”; average correlation .36). The cor-
relation with items testing more advanced graph lit-
eracy skills (“reading beyond the data”) was lower but 
nevertheless substantial (.33).

PREDICTIVE VALIDITY OF THE GRAPH 
LITERACY SCALE

We describe here a portion of the results  
to illustrate the validity of the graph literacy 

scale; for more details, see Garcia-Retamero and 
Galesic.31

In the first experiment, we tested whether graph 
literacy predicts the usefulness of simple bar charts 
in interpreting risk reductions. Figure 3 presents 
the percentage of respondents who answered at 
least 1 of the 2 tasks correctly. As expected, respon-
dents whose numeracy was high compared to aver-
age were more likely to answer correctly than 
those with low numeracy. Critically, graphs were 
more helpful to the low-numeracy respondents 
who had high rather than low graph literacy. A 
similar trend is observed for the high-numeracy 
participants. Results were similar in both coun-
tries (in a logistic regression, the interaction of 
country, presence of graphs, and graph literacy 
was not significant).

In the second experiment, we tested the effect of 
graph literacy on the usefulness of another type of 
visual aid—icon arrays—in reducing denominator 
neglect when evaluating the benefits of medical 
treatments. Figure 4 shows the percentage of par-
ticipants who answered correctly. Again, high-
numeracy respondents were more likely to give the 
right answer. However, those low-numeracy respon-
dents who had higher graph literacy profited sig-
nificantly from the addition of icon arrays. 
Respondents with low numeracy and low graph 
literacy did not show improvement due to icons. As 
in experiment 1, these results were similar in both 
countries.

EXTENT OF GRAPH LITERACY IN THE UNITED 
STATES AND GERMANY

Participants in both countries completed approxi-
mately 9 of 13 items correctly (in Germany, x– = 9.4, 
s = 2.6; in the United States, x– = 9.3, s = 2.9). Table 
2 shows percentage of correct responses to each of 
the items. The items testing the ability to “read the 
data” were answered correctly by a large majority of 
participants in both countries. The items testing the 
2 more advanced skills—reading between the data 
and reading beyond the data—were more difficult. 
The most difficult item was the one that required 
noticing that it is not possible to compare the effec-
tiveness of 2 different drug treatments when the data 
are displayed on different charts with unlabeled 
axes (Q11). Only 20% of participants in the United 
States and 16% in Germany knew this. A similar 
item (Q10), testing the ability to notice that 2 differ-
ent graphs present the same data but use different 
scale ranges, produced a higher but still troubling 

Figure 3  Percentage of participants who answered correctly at 
least one of the tasks in experiment 1, with and without graphs, 
by numeracy and graph literacy groups (error bars are 95% con-
fidence interval [CI]).
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level of inaccuracy, with 66% of participants in the 
United States and 63% in Germany giving the cor-
rect answer.

Of particular concern for health communicators is 
that a significant portion of both populations has 
both low numeracy and low graph literacy skills. As 
Figure 2 shows, approximately one third of people 
in both countries are likely to have problems under-
standing both numerically presented information 
and standard visual displays.

DISCUSSION

We developed and evaluated a graph literacy 
scale to identify people who have problems under-
standing graphically presented information, par-
ticularly information related to health issues. The 
scale has promising psychometric properties and 
may be suitable for use in many clinical and 
research circumstances. The scale successfully 
identified people for whom graphically presented 
information may be very useful but also those 
who  are less likely to profit from visual aids. 

Among people with low numeracy skills, who are 
disadvantaged when it comes to grasping a host of 
numerical concepts that are prerequisites for under-
standing health-relevant risk communications,32 a 
significant portion (approximately one third) can 
be aided by means of standard visual displays. 
However, a large percentage of low-numeracy peo-
ple also have low graph literacy skills, and they 
may require either specially designed information 
formats that are undemanding in terms of both 
numeracy and graph literacy, such as analogies33,34 
or natural frequencies35 and/or additional training 
in the use of standard graphs.

We administered the scale on probabilistic 
national samples in Germany and the United States. 
In both countries, the scores were highest on items 
designed to measure the most basic graph compre-
hension skill: reading the data. On average, 85% of 
people in Germany and 86% in the United States 
answered these questions correctly. The 2 more 
advanced skills had significantly lower average 
scores: about two thirds of people in each country 
were able to answer these questions. Although 
these percentages may seem high, it is important to 
note that there are still significant parts of the popu-
lation that cannot perform elementary tasks involv-
ing very simple graphs. For example, 16% of 
Americans (12% of Germans) do not know what a 
quarter of a pie chart is in percentages (Q3). 
Similarly, 15% of people in the United States (17% 
in Germany) cannot read the height of a bar chart 
with fully labeled axes and gridlines as an addi-
tional help (Q1). These percentages translate into 
rather striking numbers when expanded to the total 
adult population 25 to 69 years of age in both coun-
tries. In addition, we found that graph literacy cor-
relates with education in both Germany and the 
United States. This result suggests that understand-
ing graphs is not entirely intuitive but requires a 
certain level of meta-knowledge about graphs 
acquired through formal education. The correlation 
of graph literacy and education was stronger in the 
United States than in Germany. This may be the 
result of differences in education systems, particu-
larly the stronger focus on math and science educa-
tion in Germany from an early age.36

By design, internal consistency and interitem 
correlations among graph items demonstrated con-
siderable heterogeneity, and the internal consisten-
cies of items testing each skill were low. To make 
the best use of the short time available for complet-
ing the scale, we designed an instrument that 

Figure 4  Percentage of participants who answered correctly in 
experiment 2, with and without graphs, by numeracy and graph 
literacy groups (error bars are 95% confidence interval [CI]).
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captured different aspects of graph literacy and 
contained no redundant items. On each skill level, 
we intentionally included items involving very dif-
ferent visual displays: bars, pies, lines, and icon 
arrays.

Although we designed items reflecting different 
levels of graph literacy, we did not aspire to design 
a Guttman scale24 because we wanted to keep the 
scale short and broad in scope. Understanding 
graphs includes a number of loosely related pro-
cesses, from perceptual and interpretative to inte
grative processes.37,38 It would be difficult to 
systematically test these processes on each skill 
level and for different types of graphs in the time 
available in most clinical and research settings. 
Therefore, we used the framework of different skill 
levels to select a diverse set of items rather than to 
systematically test all processes involved in each 
skill. Nevertheless, the majority of participants 
who answered more difficult items correctly (level 
3 skill) also answered the less difficult items well. 
For example, on average, of those who answered 
correctly an item on the third level of difficulty 
(read beyond the data), 90% answered correctly 
items on the first level (read the data), compared to 

only 73% of those who did not answer the level 3 
items correctly. Similarly, of those who gave cor-
rect answers to items on the second level of diffi-
culty (read between the data), 92% answered items 
on the first level correctly, compared to only 72% 
of those who did not answer the level 2 items cor-
rectly.

People with low graph literacy often have low 
levels of numeracy skills (Figure 2). In fact, ele-
mentary graph literacy measured by our test cor-
relates more highly with elementary statistical 
numeracy than with more advanced graph com-
prehension items (see section Development of the 
Graph Literacy Scale). Nevertheless, as we showed 
in experiments testing predictive validity of the 
scale, graph literacy predicts how helpful graphs 
are to people independent of numeracy. Graphs 
help low-numeracy people with relatively high 
graph literacy, but they do not help to those with 
low graph literacy. Furthermore, as Figure 4 shows, 
about a third of people who are below the median 
of the population in numeracy have above-median 
values for graph literacy. This relatively large pro-
portion is not surprising given that most of our 
items do not require any calculation, with the 

Table 2  Percentage of Correct Responses to Items Included in the Final Scale

Overall % Correct Responses

Items Germany (n = 495) United States (n = 492)

Reading the data

  Q1. Reading off a point on a bar chart 82.7 84.6
  Q3. Knowing what a quarter of a pie is in % 87.7 83.5
  Q5. Reading off a point on a line chart 81.7 84.8
  Q8. Reading off number of icons 88.6 90.3
  Average 85.2 85.8
Reading between the data

  Q2. Determining difference between 2 bars 67.1 69.6
  Q4. Summing slices within a quarter of a pie 74.2 77.6
  Q6. Comparing slopes of a line at 2 intervals 82.1 61.6
  Q9. Determining difference between 2 groups of icons 51.0 58.1
  Average 68.6 66.7
Reading beyond the data

  Q13. Reading off a point on a bar chart when bar falls between 2 labels 80.1 75.2
  Q7. Projecting future trend from a line chart 81.8 79.2
  Q10. Comparing 2 bar charts: Attending to scale range 62.8 66.1
  Q11. Comparing 2 line charts: Attending to scale labels 15.5 19.3
  Q12. Differentiating slope and height of a line 86.1 77.5
  Average 65.3 63.5
Mean number of correct answers (sx–); max = 13 9.4 (.17) 9.3 (.18)
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exception of 2 questions that require fairly simple 
deduction of 2 integers (45–30 and 60–40). It is 
more likely that both numeracy and graph literacy 
skills require a certain level of meta-knowledge 
about statistics and the meaning of statistical  
indicators. Our research shows that to some peo-
ple, this knowledge is more accessible in visual 
rather than numeric formats but also that a large 
segment of the population simply does not know 
enough statistics to be helped by any of the stan-
dard formats.

To the best of our knowledge, this article is the 
first to develop a graph literacy scale to identify 
people who have problems understanding graphi-
cally presented medical information. At the same 
time, it leaves several questions open. For instance, 
one avenue for future research could be to test the 
scale on physicians. Recent research on numeracy in 
health decision making has shown that not only 
patients but also their physicians have difficulty 
grasping numerical concepts that are prerequisites 
for understanding health-relevant risk communica-
tions.39 Another open question relates to the general-
izability of our scale. As we mentioned above, our 
aim was to develop an instrument that could be used 
to assess graphical literacy in the health domain. To 
what extent is our scale useful to evaluate graph lit-
eracy in general or in other important domains such 
as finance, nutrition, or education? Although our 
studies enabled us to draw clear conclusions and 
demonstrate the generalizability of our results, it is 
possible that there are substantial differences 
between domains. Furthermore, we used a comput-
erized questionnaire, and equivalence of results 
obtained using paper and pencil should be checked. 
Finally, the present version of the graph literacy 
scale focuses on understanding of simple bar, line, 
and pie charts and icon arrays. Further research on 
understanding more complex graphs, such as sur-
vival curves, is needed.

Our research suggests that understanding of both 
numerical and standard graphical representations of 
statistical information requires a certain level of sta-
tistical thinking. However, unlike reading and writ-
ing, statistical thinking is not routinely taught in 
schools. As a result, a large part of the population is 
insufficiently prepared to cope with many novel 
risks and uncertainties of the modern world. The 
goal of informed decision making hinges on educat-
ing the general public to understand statistical 
information about medical treatments and on find-
ing alternative, more intuitive formats for communi-
cating risks.

APPENDIX A 
Graph Literacy Scale (Final Version)

Here is some information about cancer therapies.

Q1.	 What percentage of patients recovered after 
chemotherapy?

________ %

Q2.	 What is the difference between the percentage 
of patients who recovered after a surgery and 
the percentage of patients who recovered after 
radiation therapy?

________ %

Here is some information about different forms of 
cancer.
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Q3.	 Of all the people who die from cancer, approxi-
mately what percentage dies from lung cancer?

________ %

Q4.	 Approximately what percentage of people who 
die from cancer die from colon cancer, breast 
cancer, and prostate cancer taken together?

________ %
Here is some information about an imaginary dis-

ease called Adeolitis.

Q5.	 Approximately what percentage of people had 
Adeolitis in the year 2000?

________ %

Q6.	 When was the increase in the percentage of 
people with Adeolitis higher?

From 1975 to 1980 . . . . . . . . . . . . . . . . . . . . . . . . . .                          1

From 2000 to 2005  . . . . . . . . . . . . . . . . . . . . . . . . .                         2

Increase was the same in both intervals . . . . . . . . .         3

Don’t know . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                4

Q7.	 According to your best guess, what will the 
percentage of people with Adeolitis be in the 
year 2010?

________ %

The following figure shows the number of men 
and women among patients with disease X. The total 
number of circles is 100.

  Q8.	 Of 100 patients with disease X, how many 
are women?

________ women

  Q9.	 How many more men than women are there 
among 100 patients with disease X?

________ men

Q10.	 In a magazine you see two advertisements, 
one on page 5 and another on page 12. Each 
is for a different drug for treating heart dis-
ease, and each includes a graph showing the 
effectiveness of the drug compared to a pla-
cebo (sugar pill).
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Compared to the placebo, which treatment leads to 
a larger decrease in the percentage of patients who die?

Crosicol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   1

Hertinol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  2

They are equal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             3

Can’t say . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  4

Q11.	 In the newspaper you see two advertise-
ments, one on page 15 and another on page 
17. Each is for a different treatment of pso-
riasis, and each includes a graph showing 
the effectiveness of the treatment over time.

Which of the treatments contributes to a larger 
decrease in the percentage of sick patients?

Apsoriatin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                 1

Nopsorian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                 2

They are equal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             3

Can’t say . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  4

Q12.	 Here is some information about the imagi-
nary diseases Coliosis and Tiosis.

Between 1980 and 1990, which disease  
had a higher increase in the percentage of people 
affected?

Coliosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   1

Tiosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    2

The increase was equal . . . . . . . . . . . . . . . . . . . . . .                      3

Can’t say . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  4

Q13.	 Here is some information about cancer ther-
apies.

What is the percentage of cancer patients who die 
after chemotherapy?

________ %
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APPENDIX B 
Materials Used in Experiments Testing the Predictive Validity of the Graph Literacy Scale

EXPERIMENT 1

[This example shows task 1. Task 2 had the same structure but involved heart attack and different numbers.]
A study was conducted to test the effectiveness of a new drug called Vitarilen. The drug is supposed to 

reduce the risk of stroke and heart attack for patients with symptoms of arterial disease. One randomly selected 
group of 100 patients took a placebo, while another group of 100 patients took Vitarilen. Compared to the group 
that took a placebo, the relative reduction in risk of having a stroke in the group that took Vitarilen was 25%.

[For conditions involving visual displays:]
This is also shown in the following figure:

Percentage of Patients Who Have a Stroke in Each Group

EXPERIMENT 2

[This example is an experimental condition in which groups of patients who took and who did not take 
the drug were of different sizes. Other conditions involved different numbers.]

Here is some information about a new (fictitious) drug that decreases cholesterol level.
A new drug that reduces cholesterol, Estatin, decreases the risk of dying of a heart attack for people with 

high cholesterol. Here are the results of a study of 900 people with high cholesterol: 80 out of 800 people who 
did not take the drug died of a heart attack, compared to 5 out of 100 people who took the drug.

[For conditions involving visual displays:]
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