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Background Clinicians and researchers olten wish to know how patients perceive the
lkelthoods of health risks. Little work has been done 1o develop and validate scales
and formats to measure perceptions of event prababilities, particularly low probabilities
(ie, <1%) Objective. To compare a new visual analog scale with three benchmarks
in terms of validity and refiability. Design. Survey with retest after approximately two
weeks. Respondents estimated the probabiiities of six events with the new scale, which
featured a “magnifying glass” to represent probabilities between 0 and 1% on a log-
atithmic scale, Participants estimated the same probabilities on three benchmarks: two
fingar visual analog scales (one labeled with words, one with humbars) and a 1 in x”
scale. Subjects 100 veterans and family members and 107 university faculty and
students. Measures. For sach scaie, the authors assessed; 1) validity—the correlation
between participants’ direct rankings (i.e., numbering them from 1 to 6) and scale-
derived rankings of the relative probabilities of six events; 2) test-retest reliability—
the correlation of responses from test to retest two weeks later; 3) usabllity (missing/
Incorrect responses, participant evaluation). Aesults Both the magnlfier and the two
linear scales outperformed the “1 in X" seale on all criteria. The magnifier scale per-
formed about as well as the two linear visual analog scales for validity (correlation
between direct and scale-derived rankings = .72}, reliability (test-retest correlation =
0.55), and usabllity (2% missing or Incorrect responses, B5% rated it easy to use).
62% telt the magnifier scale was a “very good or good” indicator of their feelings about
chance. The magnifier scale faciltated expression of low-probability judgments. For
example, the estimaled chance of parenting sextuplets was orders of magnitude fower
on the magnifier scale (median perceived chance 107%) than on iis linear counterpart
{107%). Participants’ assessments of high-probability events (e.g., chance of catching
a cold in the next year) were not affected by the presence of the magnifier. Conclu-
sions. The "1 in x" scale performs poorly and is very difficull for people fo use. The
magnlfier scale and the linear number scale are similar in validity, reliabllity, and us-
ability. However. only the magnifier scale makes it possible to elicit perceptions In the
low-probability range {<1%) Key words: patient perceptions; perceplion measurement
scale (Med Decls Making 2000;20:208~307)
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Clinicians, researchers, and policymakers have a
strong interest in learning how patients perceive the
chances of disease. If people at high risk of disease
are unaware of their elevated risks, they may fail to
appropriately consider potentially beneficial inter-
ventions. If those whose risks of disease are low have
a falsely heightened sense of risk, they may experi-
ence undue health-related anxiety or may pursue
interventions that offer more harrn than benefit. Ed-
ucational efforts and the informed consent process
must begin with not only an understanding of peo-
ple's beliefs regarding the nature of disease but also
their perceptions about the chances of disease.
Surprisingly little work has been done to validate
methods of eliciting such perceptions. Only one
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published study formally compares the psychomet-
ric properties of scales commonly used to quantify
patients' perceptions about health hazards. Diefen-
bach et al. concluded that format importantly influ-
enced the validity, reliability, and usability of a scale’
Two important problems limit the application of the
study results. First, the study sample consisted of
college students enrolled in an introductory psy-
chology course. Consequently, it is not known how
these scales would perform among those less edu-
cated . Second, the one scale intended to elicit small
probabilities (i.e, <1%)——the range of many diseases
screened for in the general population—performed
very poorly

We developed a new "magnifier’” visual analog
scale, designed to make it easier for people to quan-
tify event probabilities~—particularly small probabil-
ities. This scale, shown in figure 1, features a mag-
nifying glass 1o represent probabilites between 0
and 1% on a logarithmic scale. Although similar
scales have been used previously®™ they have not
been subject to formal evaluation. We evaluated the
magnifier scale's performance for events varying
widely in their probabilities and compared its valid-
ity, reliability, and usability with those of three
benchmark scales

Methods

OVERVIEW

The main goal of this study was to compare the
performance of the new magnifier scale with the
performances of three benchmark scales (figure 2}
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in a diverse group of people sampied from a uni-
versity and outpatient clinic setting. The respon-
dents’ main task was to estimate the probabilities of
six events using each of the four scales. In order to
test reliability, the survey was repeated at two weeks.

We compared the magnifier with the following
three benchmark scales:

s Linear word scale—a visual analog scale labeled
with words, based on the scale that performed
“best” in the Diefenbach et al. study.” Given the
inherent variability in how word labels are in-
terpreted teg, ‘very unlikely,” "moderate
chance™},”" this scale was designed to assess the
relative order of events rather than to quantify ac-
tual probabilities. Since ordering events is less de-
manding than estimating their probabilities, we
selected this scale as a benchmark to help define
a reasonable upperbound of scale performance.

» “1inx" scale—this format is widely used to quan-
tify chance. For examnple the "1 in 8" statistic used
by the American Cancer Society to describe a
woman's chance of developing breast cancer.”

» Linear number scale—a visual analog scale la-
beled with numbers (i.e, magnifier scale minus
the '‘magnifier"}. This quantitative benchmark al-
lowed us to isolate the effect of the "magnifying
glass.”

DESIGN AND SAMPLE

We recruited a convenience sample of 207 men
and women to complete our initial survey. Of these,
107 faculty and students at Carnegie Mellon Univer-

“Place an "X in either the magnifving glass or the lower part of
the scale to describe the chance of each evenr happening 1o you™

.....

(0.001%)
11n 100,000

FIGURE 1
scale. we included the following explanation:

{70 {90%)
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The magnifier scale for measuring perceptions of event probability Prior 1o the section of the survey with the magnifier

On the next few pages you will find guestions about how likely it is that various things will happen. We will ask you to put your
answers on scales like the ones you see here. The scale is a line which goes from “no chance” 0% to “certain” (100%) It has
a magnifying glass for the smallest chances For the first example, we have marked with an "X" the chance of an average person
being killed by lightning in the next 10 years Formunately, this chance is very low so it goes in the magnifying glass (Scale shown
with "X" marked shightly below 1 in 100.000) In example 2, we have marked with an "X the chance of getting junk mall in the
next year Unfortunately, this chance is very high {Scale shown with "X” marked between 90 and 100%}
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Linear Word Scale

“Place an "X~ on the pari of the scale thar describes
the chance of each event happening to you "

Very Modarate Very
Uniikely ch?nca I.Ikla|y
|
! i i |
No Uniikely Likely Contaln
Chance
"1 in x"' scale
"Wrile @ number in the blank below for each of the following events”
e.g. 1in chance that | will have a
heart attack sometime in the next 10 years
Linear Number Scale
"Place an "X on the part of the scale that describes
the chance of each event happening to you.”
{10% {30%) 50%) (70%) (80%)
101?1)00 30 in 100 5(gin1oo 70in 100 80 in 100
] )
Mo Chance Certainty
olr‘noo 2Giln100 I sml 100 ao;l 100 100&:1[100
h 40 in 100 n n
(0%} (20%) (40%) (80%) (80%) (100%)

Ficure 2 The three benchmark scales that the respondents also used to indicate the chances of six events

sity were recruited via an electronic bulletin board
The university participants received and returned
their surveys through campus mail The 100 veter-
ans and family members at the White River Junction
VA Medical Center were recruited from the clinic
waiting area, where they completed the survey. Re-
spondents were paid 85 for each survey completed

QUESTIONNAIRE DESIGN

The structure of cur guestionnaire and the basic
analytic approach built on those of Diefenbach
et. al.'! We selected six familiar events whose prob-
abilities ranged from extremely rare to exiremely
common. We asked respondents to rate the likeli-
hoods of the six events in different ways: 1) Direct
ranking: ordering the events by their chances of oc-
currence (ie, numbering them from 1 to 6} and 2)
scale-derived rankings: here the order was inferred
from how the respondents estimated the probabili-
ties of each of the six events on the magnifier and
the three benchmark scales (ie., 6 events X 4 scales
= 24 separate guestions).

Direct ranking. The first survey question asked:

Please rank the following in order of how likely it
is that each will happen 1o you. Use a "'1" ta indicate
the most likely event, a “2" for the second most
likely . . and so on up to “6" for the least likely

event. Please use each number only once to rank
the following 6 events in order of their likelihood:

e Die from any cause within the next 10
years.

— . Sustain a minor injury in a car crash
sometime in the next 10 years.

... Have a heart stiack sometime in the
next 10 years

w— Be the parent of ‘‘sextupleis’’ some-
time in the next 10 years.

—o Be diagnosed with breast cancer

sometime in the next 10 ygars

Caich a cold sometime in the next one

year.

We considered this direct ranking to be the "gold
standard" assessment, for two reasons. First, the or-
dering of probability judgments is preserved even
when absolute values are sensitive to the type of
scale used."**® Second, direct ranking makes no as-
sumptions about how respondents interpret num-
bers or words,

Scale-derived ranking. Respondents assessed the
likelihoods of the same six events on the magnifier
and on the three benchrnark scales. That is, for each
scale, we determined the scale-derived ranking of
the probabilities of the six events to compare against
the "“gold standard” direct ranking The scale-de-
rived rankings are simply the orders of the six events
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based on the respondents’ probability estimales us-
ing a particular scale, Standard ranking procedure
were followed; a missing values (i e., the respondent
failed 1o mark a particular scale} was not assigned
arank, and a tie was assigned the average of the tied
ranks.

To reduce any effects of event or scale order, we
randomly distributed four versions of the survey that
differed only in the ordering of the events and
scales. Since we observed no important ordering ef-
fect, we report the aggregated results

MEASURING VISUAL ANALOG SCALE RESPONSES

Linear scales. We measured the distance in mil-
limeters from the subject's mark to the scale's left-
most anchor {ie, “no chance”l. Dividing this value
by the 1otal length of the scale converts the mea-
sured distance into a probability measure and al-
lowed us to interpolate responses. For example, if
the scale were 100 mm long and the subject placed
a mark 75 mm from the leftmost anchor, the cor-
responding probability is 75 mm / 100 mm, or 0.75.

Magnifier scale. Respondents were asked to place
a mark in either the magnifying glass or the linear
portion of the scale. Marks on the linear portion
were interpolated as described above. Marks on the
magnifying glass portion were converted in the
same way after interpolating their positions on the
log scale (STATA subroutine available on request).

S5CALE EVALUATION CRITERIA

We judged the performance of sach scale using
three criteria adapted from prior work”: validity, us-
ability, and satisfaction, and test—retest reliability.

Validity. For each scale, validity was assessed by
correlating each respondent's direct and scale-de-
rived rankings of the chances of the six events.
These individuallevel Spearman correlation coeffi-
cients were calculated from six data pairs. For ex-
ample, for each person the validity of the magnifier
scale was the correlation of his or her direct and
magnifier-derived ranks for the six events. A scale’s
validity is the average of these 207 individual-level
coefficients.

Usability and satisfaction. After completing the
probability judgments, participants rated each scale
from ‘‘very hard to use” 1o "very easy to use’ and
on how well it represented their feelings about
chance from “very good indicator of my feelings” to
“very poor indicator of my feelings." Each partici-
pant also picked the one scale that best represented
his or her feelings about small chances. We also tal-
lied item non-response for each scale and the num-
ber of unusable responses.

Test—retest reliability. All respondents were asked
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1o complete the same survey approximately two
weeks later—178, or 88%, did so (VA sample 71%;
Carnegie Mellon University 100%). All retest surveys
were returned by mail

To calculate test-retest reliability, we began by
calculating the event-level {e g, chance of getting a
cold) Pearson correlation coefficient. This coeffi-
cient was calculated for the 178 pairs of probability
estimates for that event at test and retest. A scale's
test~retest reliability was the average of these six
event-level correlation coefficients.

NUMERACY

In addition to basic demographic information for
all respondents (age, sex, educational attainment, to-
tal household incomel), we assessed numeracy-—ba-
sic facility with numerical concepts and probability.
Nurmneracy was scored as the total number of correct
answers to the following three-itern scale™: 1) esti-
mate the number of heads in 1,000 flips of a fair
coin; 2) convert a proporton {1 in 1,000) into a per-
centage (0.1%); and 3) convert a percentage {1%] into
a proportion {10 in 1,000). Missing answers were
treated as incorrect

ANALYSEIS

Chi-square tests and Kruskal-Wallis tests were
used to compare scale evaluation criteria across the
four scales. All comparisons were two-sided and
were considered statistically significant at p < 0.05.
In order to assess whether the differences in validity
or reliability for the four scales were statistically sig-
nificant, we created multiple linear regression mod-
els. For the validity model, the dependent variable
was the Fisher Z-transformed validity correlation
coefficient and independent variables were indica-
tors for scale and person (ie., 207 individual-level
correlations X 4 scales = 828 observations). For the
reliability model, the dependent variable was the
Fisher Z-transformed reliability correlation coeffi-
cient and independent variables were indicators for
scale and events (i.e., 4 scales X & events = 24 event-
level observations). We used STATA 5.0 (College Sta-
tion, TX) for all analyses.

Results

Table 1 shows that our samples of university fac-
ulty and students (Carnegie Mellon University—
CMU, Pittisburgh, PA) and veterans and their families
{White River Juncon VAMC and ROC, Vermont)
represented both ends of the sociodemographic
spectrum. The CMU sample was younger, more af-
fluent, more likely 10 be employed or in school, and
had more formal education than the VA sampie. Dif-
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Tablet e Oharacterisﬁcs of the Study Sample by Site and Combined

Carnegie Mallon University

VA Medical Center

pitisburgh, PA White River Junction, VT Combined
Sample frame Faculty and students veterans and thelr famities
Number 107 100 207
Compieted retest survey {%6) 100% 1% BB%

Median age (25%ile, 75%iie} 34 years {22, 45}
Sex {women) 61%

Household income

<$10,000 11%
$10,000-24,989 28%
$25,000-49.880 32%
$50,000-74,809 18%
=575,000 17%
Highest leve! of education
<high school graduate 0%
High school degree 51%
College degree 31%
Postgraduate degree 18%
Employment
Student 23%
Empioyed 6B8%
Unemployed 0%
Retired 4%
Homemaker 0%

Numeracy score®

0 4%
1 &%
2 36%
3 54%

56 years (44, 68) 44 years (30, 5B}

52% 57%
21% 16%
41% 32%
33% 32%

3% 10%

2% 10%
21% 10%
55% 53%
23% 27%s

0% 9%

2% 13%
18% 44%

4% 2%
45% 24%
10% 5%
35% 18%
21% 13%
30% 33%
14% 35%

~Sum of number of correct answers to the ipllowing three numeracy guestions: best guess of the number of heads in 1,000 fips of a fair coim,
convers a prepostion {1 in 1,000) into 2 percentage {0.1%); and convert a percentage {1%) into a proportion {10 In 1,000).

ferences in education were particularly striking.
While all CMU respondents had graduated from
high school {and almost half had college or post-
graduate degrees), only & fourth of the VA respcn-
dents had continued their formal education beyond
high school Not surprisingly, numeracy scores dif-
fered markedly across the samples: the median
score was 3 at CMU, but only 1 at the VA.

Tables 2 and 3 show the performance criteria for
the magnifier and the three benchmark scales. Ta-
ble 2 reports on validity, usability, and satisfaction;
table 3 presents test—retest reliability We now con-
sider how the magnifier compares 10 each bench-
mark

MAGNIFIER V5 LINEAR WORD SCALE

As expected, the linear word scale had the highest
validity, usability, and reliability. In essence, this
scale established the upper bound of performance
that could be reasonably expected based on cur-

rently used methods. The magnifier did almost as
well as the linear word scale on most performance
criteria. At the same time; however, the magnifier
was designed to perform an even more challenging
task: actually quantifying probability.

MAGNIFIER V5. “1 IN x"' BCALE

The “1 in x" scale is commonly used to present
the chances of diseases under the assumption that
people can use it well. Despite its apparently simple
format, the “1 in x"' scale had the lowest validity {r
= 0.64) and test—retest reliability (r = 0.45). Partici-
pants described this scale as much harder to use
and a poorer indicator of their feelings than the
other scales.

Consistent with these poor ratings, 14% of the re-
spondents skipped the "1 in x" scales altogether
{compared with 2% for the magnifier scale). Figure
3 shows that proportions of missing responses dif-
fered particularly for low-probability events (i.e., 26%
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vs 1% on the magnifier]. Usability also differed ac-
cording to respondent numeracy. Participants were
called "innumerate' if they answered none or one
of our three numeracy questions correctly. These 66
individuals {32% of the total sample) often left the "1
in x"' scale blank (ranging from 18% 1o 50% across
questions) but seldom failed to complete any of the
magnifier guestions (never more than 5% missing).

Many people also seemed to have a difficulty with
the "1 in x" scale at both probability extremes. For
rare events, the "'1 in x" scale had a higher propor-
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dents on the magnifier). The "1 in x" scale signifi-
cantly limited expression of high event probabilities.
Given the awkwardness of writing something other
than a whole number in the blank, all respondents
defaulted to either one in two (0.5) or one in one (1)
for commeon events {e.g., 51% estimated the chance
of catching a cold to be "1” and 26% estimated it to
be "0.5"). On the magnifier, only 3% of the same
individuals estimated "1"” and 7% estimated “0.5."

MAGNIFIER V5 LINEAR NUMBER SCALE: MAGNIFIER

tion of participants defaulting to zero (e.g, about
half estimated the chance of parenting sextuplets to
be zero compared with 31% of the same respon-

EFFECT

The comparison of the magnifier with the linear

Table 2 ¢ Perormance Criteria for the Magnifier Scale and Three Benchmark Scales for Measuring Perceplions of Event Likelihood

(n= 207)
Benchmark Scales
Magnitier Linear Scales
Scale Numbers Word "1 in x" Scale
Validity
Correlation of scaie-derived ranks with direct
ranks* 072 074 078 Q.64
Usability
Missing or unusable responses 2% <1% 1% 14%
“"How easy was the scale to use?”
Very easy/easy 65% 68% 75% 38%
Very hard 6% 6% 4% 18%
Satisfaction with scale
"How well did the scale reflect your feelings about
each chance?”
very good/good indicator 62% 61% 7% 36%
very poor indicator 7% 8% 4% 16%

“ingicate the scale you liked best to represent
small chances, such as the chance of being
the parent of sextuplets 30% 14% ADL 6%

“In & multiple finear-regression model (where the dependent variabie was the Fisher Z-transformed cormrelation coefficient) controlling for person. the
"1 in X" scale was significantly dower than the other three scales (p < 0.001}

Table 3 s Tesi-Relest Rellabliities of the Magnifier Scale and Three Benchmark Scales.*

Benchmark Scales

Linear Scales

Magnifier
Scale Numbers Word "1 in x" scale
Parent of sextupiets 0.46 042 0.69 o22
Minor injury in car crash 0.41 0.44 0.45 032
Die from any cause 0.53 0.61 078 047
Hear attack 0.53 0.64 0.70 0.55
Caiching a cold 0.70 064 068 0.57
Being diagnosed with breas! cancer 0.67 0.66 .86 0.58
Meant 0.55 0.57 089 045

*The number in each cell is the Pearson corretation coefficlent for parceptions on identical surveys two weeks apart {n = 178},

1To put these resulls in comext, the correlation between direct rankings at test and retest was 0 B3 Because test-retes! rejiability varied acress the
six events, we used mulliple linear regression 1o test for statistical diffsrences between the scales independent of these diMerence across events For
this analysis. the dala sel consisted of a 4 "scale” x 6 "even!” table where the value in each cell was the Z-transformed Pearson's correlation coeflicient
In this model. the depencent variable was the Z-transformed Pearson correlation coefficient and indicator variables for scale type and event were the
Independent variables
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Intermediate Event: Dying for any reascn

Overall B
Innumerate

Common Event:  Catching a cold

Overall B

(nnumerate e

¥ ¥ 3

0 16 20 30 40 50
% Missing ar Unusable Response

Ficure 3 Percentages of rissing or incorrect responses for
perceptions of rare, intermediate, and common events an the "1
in x" scale and magnifier scales Since there were 5o few miss-
ings for the linear word and number scales {1% or Jessh we
could not examine the effect of numeracy for these scales. The
results are presented for the entire sample (n = 207) and for the
66 respondenis deemed innumerate’ (defined as answering
only © or 1 of 3 numeracy guestions correctly) W= "1inx"
scale; [J = magnifier scale

number scale helps to gauge the costs and benefits
of adding the magnifying glass The cost proved neg-
ligible. These two scales had the same validity (mean
correlations between direct and scale-derived rank-
ings of the six events were 0.72 vs 0.74 for the mag-
nifier and linear scale, respectively}, usability (65% vs
68% rated the scales "“easy to use”), and test—retest
reliability (0.55 vs 0.57).

DID THE MAGNIFIER ALLOW PEOPLE TO EXPRESS
S$MALL CHANCES?

Ideally, the magnifier scale allows people to indi-
cate small chances when that is what they mean to
do. As can be seen in table 4, the magnifier-scale
responses were much smaller for the two events
generally acknowledged to be rare: the ten-year
chance of parenting sextuplets and a man's ten-year
chance of developing breast cancer For both events,
perceptions were orders of magnitude lower on the
magnifier than on the linear scale (median per-
ceived chance 107° vs 107°).

DOES THE MAGNIFIER BIAS HESPONSES TOWARD
ZERQ?

One concern about the magnifying glass is that it

R

MEDICAL DECISION MAKING

will artifactually bias all responses downward (e,
toward zero} because it may suggest that we expect
small values. If the magnifying glass biased re-
sponses downward, we would expect to see reduc-
tions in all estimates. On the other hand, if the scale
worked as intended, we would expect the magnify-
ing glass to reduce estimates for rare events but not
for common events.

While the estimates of rare events were lower, we
observed no downward shift in the responses for
estimates of the high-probability events on the mag-
nifier scale. The distributions of probabilities for the
chance of catching a cold in the next year were al-
most identical with the two scales [median (inter-
quartile range) for magnifier: 0.87 (0.50, 0.97); for
linear nurnber 0.88 {049, 0.99)].

The intermediate-probability event, the ten-year
chance of dying frorm any cause, is age-dependent.
Therefore, we stratified the subjects by age (< 30,
3059, 60+ years). On both scales, the median prob-
ability estimates appropriately and similarly in-
creased with age. While the median estimates for
the two scales were nearly identical, we did find a
shift in the distributions of the responses. For the
youngest participants, the low end of the interquar-
tile range was lappropriately} an order of magnitude
lower on the magnifier compared with the linear
scale (25%ile: 1077 vs 107", while the upper end of
the range was unchanged {(75%ile: 0.22 and 0.25)
Thus, only respondents who thought their chances
of dying were low li.e., marked the low end of the
linear number scalel moved into the magnifying
glass.

The same phenomenon was seen for participants
aged 30-59 lie, a tenfold difference in the 25%ile:
107 (magnifier} vs 0.10 {linear}] For those aged 60
and older, the shift was smaller, a threefold differ-
ence {25%ile: 0.10 vs 0.29). '

CAN RESPONDENTS WITH LOW NUMERACY USE
THE MAGNIFIER SCALE?

The magnifier scale received usability ratings sim-
ilar to those of its simple linear countierpart, even
among innumerate respondents. Innumerate re-
spondents rated the magnifier scale as "very easy or
easy” to use (66% gave this rating to the magnifier
and the linear number scale) and as a good indi-
cator of their feelings about chance {59% gave this
rating to the magnifier scale vs 62% giving this rating
to the linear number scale). Moreover, table 5 shows
that participants with low numeracy were also able
to use the magnifier scale sensibly. As with the entire
sample, probability estimates for rare events were
again orders of magnitude lower on the magnifier
than on the linear scale, with little evidence 1o sug-
gest that the magnifier biased responses toward zero.



VOL 20/NO 3, JUL-SEP 2000

Table 4 e FPerceptions of Rare, Infermediate, and Common Event Probabilities Expressed on the Magnifier and Linear Nurmber

Scales
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Magnifier Scale Median

(25%ile, 75%ile)

Linear Nurmber Scale
Median (25%ile, 75%ile)

Rare events

Being the parent of sexiupiets in the next ten years (n = 207}

Being diagnosed with breast cancer in the next ten years
Men {n = BB}

Intermediate event
Dying from any cause In the next ten years
20-289 yo {n = 48)
30~-59 yo {n = 107}
6082 yo {n = 50}

Common even!
Calching a cold in the next year (n = 203)

1675 (0, 1079

1078 {0, 1079

010 (107%, 0.22)
0.20 (10°%, 0.50)
0.50 (0.10, 0.60)

0.87 (0.50, 0.87}

1072 (0, 1079

1077 (0, 107%)

010 (1073, 0.25)
0.28 (0.10, 0.48)
0.50 (0 29, 0.60)

088 (0.49, 0.99)

Table 5 & Perceptions of Rare, Intermediate, and Cornmon Event Probabllities Expressed on the Magnifier and Linear Number

Scaies for the 66 "Innumerate” Participants (i.e., Numeracy Score of 0 or 1)

Linear Number Scale
Median (25%lig, 75%lie)}

Magnifier Scale Median
(25%lie, 75%He)

Rare events
Being the parent of sexiuplats in the next ten years (n = 66}
Being diagnosed with breast cancer in the next ten years
Men {n = 24}

Intermediate event
Bying from any cause in the next ten years
39~-53 yo {n = 32)
60--B2 yo {n = 30)

Common evert
Catch a cold in the next year {n = 66)

1075 {0, 1079 1672 {0, 1079

107° (0, 1073 1072 (D, 107%)

.31 (1074, 0.50)
0.44 (010, 0 79)

0.32 (010, 0 50)
050 (0 24. 0 68)

0861 (0.30, 0.97) 0.60 (0.30, 0.95)

Riscussion

Despite its initially daunting appearance, the mag-
nifier scale was rated easy to use-—even among re-
spondents with low numeracy. The magnifier al-
lowed respondenis to better communicate
perceptions of low-probability events—estimates of
events such as the chance of parenting sextuplets
were orders of magnitude lower on the magnifier
than on the linear nurnber scale, without evidence
of a systematic blas toward zero. The benefit of the
magnifying glass comes at little cost: overall its va-
lidity, reliability, and usability approximated those of
the less demanding {but non-quantitative) linear
word scale, far outperformed the "1 in x" scale, and
were consistently as good as those of its simple
counterpart, the linear number scale.

The responses to the linear number and magni-
fier scales present different pictures of peoples' ex-
pectations regarding low-probability events. The lin-
ear number scale may have forced these
respondents to overestimate the probabilities of
such events because it effectively prohibits re-

sponses between 0 and 1%. Various studies have
found that people dramatically overestimate the
chanees of rare outcomes™ ™ The present results
suggest that the problem may not be thinking about
small probabilities, but expressing them in the re-
sponse modes that investigators offer.

BENCHMARK PERFORMANCE: "1 IN x'" AND LINEAR
WORD SCALES

The performance of the "1 in x" merits special
comment. This format is frequently used 1o present
disease risk, for example, the American Cancer So-
ciety uses it in reports of SEER data such as the often
cited "1 in 8 liferime chance of getting breast can-
cer.™ A recent paper in the New England Journal
of Medicine went so far as to suggest that clinicians
use the "1 in x” to help patients put their breast
cancer risks in perspective.”’ Despite its widespread
use, we found that the "1 in x" scale performed sub-
stantially worse than all the other scales examined.

The explanation for the poor performance of the
“1 in x" scale probably relates to three cognitive
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challenges posed by the scale. Its open-ended for-
mat lie, fill in the blank) requires respondents to
generate their own response options without sug-
gestive anchors. Second, the awkwardness of filling
in the blank with anything other than a whole num-
ber tends to constrain responses at the high end to
33% (1 in 3); 50% (1 in 2}, or 100% {1 in 1). Expressing
any other probability requires substantial mental ef-
fort le g, 75% = 1 in 1 1/3). Third, this format invites
confusion because smaller chances are expressed
with larger numbers in the denominator (eg., 1 in
200 vs 1 in 500).

We want to be clear that our study assessed the
performance of "1 in x" for eliciting perceptions of
chance only—not presenting information. Nonethe-
less, we believe our results should raise questions
about the usefulness of this format for presenting
data. In fact, a recent study suggests that people
have trouble understanding information presented
to them in this way. This study asked patients to
select the larger of two risks when the risks were
expressed as "1 in x" or as a number per 1,000
When the risks were expressed in the "1 in x" for-
mat, 17% fewer patients were able to correctly fudge
the larger of themn

The performance of the linear word scale also
merits comment. It has been shown that people
tend to prefer expressing their perceptions of
chance using words as opposed 1o numbers.” Not
surprisingly, the linear word scale did as well as or
better than the other scales in terms of validity, re-
liability, and usability The fundamental limitation of
the word scale is that absolute numerical probabil-
jities can onily be inferred from responses to this
scale. The prior literature on the variable interpre-
tations of verbal probability labels demonstrates that
“likely" may mean 50% to me and 1% to you. Second,
even within subjects the quantitative meanings of
words such as 'likely” can vary dramatically de-
pending on the context. Thus, we think it is impoi-
tant to be extremely cautious before imputing ab-
solute probabilities from responses on the word
scale If one's goal is to determine the perceived rel-
ative order of events, our data suggest that the linear
word scale may be the best choice. However, if the
goal is 1o elicit absolute probability estimates, we
think the word scale is inappropriate, and would
argue for the magnifier scale.

FUTURE WORK

Our study rajses two important questions. First,
did our subjects really understand the log scale rep-
resented in the magnifier? Almost all respondents
put answers inside the magnifier when estimating
the chances of events that most people would accept
as being rare. Furthermore, the distribution of re-

MEDICAL DECISION MAKING

sponses within the magnifier was appropriately
shifted depending on the rarity of the event. For ex-
ample, the distribution for the chance of parenting
sextuplets was centered over the leftmost extreme
of magnifier (i.e., 1 in 100,000}, while responses for
20-year-olds’ chance of dying in the next ten years
were correctly distributed around 1 in 1,000 How-
ever, using the magnifier sensibly—1to express the
belief that an event has a small but non-zero prob-
ability of occurring-—is not the same as using the
scale literally (i.e, understanding the interval prop-
erties of a logarithmic scale). While we can infer that
the respondents understood the magnifier to mean
“rare," and that moving toward its leftmost anchor
meant increasingly rare, whether they understood
that 107° is precisely 100 times smaller than 1072, for
example, is an open question. This question, haw-
ever, should not undermine what the magnifier con-
tributes, and in fact, this same question about literal
understanding could be raised about any of the
scales examined.

Becond, what constitutes validation for a scale
measuring perception of event probability? Unfor-
tunately, there is no accepted external criterion ie.,
"gold standard”) for validating how well our secale
really captures a person’s perception of chance. In
fact, none of the scales considered in our study—
even the linear scale labeled with numbers— has
undergone formal study, with the exception of Die-
fenbach's study.” We considered several approaches
to validation. First, we considered using an objective
calculation of the respondent’s actual risk. Compar-
ison with this standard, however, would measure
how accurately people estimate event probabilities
rather than how well the scale captures their per-
ceptions of those probabilities. Second, we consid-
ered using behavior—whether or not a respondent
tock action 1o reduce his or her risk (e g., had mam-
mography! This standard also seemed inappropri-
ate, since behavior reflects not enly perceived prob-
ability of an outcome but also its utility {i.e., how a
person values an event, whether it is perceived as
particularly dreadful, avoidable, or controllable™ >
Instead, we based our approach on the work of Die-
fenbach et al® While this approach is not perfect,
we believe it has strong face validity. We used an
individual's direct ranking to establish his or her rel-
ative ordering of the likelihcods of six events. Each
scale was judged by how well this ordering was pre-
served when the individual quantified each proba-
bility on the scale.

Perceptions of chance-—the likelihood of disease,
the probability of cure—are of fundamental impor-
tance 10 patients and clinicians. Valid, reliable, and
usable methods for assessing patients’ perceptions
of chance are needed to gauge whether their deci-
sions are informed by realistic perceptions and to
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evaluaie the effects of educational interventions on
these perceptions. Such methods are also important
to gquantitative decision researchers, since valid
probahility judgments are a fundamental input to
utility assessment. Our results indicate that the new
magnifier scale has the same validity, reliability, and
usability as the linear number scale in helping peo-
ple guantify their perceptions of probability. The
magnifier scale has the important advantage of al-
lowing people to express perceptions of low-proba-
bility events in a range practically inaccessible on
standard linear scales.

An analysis of the data collecled at Camegie Mellon University
was presented in Stephanie Byram's PhD dissertation at Car-
negie Mellon University, Department of Social and Decision Sci-
ences, April 1998. The authors thank Therese Stukel, PhD, and
George Wolford, PhD, for their statistical expertise and Mary W.
Heath {or technical assistance.
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