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A B S T R A C T

Objective: This study evaluated how well women from diverse race/ethnic groups were able to take a

quantitative cancer risk statistic verbally provided to them and report it in a visual format.

Methods: Cross-sectional survey was administered in English, Spanish or Chinese, to women aged 50–80

(n = 1160), recruited from primary care practices. The survey contained breast, colorectal or cervical

cancer questions regarding screening and prevention. Women were told cancer-specific lifetime risk then

shown a visual display of risk and asked to indicate the specific lifetime risk. Correct indication of risk was

the main outcome.

Results: Correct responses on icon arrays were 46% for breast, 55% for colon, and 44% for cervical; only

25% correctly responded to a magnifying glass graphic. Compared to Whites, African American and Latina

women were significantly less likely to use the icon arrays correctly. Higher education and higher

numeracy were associated with correct responses. Lower education was associated with lower

numeracy.

Conclusions: Race/ethnic differences were associated with women’s ability to take a quantitative cancer

risk statistic verbally provided to them and report it in a visual format.

Practice implications: Systematically considering the complexity of intersecting factors such as race/

ethnicity, educational level, poverty, and numeracy in most health communications is needed.

� 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Shared decision-making (SDM) has become the ‘‘gold standard’’
[1–3] in delivering patient-centered care [4], particularly in the
setting of therapeutic interventions [5]. Effective shared decision-
making is complex, dependent on communication skills of the
clinician and patient, and the relationship between both of these
parties. Clinicians engaging in SDM need to consider both
communication issues (e.g., eliciting and offering more informa-
tion, feelings, and beliefs, reaching explicit closure) and relational
issues (e.g. asking patients how they feel about the decision-
making process, giving patients permission to reveal any concerns
or disagreements about the decision) [6].
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Engaging in SDM in the area of cancer risk requires attention to
communication and assessment by the clinician as to the patient’s
understanding of the risks and benefits of screening, regardless of
the relationship, mutual trust and race/ethnicity and gender
concordance [7]. An understanding of cancer risk can be affected by
both patients’ literacy and numeracy skills [8]. During patient–
clinician discussions involving cancer prevention, SDM requires
numeracy skills and in turn these skills can have a significant
impact on receiving effective health care [9].

Discussion of cancer screening relies mainly on the clinician’s
verbal communication and available printed information. Numer-
ous studies have shown that verbal communication by itself is an
ineffective method to present information to patients [8,10,11]
therefore, utilization of visual displays is used to enhance
communication about risk in order to facilitate shared decision-
making about screening tests [12] and to assist in processing
numerical information [13]. In communicating breast cancer risk,
an icon array of female stick figures has been used to illustrate the
proportion of women to be diagnosed. For uncommon cancers a
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Fig. 1. Wall of 100 women scenario for breast and colon cancer risk.
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log-linear scale using a graphical magnifying glass has been
developed [14] for these situations [15].

Examination of patients’ ability to understand visual displays and
how this is affected by numeracy in the area of cancer prevention
remains mostly unknown [8]. However, more recent work has
shown that those who speak English as a second language may need
both numerical and graphical information in communicating
medical risks relevant to shared decision-making situations [16];
other analyses of this study have shown differences in perceived risk
of cancer by race/ethnicity [17–19]. For example, compared to White
women, Latinas had higher perceived risk, whereas Asian women
had lower, for cervical and colon cancer after multivariate
adjustment. Yet, it is unknown how women from diverse ethnic
backgrounds understand visual displays of cancer risk information
after accounting for levels of education and numeracy. The purpose
of this analysis was to examine whether different visuals displays
were useful in assisting ethnically diverse women identify the risk of
getting breast, colorectal, or cervical cancer.

2. Methods

2.1. Setting and participants

Women were recruited from primary care practices at the
University of California (UCSF) Medical Center and at community-
based clinics. Women were screened by telephone and then invited
for face-to-face interviews. Eligibility criteria were: ages 50–80
years; ability to speak English, Spanish, or Chinese (Mandarin or
Cantonese); self-identified race/ethnicity of African American,
Asian, Latina, or non-Latina White (hereafter White); and at least
one clinic visit in the previous 2 years. Women with current cancer
or with cognitive impairment, as identified by their physicians, were
excluded. All study measures and scripts were translated into
Spanish and Chinese using standard forward–backward methods
[20] and administered by bicultural and bilingual research assistants
in the appropriate language.

2.2. Study procedures

We obtained permission from primary clinicians to contact
their patients by mail from a list of potentially eligible women
based on administrative data. For women who did not respond
within 2 weeks, a trained interviewer called, and with verbal
consent, completed the baseline survey. Because of limited success
in recruiting Chinese-speaking women by telephone, in-person
recruitment methods were used at a community-based Chinatown
clinic. We aimed to recruit similar numbers of women by race/
ethnicity. Women received $20 at the end of the interview.
Institutional Review Boards at UCSF and collaborating sites
approved this study.

Versions of the survey were developed for each cancer site.
Women aged 50–65 years were randomly administered either the
breast or colorectal cancer survey that contained the visual icon
array of the ‘‘wall of 100 women’’ shown in Fig. 1. Those �65 years
were administered the cervical cancer survey if they had an intact
uterus, or if not, were randomly assigned to breast or colorectal
survey. Only women aged 65 years and older answered the
questions related to risk perceptions about cervical cancer screening
since at least two groups, the US Preventive Services Task Force
(USPSTF) and the American Cancer Society (ACS) have recommen-
dations that actively discourage women in this age category to
continue Pap testing if they have had prior normal Pap testing and
who are not otherwise at high risk for cervical cancer [21]. Women
answering the cervical cancer survey were administered two visuals,
‘‘the wall of 10,000 women’’ and the ‘‘magnifying glass’’ (Fig. 2)

2.3. Measures and outcomes

The survey questions were derived from the results obtained
through focus groups [22] simultaneously developed in three
languages, pre-tested using cognitive interviewing methods [23] in
each of the ethnic groups, and then modified. Demographic
characteristics included age, years of education, household income,
marital status, and employment. Personal or family history of
cancer, health status as measured by the SF-12v2 [24], and health
insurance coverage were collected. An 8-item numeracy measure to
assess how well participants: (a) perform simple arithmetic
operations on risk magnitude using percentages and proportions
and (b) convert numbers to percentages, proportions to percentages,
and probabilities to proportions was administered. This measure
was adapted from a published scale and modified items from Lipkus
[5,13] (Appendix 1).



Fig. 2. Wall of 10,000 women (five of these pictures put together).
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Prior to asking women to use the icon array or magnifying glass
graphic to translate the risk of getting cancer, they were shown
either the icon array, ‘‘wall of 100 women’’ (for those filling out
breast or colon) or the icon array, ‘‘wall of 10,000 women’’ and
magnifying glass graphic (for those filling out cervical). Two
examples were used to orient women on how the verbal
translation of risk was depicted on the icon array or the graphic.
The examples were: (1) the chance of being killed by an earthquake
and (2) receiving junk mail. Women were asked whether they
understood the information presented in the visual; more
explanation (in a standardized format) was given, if necessary
(<1% of the sample required this). For the icon array of the ‘wall of



Table 1
Characteristics of 1160 women answering visual displays of breast, colon, and cervical cancer risk, San Francisco primary care clinical sites, 2004–2006.

White (n = 338) African American (n = 167) Chinese (n = 353) Latino (n = 239) Other Asian (n = 63)

Variable

Age*, years mean (SD) 60.7(1.7) 60.8(1.7) 60.6(1.6) 63.6(2.0) 63.5(2.0)

Education*** (%)

�High school 5.6 37.1 82.2 71.4 15.9

some college 26.1 35.3 6.5 17.6 20.6

�College 68.3 27.5 11.3 11.0 63.5

Married*** (%) 52.0 30.0 73.1 38.7 57.1

Employment*** (%)

Unemployed 8.5 10.9 37.6 14.8 9.7

Disabled 9.0 30.3 8.9 21.1 4.8

Retired 31.0 28.5 29.2 46.2 46.2

Employed 51.8 30.3 24.3 29.9 39.3

Income*** (%)

�$20,000 20.3 45.2 67.8 65.6 21.1

$20,001–50,000 22.0 29.0 21.5 22.8 29.7

>$50,000 57.7 25.8 10.7 11.6 49.2

Health insurance***

No insurance 3.4 6.6 44.6 18.4 1.8

Public 20.8 42.0 31.5 46.0 19.3

Private 75.8 51.4 23.9 34.6 78.9

History of cancer*** (%)

No 74.0 81.4 92.2 79.9 78.9

History of family cancer*** (%)

No 44.4 43.7 79.3 59.4 52.4

Health status (0–100)

Mental health functioning* mean (SD) 50.0(9.4) 48.6(12.1) 49.3(13.2) 46.1(13.2) 50.3(8.3)

Physical health functioning*** mean (SD) 47.6(11.5) 38.9(12.4) 39.0(11.6) 41.2(10.7) 44.3(9.7)

Numeracy score (0–8)*** mean (SE) 6.2(0.4) 3.4(0.5) 3.6(0.6) 2.5(0.4) 4.5(0.5)

* p < 0.05.
*** p < 0.001.
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100 women,’ participants were then told, ‘‘Each woman represents
1 chance in 100 that something will happen. Roughly, 13% (or 6%)
of women will develop breast (or colorectal) cancer in their
lifetime. This also means that an average woman has a 13% (or 6%)
chance of developing breast (or colon) cancer in her lifetime. Please
circle how many chances out of 100 would be an average woman’s
chance of developing (breast or colon) cancer over her lifetime.’’
(Fig. 1) Women were shown how the percentages would be
marked using the visuals before they were asked to mark them.

Women who were administered the cervical cancer survey
were also given similar orientations to the icon array of a ‘‘wall of
10,000 women’’ (Fig. 2) and a ‘‘magnifying glass’’ graphic (Fig. 2)
[14]. Women were asked, ‘‘Using this (wall of 10,000 women/
magnifying glass) picture can you mark where 3 in 10,000 is? This
is the average 65-year-old woman’s risk for getting cervical cancer
during the rest of her life if she has had 3 or more normal Pap tests.’’

Respondents who circled the correct number of icons in the
visual (breast: 13 out of 100, colon: 6 out of 100, and cervical: 3 out
of 10,000) were coded as having correctly completed the task. For
the magnifying task the correct answer was also 3 out of 10,000.
We also examined an outcome describing women’s perceived ease
of using the visual aids: after completing the corresponding task
and regardless of whether they correctly completed the task,
participants were asked, ‘‘How easy was the wall of women/
magnifying glass to use?’’ The response choices were, ‘‘very easy,’’
‘‘easy,’’ ‘‘hard,’’ ‘‘very hard.’’ For ease of interpretation, the variable
was dichotomized to ‘‘very easy/easy’’ versus ‘‘very hard/hard.’’

2.4. Statistical analysis

Race/ethnic group differences in the measures of interest and
demographic characteristics were tested by chi-square or t-tests.
Using logistic regression, we first examined the relationship
between the participants’ ability to correctly complete each of the
‘‘wall of women’’ visual tasks, for the total sample and by cancer
sites (breast and colon; cervical), with numeracy and race/
ethnicity. Covariates in the model included race/ethnicity, age
(per year), education, employment, income level, personal and
family history of cancer, health status, numeracy score, cancer
scenario, and perceived ease of use of visual display. For most
variables there was less than 1% of missing data, with the exception
of income, which had 20% missing data. No regression modeled the
accuracy of responses to the magnifying glass task because of the
overall low number of correct responses. Second, we examined the
relationship between race/ethnicity and numeracy using multi-
variate linear regression in the sub-sample of participants
correctly answering the wall of women visuals separately by
cancer site (breast and colon; cervical). To account for missing data,
each regression model was fit to 20 multiple imputed data sets
created using SAS PROC MI [25]. Because PROC MI assumes a
multivariate normal distribution, imputed values for binary
variables were subsequently rounded to the nearest applicable
integer [26,27]. All parameter estimates and significance tests
were calculated by combining results across the imputed data sets
[28,29]. All analyses were conducted using SAS 9.1.3 [25].

3. Results

Of 4523 letters sent, 906 (20%) of the women were unreachable
due to incorrect contact information and 871 (19%) were ineligible
due to language, race/ethnicity, illness, or having changed
physicians. Of the 2746 eligible women contacted, 1319 (48%)
completed the baseline screening, 157 declined to participate and
two were found ineligible for a final sample of 1160.

Table 1 shows the characteristics of the sample stratified by
race/ethnicity. There were significant differences by race/ethnicity
for all variables shown with White women generally having higher
income, more private health insurance, and better measure of
physical functioning (each difference, p < 0.001). Race/ethnic
minority women had significantly less formal education, especially
Latinas and Chinese, and lower numeracy scores with differences
ranging from 1.7 for Other Asians to 3.7 for Latinas.



Table 2
Number and percent of women who answered visual display task correctly by cancer scenario and stratified by race/ethnicity, San Francisco Primary Care Clinical Sites, 2004–

2006.

Breast/colon cancer

scenario

Total

N (% correct)

White

(% correct)

African American

(% correct)

Chinese

(% correct)

Latino

(% correct)

Other Asian

(% correct)

Wall of 100 women

Breast 420 (46%) 121 (80%) 61 (32%)*** 124 (35%)*** 87 (24%)*** 27 (57%)*

Colon 492 (55%) 153 (86%) 77 (37%)*** 140 (48%)*** 105 (32%)*** 17 (55%)**

Cervical Cancer Scenario

Wall of 10,000 women 248 (44%) 64 (67%) 29 (36%)* 89 (41%)** 47 (16%)*** 19 (62%)

Magnifying glass 248 (13%) 64 (22%) 29 (6%) 89 (7%) 47 (17%) 19 (17%)

25% 53% 17% 13% 8% 42%

Comparisons by race/ethnic group to White women are designated as significant: *p < 0.05; **p < 0.01 and ***p < 0.001.
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3.1. Correct responses to visual display task

Table 2 shows the percent of women who answered the visual
display tasks correctly by cancer scenario and race/ethnicity. The
icon array of the ‘‘wall of 100 women’’ for the breast and colon
cancer surveys was administered to 912 participants. The
percentage of women who circled the correct number of icons
in this visual ranged from 46% for breast cancer risk to 55% for
colon cancer risk. Race/ethnic minority women had significantly
lower proportion of correct responses compared to their White
counterparts. These were large differences with fewer than half
correct responses for the breast cancer scenario for African
American, Chinese and Latina women.

The remaining 248 women were administered both the icon
array of the ‘‘wall of 10,000 women’’ and the graphic magnifying
glass visuals corresponding to risk of cervical cancer. Only 25% of
women who were administered the cervical cancer survey
correctly responded to the magnifying glass task and no significant
differences were found by race/ethnicity groups. Similar results
Table 3
Logistic regression models of correct/incorrect use of wall of women visuals, San Franc

Variable Total wall of women: breast,

colon, and cervical scenarios

Odds ratio (95% CI) 

Age (per year) 1.00 (0.98–1.03) 

Ethnicity (White-ref)

African American 0.36 (0.22–0.61)**

Chinese 0.68 (0.41–1.13) 

Latino 0.36 (0.22–0.60)***

Other Asian 0.63 (0.33–1.20) 

Education (�college, ref)

Less than, equal to High school 0.68 (0.51–0.90)**

Some college 0.92 (0.71–1.17) 

Employment (employed, ref)

Unemployed 0.55 (0.35–0.86)*

Disabled 0.91 (0.53–1.58) 

Retired 0.72 (0.44–1.16) 

Annual income (>$50,000, ref)

$20,000 or less 0.82 (0.51–1.34) 

$20,001–50,000 0.82 (0.49–1.34) 

History of cancer

No 0.74 (0.50–1.11) 

History of family cancer

No 1.20 (0.87–1.64) 

Health status (SF-36)

Mental health function 1.00 (0.91–1.08) 

Physical health function 1.09 (0.96–1.24) 

Numeracy score 1.30 (1.21–1.40)***

Perceived ease of use

Easy/very easy 2.09 (1.38–3.17)**

Note. All final data were imputed. CI indicates confidence interval. Covariates in the m

income level, personal and family history of cancer, health status, numeracy score (on
* p < 0.05.
** p < 0.01.
*** p < 0.001.
were found for the correct responses to the Wall of 10,000 women
with significantly fewer correct responses for African Americans,
Chinese and Latina women.

The ‘‘wall of 100 women’’ was rated the easiest to use among
the two icon arrays and graphic; most Whites (92%), Chinese (92%),
Other Asians (80%), Latinas (75%) and African Americans (72%)
reported it was easy to use. The magnifying glass visual was rated
as the second easiest to use by 81% of Whites, 72% of Other Asians,
66% of Latinas, 61% of African Americans, and 55% of Chinese
women. Half of the participants (52%) completing the cervical
cancer visual rated the ‘‘wall of 10,000 women’’ easy to use. There
was poor concordance between women’s rated ease of use and
correct completion of the icon arrays and graphic (data not shown).
For example, in the ‘‘wall of 100 women’’, 92% of both White and
Chinese women reported this icon array was easy to use. Yet, 87%
of White women answered correctly and less than half (42%) of
Chinese women answered correctly. About three-quarters (76%) of
Latina participants reported that the ‘‘wall of 100 women’’ was
easy to use, but only a third (32%) answered correctly. Among 76%
isco Primary Care Clinical Sites, 2004–2006.

Wall of 100 women: breast

or colon scenarios

Wall of 10,000 women:

cervical scenario

Odds ratio (95% CI) Odds ratio (95% CI)

1.00 (0.96–1.03) 1.07 (0.97–1.17)

0.30 (0.17–0.54)*** 0.62 (0.18–2.11)

0.49 (0.27–0.89)* 1.54 (0.55–4.31)

0.34 (0.19–0.61)** 0.25 (0.07–0.83)*

0.48 (0.21–1.06) 1.04 (0.29–3.66)

0.44 (0.25–0.78)* 0.52 (0.16–1.69)

0.56 (0.34–0.91)* 0.64 (0.25–1.64)

0.57 (0.36–0.92)* 0.91 (0.12–6.81)

0.89 (0.49–1.60) 0.68 (0.07–6.75)

0.73 (0.41–1.30) 0.62 (0.19–1.98)

0.71 (0.41–1.24) 1.67 (0.51–5.38)

0.72 (0.41–1.27) 1.49 (0.47–4.67)

0.69 (0.43–1.10) 1.04 (0.43–2.51)

1.36 (0.95–1.95) 0.79 (0.36–1.75)

1.03 (0.93–1.14) 0.94 (0.75–1.16)

1.02 (0.88–1.18) 1.35 (1.03–1.76)*

1.29 (1.18–1.41)*** 1.37 (1.15–1.64)**

2.31 (1.36–3.92)** 1.96 (0.93–4.12)

odel include scenario presented, ethnicity, age (per year), education, employment,

e-point increase) and perceived use of visual display.



Table 4
Correlates of numeracy in 1160 women, San Francisco Primary Care Clinical Sites, 2004–2006.

Variable Total wall of women:

breast, colon, and cervical scenarios

Wall of 100 women:

breast/colon scenarios

Numeracy among wall of

10,000 women: cervical scenario

B(SE) B(SE) B (SE)

Age �0.02 (0.01)* �0.02 (0.01) �0.05 (0.03)

Ethnicity (White-ref)

African American �1.72 (0.20)*** �1.74 (0.22)*** �1.62 (0.46)**

Chinese �0.51 (0.19)* �0.51 (0.22)* �0.44 (0.40)

Latino �1.72 (0.20)*** �1.95 (0.22)*** �0.70 (0.45)

Other Asian �1.42 (0.27)*** �1.60 (0.31)*** �1.04 (0.53)*

Education (>high school, ref)

<high school �2.32 (0.19)*** �2.12 (0.22)*** �3.10 (0.40)***

high school �0.80 (0.17)*** �0.71 (0.19)** �1.05 (0.38)*

Employment (employed, ref)

Unemployed 0.09(0.18) 0.10 (0.19) �0.93 (0.59)

Disabled �0.12(0.20) �0.14 (0.21) �0.35 (0.68)

Retired 0.07(0.18) 0.10 (0.22) �0.07 (0.42)

Income (>$50,000, ref)

�$20,000 �1.06 (0.20)*** �1.06 (0.22)*** �1.00 (0.44)*

$20,001–50,000 �0.72 (0.19)*** �0.73 (0.20)** �0.74 (0.42)

Note. All final data are imputed.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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of African American women reporting ease of use, 42% answered
correctly. Of the 90% of women who reported the ‘‘wall of 10,000
women’’ easy to use, 67% answered correctly.

3.2. Predictors of correct responses to visual display tasks

The first set of regression models examined the effects of race/
ethnicity after adjusting for all covariates on three different ‘‘wall
of women’’ visual task outcomes: Three combined ‘‘wall of women
scenarios’’, ‘‘wall of 100 women scenarios’’ for breast and colon
cancer, and ‘‘wall of 10,000 women scenario’’ for cervical cancer
(Table 3). In the overall model, African American and Latino
women were significantly less likely to translate the verbal
provision of cancer risk to a visual format correctly, compared to
Whites. Those with less than a high school education were less
likely to use the icon arrays correctly but women who had a higher
numeracy score or reported the icon arrays easier to use were more
likely to use them correctly.

Among the participants who completed the ‘‘wall of 100
women’’ task, African American, Chinese, and Latino women were
significantly less likely to translate the verbal provision of cancer
risk to a visual format correctly, compared to Whites. In this model,
women with less than high school education or even high school
graduates were less likely to use this icon array correctly compared
to those with some college or more. Correct risk translation to the
visual format was more likely among women with a higher
numeracy score or who rated this visual display task easy to use.
Among those who completed the ‘‘wall of 10,000 women’’ task,
only Latinas were significantly less likely to use the visual
correctly, compared to Whites. Women who had a higher
numeracy score were again significantly more likely to use this
visual display correctly.

3.3. Correlates of numeracy

Because numeracy was significantly associated with correct
responses on ‘‘wall of women’’ outcomes, in addition to the
independent association of race/ethnicity, we examined correlates
of numeracy. Table 4 presents results of linear models regressing
numeracy scores onto race/ethnicity after controlling for age,
education, occupational status, and income. Compared to Whites,
women from other race/ethnic backgrounds had significantly
lower numeracy scores. In the total sample, average numeracy
scores of race/ethnic groups ranged from 0.51 to 1.72 points lower
than that of Whites (out of a possible total of 8 points). Similar
findings were noted among the women who were administered
the ‘‘wall of 100 women’’ visual display task. Among those
administered the ‘‘wall of 10,000 women’’ task, only African
American (1.62 points) and other Asian (1.04 points) women’s
average numeracy scores were significantly lower than that for
Whites. Across all regression models, less than high school
education and even high school graduates were significantly
associated with lower numeracy ranging from 0.71 to 3.10 points.
Similar but smaller differences were found by income.

4. Discussion and conclusion

4.1. Discussion

The goal of this study was to evaluate how well women from
diverse race/ethnic groups were able to take a quantitative cancer
risk statistic verbally provided to them and report it in a visual
format using either an icon array or a graphic of a magnifying glass.
While there has been increasingly widespread use of probabilistic
information in health communication in numeric and visual
formats [5], the results from this study adds new information on
the use of graphic formats to communicate cancer risk to women
from diverse race/ethnic backgrounds. The observation that
minority women, particularly African American and Latino, were
significantly less likely to correctly circle the number of icons that
representing lifetime risk of getting cancer (breast, colon, or
cervical), even after adjusting for formal education and numeracy,
was striking.

We offer several explanations for this finding. First, it could be
that African American and Chinese (‘‘wall of 100 women’’ only) and
Latino women do not understand the number provided. Yet, when
the women were first oriented to how the visuals represented a
quantitative risk, few asked for further explanation, and all
participants indicated they understood both the number and the
visual. Indeed, those who had a higher numeracy score were more
likely to circle the correct number of icons. Second, these same
minority women may not have understood the graphic(s)
presented. Even though other research has shown that large
improvements in accuracy of comprehension can be achieved in
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using both visual aids such as icon arrays and numerical
information, the race/ethnicity of the US sample in that study
was not reported [30]. Third, it could be that these women were
unable to translate the verbal information into the appropriate
marks on the graphic. Fourth, the substantial ethnic differences
may be due to the fact that exposure to these types of health risk
depictions or exposure to health information in general differs by
race/ethnicity. Adjustment for education and numeracy may not
have adequately addressed this difference; in addition, we do not
have a measure of prior media exposure or familiarity with graphic
presentation of information. Finally, it could be that women from
diverse backgrounds may consider the risk of cancer to be pre-
determined or as a qualitative event and therefore do not
conceptualize cancer risk in similar ways to Whites.

Although there has been past work completed examining
numeracy and graphical literacy in ‘‘cross-cultural studies’’, those
samples were presumably predominantly White men and women
from the US, Germany and Polish immigrants to the United
Kingdom [31,32]. This study is the only one to conduct analyses of
risk translation by race/ethnic groups in the US with adjustments
for formal education and numeracy. However, our study should be
interpreted with caution. Instructions for the numeracy scale could
have affected the women’s ability to provide the correct answer.
Respondents could have ignored the instructions and believed they
were in a test situation feeling evaluated or heeded the
instructions and put little effort into obtaining the correct answers
because there was no consequence of having wrong information.
Additionally, we used average lifetime risk estimates independent
of the participant’s age, rather than risk estimates based on
remaining expected life expectancy. Although this may be a subtle
difference, it may have affected participants’ understanding of the
risk information and led to incorrect responses. The fact that age
was not a significant predictor in the regression analyses is
reassuring that this would not explain our results.

This was a cross-sectional study and does not track decision-
making in real-time cancer screening decisions. We asked
participants to learn a quantitative fact verbally and then
transcribe this on the visual display. Completion of this task
varied significantly by race/ethnicity, educational level and
numeracy. The extent to which the distribution in numeracy
scores applies to others is unknown since low numeracy is
common among primary care patients, ranging from 66% [33] to
84% [34]. Although some recent work with Swiss participants has
shown that people with low numeracy do not rely on numbers
even when displayed in a graphic form [35], clearly, more work is
needed in examining risk translation and graphical literacy in the
area of cancer and among diverse ethnic groups.

This study is unique in that we asked participants to move
beyond examining a visual aide to translating their knowledge of
cancer risk from a verbal format to a visual one. Although it could be
argued that there is little need for patients to translate verbal
information to a visual format, health educational theory posits that
90% of information can be retained by ‘‘hearing, seeing, talking, and
doing’’ compared to retaining only 50% of information from ‘‘hearing
and seeing.’’ [36] That we found poor concordance between
women’s ratings in ease of use and circling the correct number of
icons or correctly using the magnifying glass graphic could suggest
that there is a need to elicit accuracy of understanding, especially
within the context of cancer risk prevention and treatment decision-
making. Importantly, having individuals report that a visual aid is
easy to use but then provide an incorrect response to a knowledge
translation of cancer risk task suggests a lack of comprehension at
some stages of task completion.

It is well known that many people have challenges grasping
numerical concepts even with the additional benefits of using one
or more visual aids [30,37,38] or using a sequentially ordered
presentation of visual aids [39]. Our results suggest that more work
is needed in the facilitation of translating small risks (e.g. cervical
cancer risk) from a verbal to a visual format. Although age was not
significantly associated with circling the icons on the ‘‘wall of
10,000’’ women, it could be that use of a graphic such as the
‘‘magnifying glass’’ is more challenging as age increases over 65
years due to visual impairments.

These results suggest that race/ethnic minority women, in
particular, may appear to understand treatment risk or screening
benefits but in fact have more difficulty than their White
counterparts. In part, this could be due to their lower numeracy
and the intersecting effects of lower educational attainment, more
poverty, and perceived discrimination (not measured in this
study). What is concerning is that race/ethnic minority patients’
numeracy, in particular, can affect their ability to be involved in
shared decision-making and understanding of cancer screening
and treatment options, even if cancer risk information is discussed
using both numerical formats and visual aids.

4.2. Conclusion

Women with low numeracy scores can have difficulty respond-
ing correctly to the visual display tasks, consistent with other studies
[33,40] Low numeracy can pose a barrier to processing, computa-
tion, interpretation, and correct use of risk information, even if
presented with a visual aid [9,41]. More recent work provides
evidence that visual aids can improve communication of risk [16,30].
Regardless, without diligent use of presenting the numerical and
visual format and eliciting patients’ comprehension of the risk being
communicated, shared decision-making may not occur. Clinicians
have an obligation to provide patients information in a way they can
understand, whereas patients are responsible for understanding
information in order to actively participate in decision making about
their health [42]. For cancer patients this is an especially relevant
problem due to the fact that screening and treatment decision-
making requires a clear assessment and understanding of the risks
involved [41]. In sum, our study sought active participation from
women in translating their knowledge of verbal numerical
information to a visual format. Ethnic differences were associated
with women’s ability to translate this knowledge.

4.3. Practice implications

Clinicians need to systematically consider the complexity of
intersecting factors such as race/ethnicity, educational level,
poverty, and numeracy in most health communications, but
especially in discussions about risk of disease. Numeracy assess-
ment of patients may assist providers in tailoring risk communi-
cation for optimal shared decision-making and patient-centered
care. Although verbal terms (not studied here) are known to cause
problems with communication due to inconsistent interpretation
and vagueness, for some patients, use of words and verbal
descriptors of risk, in addition to numerical information, may be
more helpful in explaining cancer risk to patients. For other
patients, the use of a visual aid with numerical information in
eliciting their knowledge of the cancer risk may be more helpful.
Further research is needed on understanding the complex
intersecting factors that affect individuals from diverse ethnic
backgrounds’ use of cancer risk information.
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These next set of questions are about how people might use numbers t

you feel that you must give me the right answer. I am not interested in whe

to help doctors communicate better with their patients about medical in

1. *A pe rson taking Dr ug A has a 1% chance 

If 100 people take Drug A, ho w many woul 
_____ ___ _____ ___   perso n(s) out 

2. A pe rson taking Drug B has a 3 in 10 chan 

What percent of people taking Drug B will 
_____ ___ _____ _%

3. Which of the  following nu mbe r represents 
getting a disease? 1% 10 % 

4. If Person A’s  chan ce of getti ng a disea se is 
chan ce is doub le that of A’s,  wha t is B’s ris

5. *If the c han ce of getting  a disease is  20 ou
the same as ha ving a __ __ % c han ce of g

6. If the chan ce of getting a disease is 10 %, 
be expected  to get the dise ase:

A:  Out of 100 ?
B:  Out of 1,000?  

(SHOW RESPONSE  CARD #2 )
7. *In the C ALIFORNI A LOTTERY, the chan c

prize is 1%.  How many peop le will win a $
people each bu y a sing le tick et to CALIFO

*No te: These three items c ould be used  for a quic 
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o think about their health. These questions are not to test you or make

ther you know the right or wrong answer. These questions will be used

formation that involves numbers.

of having an allergic r eacti on.

d you  expe ct to ha ve an allergic r eaction?  
of 100

ce of an  allergic r eaction . 

have an allergic r eacti on? 

the biggest chan ce of 
5%

Answer: 
_____ ___ ___

 1%, and perso n B’s 
k?

Answer: 
_____ ___ ___

t of 100, this wou ld be  
etting the  disease.

Answer: 
_____ ___ ___

how many peop le wou ld 

Answer A :__ __
Answer B :__ __

e of winning a $10,000  
10,000 prize if 1,000  
RNIA  LOTTERY?

Answer:_ _____ 
person(s ) out 
of 1,000

k assess ment of numeracy
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