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ABSTRACT

Although precision is often important in quantitative judgment, sometimes, it is valuable to recognize that two quantities are roughly the same.
Fuzzy-trace theory suggests that approximately equal judgments rely on gist representations (i.e., meaningful fuzzy categories of quantity). We
conducted three experiments to investigate approximately equal judgments with number pairs presented in different formats, both with and
without semantic content (breast cancer statistics). In each study, the ratio of the smaller divided by larger number predicted approximately
equal judgments. Experiment 1 also examined how knowledge of breast cancer, presentation format (frequencies vs. percentages), and differ-
ences in gist comprehension of breast cancer information influence fuzzy equality judgments. As predicted by the fuzzy-trace theory concept of
denominator neglect, approximately equal judgments were more sensitive, as measured by signal detection theory (SDT) analyses, when pre-
sented as percentages. In both experiments with breast cancer statistics, people were more likely to judge number pairs approximately equal
when they were embedded in sentences about breast cancer, and breast cancer knowledge predicted increased perception of equality, when ap-
propriately consistent with reliable sources, and increased judgment sensitivity. In Experiment 2, a simple intervention focusing on gist meaning
increased source-consistent approximately equal judgments, increased SDT judgment sensitivity, and decreased SDT response bias. In
Experiment 3, using number pairs devoid of semantic context spanning four orders of magnitude, we further examined ratio similarity. Overall,
more knowledgeable judges and those who better understood the gist of meaningful numbers were more likely to judge literally different
numbers as “approximately equal” rather than make precise discriminations that were meaningless. Copyright © 2017 JohnWiley & Sons, Ltd.

Additional Supporting Information may be found online in the supporting information tab for this article.
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As students of judgment and decision making, we are accus-
tomed to thinking about sophisticated quantitative judgment
as a matter of making precise distinctions. Yet, in some con-
texts, it is important for decision makers to recognize when
differences between quantities are of no real consequence.
For example, an experienced pediatrician tells of young
parents calling anxiously to report that a small child has a
“fever” of 99 °F. In fact, although 99 °F is greater than the
conventionally normal 98.6 °F, it is not typically not
diagnostically different. Indeed, body temperature varies
both within and among individuals, and 98.6 °F is simply a
conversion of the whole number 37 on the Celsius scale.
Other cases when it is useful to recognize that two numbers
are roughly the same or approximately equal include exceed-
ing “significant digits,” as when a student reports a group
mean of 52.3814672 rather than 52.38.

The ability to make appropriate approximately equal judg-
ments is, thus, important in many contexts, yet it has received
little attention from researchers. Zhang and Schwarz (2013)
found that precise numbers such as $29.75 had a larger influ-
ence on subsequent judgments (e.g., of the wholesale price of
an item) than round numbers such as $30 when communi-
cated by a person but not when resulting from an impersonal
process. They attributed this to the Gricean maxims of con-
versation, which hold that in dialogue, people should provide
only relevant information. This indicates that when people are

communicating, there is a tacit expectation that precise
reporting should serve a specific purpose (see also Yaniv &
Foster, 1995). In a study of the anchoring-and-adjustment
heuristic, Janiszewski and Uy (2008) found that over a wide
variety of materials, people made larger adjustments to esti-
mate quantities after seeing rounded anchors such as $5 or
4 km rather than precise anchors such as $4.85 or 3.998 km.
Because insufficient adjustment is a key characteristic of
anchoring-and-adjustment bias, this demonstrates the utility
of rounding.

Approximately equal judgments can be distinguished from
failure to discriminate just-noticeable differences (Norwich &
Wong, 1997), the psychophysical threshold at which
differences between stimuli are perceived when systemati-
cally varied along a dimension. Rather, approximately equal
judgments are deliberate and meaningful categorical discrim-
inations. They can also be distinguished from judgment
overprecision (Moore&Healy, 2008;Moore, Carter, &Yang,
2015), which is the excessive faith that one’s quantitative
judgments are correct, leading to overconfidence.

Our research on approximately equal judgments is guided
by fuzzy-trace theory (FFT; Reyna, Nelson, Han, &
Dieckmann, 2009). FTT holds that when people encode in-
formation, it is mentally represented on a continuum from
precise verbatim representations to vague gist representations
signifying its bottom-line meaning (Reyna, 2008). Thus, the
word “gist” is used in the everyday sense of a condensed ver-
sion focusing on essential meaning. People generally prefer
to reason with the least precise gist representation that allows
them to accomplish a cognitive task, such as making a choice
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(Reyna, Chick, Corbin, & Hsia, 2014). Moreover, experts in
a given knowledge domain tend to rely more heavily on gist
than novices (Blalock & Reyna, 2016; Reyna & Lloyd,
2006), and adults rely on gist representations more com-
monly than children (Brainerd, Reyna, & Ceci, 2008).

Gist representations can thus be seen as a hallmark of
effective reasoning rather than a sign of sloppy thinking.
However, people also employ a number of suboptimal
simplification “strategies” that lead to fallacious reasoning
and other problems. To illustrate, one suboptimal strategy
is denominator neglect. When people reason with nested
hierarchies of overlapping quantitative information, it is dif-
ficult to keep track of the complex web of interrelationships
among quantities. Thus, people sometimes ignore the
relevant denominators and make judgments and decisions
by comparing the relevant numerators without reference to
the appropriate denominators (Garcia-Retamero, Galesic, &
Gigerenzer, 2010). Denominator neglect can lead to
judgment and decision-making fallacies including base rate
neglect, (Wolfe, 1995) conjunction and disjunction fallacies,
(Wolfe & Reyna, 2010), and inconsistencies in conditional
probability estimation (Wolfe, Fisher & Reyna, 2013). In
the present work, we test the prediction that approximately
equal judgments will be less accurate when larger numera-
tors and denominators are employed due to denominator
neglect.

In seeking to understand how people make judgments that
two quantities are roughly the same or approximately equal,
our starting point is FTT’s insight that quantities can be
represented along a continuum of gist ranging from exact
numerical representations at the verbatim end to qualitative
(nominal) categorical representations at the most gist-like
end (Broniatowski & Reyna, 2017). For example, comparing
the quantities 3.56 and 3.61, if they are presented on a ratio
scale (with a true zero), then the representation could appro-
priately include the information that 3.61 is about 10.14%
greater than 3.56. An interval representation would include
the information that 3.61 is 0.05 greater than 3.56. An ordinal
representation would represent that 3.61 > 3.56 without ref-
erence to the specific difference. A categorical representation
includes judgments such as same or different, in this case,
that 3.61 is “different than” 3.56. We note that numbers
can also be represented nominally (as, e.g., when LeBron
James wears number 23 for the Cleveland Cavaliers). Our
overarching theoretical framework is that approximately
equal judgments rely on a categorical question “about the
same or different?” that should typically yield useful gist
representations for effective judgment and decision making
rather than indicating sloppy thinking.

Key research questions concern the relationship between a
pair of numbers and the likelihood of them being judged
approximately equal. Our starting point was that approxi-
mately equal judgments are relative, and thus, for a pair of
numbers, the ratio of the smaller number divided by the
larger number (henceforth “the ratio”) would be a predictor,
consistent with the Weber–Fechner psychophysical function
(Norwich & Wong, 1997), and we also examined other
functions by way of contrast (e.g., involving differences
rather than ratios). We reasoned that people would be very

unlikely to judge a pair of numbers approximately equal
when the ratio was low and that the numbers would have to
be quite similar to be judged approximately equal, regardless
of pragmatic or semantic context.

We conducted three controlled experiments to investigate
approximately equal judgments with number pairs presented
in different formats and with semantic content pertaining to
breast cancer statistics so that we could assess the role of
knowledge and comprehension in that domain and over a
large range of values.

EXPERIMENT 1

The purpose of the first experiment was to understand how
semantic context of numbers (no semantic context or about
breast cancer), declarative knowledge about breast cancer,
and gist comprehension of that domain influence judgments
of fuzzy equality. We also investigated effects of presenta-
tion format, individual differences in numeracy, and the rel-
ative reliance on qualitative versus quantitative information.
Specifically, we assessed knowledge of breast cancer, with
half of the number pairs presenting statistics about breast
cancer and the other half of the pairs devoid of semantic
content.

We chose breast cancer for three reasons. First, approxi-
mately equal judgments should play a role in medical
decision making (as when a person estimates her cancer risk
in considering different courses of action). Second, previous
research provides us with a number of reliable and valid
instruments for assessing participant’s understanding of
breast cancer (Widmer et al., 2015; Wolfe et al., 2015;
Cedillos-Whynott et al., 2016; Wolfe, Reyna, Widmer,
Brust-Renck et al., 2016). Finally, a number of reputable
sources such as the National Cancer Institute (NCI) provide
reliable statistics on breast cancer and some indications about
whether some statistics are roughly the same or approxi-
mately equal, as when they suggest that the rate of breast
cancer was “unchanged” from 1 year to another even though
the statistics were not identical. Using real cancer statistics as
stimuli, as distinct from fabricated stimuli, allows us to un-
derstand the role of participants’ domain-specific knowledge
of breast cancer in judgments about when cancer statistics are
approximately equal. We reasoned that the judgments of
individuals with a better understanding of breast cancer
would be more like those of reputable sources such as the
NCI, American Cancer Society, and Journal of Clinical
Oncology in proclaiming two breast cancer statistics
“approximately equal” than low-knowledge individuals.

The first experiment tests seven hypotheses.

Hypothesis 1. We expect that participants will be more likely
to make approximately equal judgments when reliable
sources do so than when they do not.

Hypothesis 2. Following the FTT concept of denominator ne-
glect, we predict that approximately equal judgments will be
more accurate and more “sensitive” (in the signal detection
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theory (SDT) sense in which pairs are judged as the same
when the same and different when different) in the percent-
age format than in the frequency (X in 10 000) format.

Hypothesis 3. Following the FTT notion that approximately
equal judgments are based on meaning, we predict that the
semantic context of breast cancer statistics will produce more
approximately equal judgments than when number pairs are
presented devoid of context.

Hypothesis 4. For breast cancer statistics, we predict that gist
comprehension of breast cancer will predict judgments of
approximately equal designated by reliable sources and
correlate with greater judgment sensitivity.

Hypothesis 5. For breast cancer statistics, we predict that the
measure of declarative knowledge of breast cancer will
predict “reliable source” judgments of approximately equal
and correlate with greater judgment sensitivity.

Hypothesis 6. We predict that the individual differences in
quantitative reasoning, as measured by objective numeracy
and the Fuzzy Processing Preference Index (FPPI; which
assesses ability to integrate quantitative base rate information
with qualitative information), will be positively correlated
with “reliable source” judgments of approximately equal
and greater judgment sensitivity.

Hypothesis 7. We predict that approximately equal judg-
ments will be relative such that the ratio (smaller number di-
vided by the larger one) will be good predictor of the portion
of participants judging them to be approximately equal.

Method
Participants
One hundred eighty-two Miami University students partici-
pated for course credit. Subjects self-identified as about
63% female, reporting a mean age of 18.9 years, with about
87% White and 79% with mothers having a 4-year college
degree or more education.

Materials
In a within-subjects design with individual difference mea-
sures, all participants were given the same materials, with
half given blocks of number pairs in the reverse order. There
were four blocks of 24 number pairs with the same quantities
(expressed in different formats) used in each block. Half of
the blocks presented number pairs as percentages, for exam-
ple, 3.56% and 3.61%; and half of the blocks presented the
same quantities in the frequency format, for example, 356
in 10 000 and 361 in 10 000. Crossed with format, half of

the blocks presented the number pairs without semantic con-
tent, and the other half presented number pairs as statistics
about breast cancer, ovarian cancer, and BRCA1 genetic
mutations; for example, “At age 60, the chance that a woman
will develop breast cancer in the next ten years is 356 in
10,000” and “At age 62, the chance that a woman will de-
velop breast cancer in the next ten years is 361 in 10,000.”
The block with number pairs presenting cancer statistics
expressed as percentages is provided in Appendix S1. For
half of the number pairs within each block, (12) reliable
sources such as the NCI and the American Cancer Society
indicate that they are approximately equal, as when the rate
of breast cancer is described as unchanged across 2 years
or among different geographical regions (see Appendix S1
for the sources as well as the number pairs in context). For
the other half of the number pairs, the literature suggests that
one number is larger than the other.1

Demographic questions and individual difference mea-
sures were presented between blocks of number pairs to re-
duce carry over effects from one block to the next.
Participants were given a test of declarative knowledge of
breast cancer and risk2 to assess differences in breast cancer
knowledge. The test consists of 52 multiple-choice items
on breast cancer, genetic risk, and genetic testing originally
developed to assess the effectiveness of the BRCA Gist
Intelligent Tutoring System (Wolfe et al., 2015; Wolfe,
Reyna, Widmer, Cedillos-Whynott, Brust-Renck et al.,
2016; Wolfe, Reyna, Widmer, Cedillos-Whynott, Weil
et al., 2016). Cronbach’s alpha was .88, indicating reliability
(Wolfe et al., 2015), and validity is suggested by the finding
that BRCA Gist participants scored significantly higher than
NCI participants.

To assess differences in comprehension of breast cancer
concepts, we used a 40 item 1–7 Likert-scale instrument
measuring gist comprehension2 of information about breast
cancer and genetic testing. This gist comprehension instru-
ment was originally developed to assess the effectiveness
of the BRCA Gist Intelligent Tutoring System but was used
in the present research to measure existing variation in com-
prehension. Gist comprehension items such as “the greatest
danger of dying from breast cancer is when it spreads to
other parts of the body” express the gist of that knowledge
—the essential bottom-line meaning. People can strongly
endorse statements such as these without remembering the
precise verbatim details. The item stem is stated at a general
level such that verbatim information is not needed to answer
the question. The response format permits degrees of agree-
ment, with some items reverse scored. Reliability is demon-
strated by Cronbach’s alpha of .85 (Wolfe et al., 2015;
Wolfe, Reyna, Widmer, Cedillos-Whynott, Brust-Renck
et al., 2016; Wolfe, Reyna, Widmer, Cedillos-Whynott, Weil
et al., 2016), and validity is indicated by the finding that

1We also attempted to create a set of items using the same numbers
corresponding to common everyday knowledge. However, developing
highly plausible number pairs for content drawing on common knowledge
proved too difficult, and these materials were excluded from the analyses
as unreliable.
2These instruments can be downloaded online from http://mdm.sagepub.
com/content/35/1/46/suppl/DC1
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people randomly assigned to BRCA Gist scored significantly
higher than those assigned to study the NCI website.

“Numeracy” is analogous to literacy for quantitative
concepts, and low numeracy is associated with difficulties
in risk comprehension and medical decision making
(Brust-Renck, Royer, & Reyna, 2013; Reyna, Nelson, Han,
& Dieckmann, 2009). We used a 15-item objective numeracy
instrument (Peters, Dieckmann, Dixon, Hibbard, & Mertz,
2007) with 11 items originally developed by Lipkus, Samsa,
and Rimer (2001) and 4 more items added by Peters et al.
(2007). Cronbach’s alpha for the instrument ranges from
.70 to .75 (Lipkus, Samsa, and Rimer, 2001).

We gave participants the FPPI, (Weil et al., 2015; Wolfe
& Fisher, 2013) an instrument assessing differences in the
way people integrate numerical base rates and qualitative text
in making probability judgments. The FPPI has 19 items in
which the presentation of the quantitative base rates and
specific statements verbal information lead in opposite
directions. Cronbach’s alpha is consistently above .90, and
validity is suggested by significant correlations between
FPPI scores and other measures (Wolfe & Fisher, 2013).
The FPPI has 4 “M-Scale” items used to distinguish between
thoughtful responding and a simple matching heuristic that
are used for screening data quality. One M-scale item is
“… only 10% of the High School soccer referees are
women... Sam will not be refereeing this year because Sam
is pregnant.” Estimating P(woman) = 10% indicates a
matching heuristic. The FPPI and M-Scale items can be
found in the appendices of Wolfe and Fisher (2013). We also
collected pilot data for assessment instruments under
development.

Half of the participants received the materials in the order
percentage followed by frequency judgments, and the other
half in the order frequency followed by percentage
judgments. Both percentage and frequency judgments for
cancer number pairs were elicited before judgments for
numbers without content. Individual differences assessments
were interspersed between the sets of number-pair judgments.
For example, for one group, the order was as follows: cancer
pairs (percentage format), demographic questions, cancer
pairs (frequency format), declarative knowledge, number-
alone pairs (percentage format), gist comprehension, and
number-alone pairs (frequency format), followed by the FPPI
and objective numeracy tasks.

Procedure
When participants arrived at the laboratory and after provid-
ing informed consent, they then completed experimental
tasks on laboratory computers individually, with one to three
participants typically in the laboratory at the same time.
Participants accessed the Qualtrics survey online using an
ordinary web browser. All tasks typically took about
25 min to complete.

Analyses
Each participant made a total of 96 judgments about whether
number pairs are approximately equal. For breast cancer

statistics, reliable sources such as the NCI website designated
12 pairs approximately equal and 12 with the smaller number
less than the larger. The same number pairs were also
presented without verbal context. These were crossed with
presentation in the format of percentages or frequencies.

The plan of analysis is to first report the results of a 2 × 2 × 2
within-subjects mixed model analysis of variance (ANOVA)
with subjects as a random effect comparing mean approxi-
mately equal judgments over 12 number pairs by semantic
context (breast cancer statistics or no verbal context) and
format (percentages or frequencies) and expert source desig-
nation of difference (approximately equal or less than) at the
level of the individual subject. We note that expert source
designations are limited only to breast cancer statistics even
though the same number pairs are presented devoid of context
and are analyzed as a crossed factor. Then, we present a
regression model adding the individual difference measures
declarative knowledge of breast cancer, gist comprehension
of breast cancer, FPPI, and objective numeracy to the signifi-
cant experimental effects from the ANOVA to predict mean
approximately equal judgments over 12 number pairs. After
that, we present a logistic regression analysis at the level of
the individual item to assess the underlying psychophysics
of approximately equal judgments with respect to each pair
of numbers. Next, we use logistic regression at the individual
item level with random intercepts to control for subject effects
to assess the contributions of the significant individual
difference measures in the context of the independent factors
and problem characteristics (e.g., the ratios of compared
numbers). Finally, for breast cancer statistics, we present a
signal detection analysis to disambiguate judgment sensitivity
from response bias.

Results
Thirty participants failed one or more of the FPPI M-scale
quality control items (e.g., endorsing that the probability that
a pregnant soccer referee is a woman is only 10%) and were
excluded from subsequent analyses. A 2 × 2 × 2 within-
subjects ANOVA shows main effects for semantic context,
format, and source designation, with a significant interaction
between Source Designation and Format. Number pairs alone
had a mean of 37.1% (SD = 48.3) judged approximately equal
compared with 42.4% (SD = 49.4) when the context was
breast cancer statistics, F(1, 1050) = 20.00, p < .001. In the
frequency format, 35.2% (SD = 47.8) were judged approxi-
mately equal compared with 44.5% (SD = 49.7) in the Percent
format, F(1, 1050) = 58.54, p < .001. Number pairs
designated as approximately equal by reliable sources (in the
context of breast cancer statistics) were much more likely to
be judged approximately equal than those that were not. For
number pairs not attributed approximately equal by reputable
sources, 14.2% (SD = 33.9) were judged approximately equal,
whereas for number pairs attributed approximately equal by
reputable sources, 65.2% (SD = 47.2) were judged
approximately equal, F(1, 1050) = 1880.45, p < .001. The
interaction between format and source designation was
significant, F(1, 1050) = 6.25, p = .013. When sources
designated number pairs approximately equal in the
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percentage format subjects made 71.1% approximately equal
judgments, the same number pairs in the frequency format
were judged approximately equal for 59.2% of judgments,
when sources designated number pairs less than in the per-
centage format subjects made 17.3% approximately equal
judgments, and for the same number if the percentage format
11.2% were judged approximately equal. Tukey’s honest sig-
nificant difference indicates that all are significantly different
to one another. The semantic context by format interaction
was not significant F(1, 1050) = 2.97, p = .085. The semantic
context by source designation interaction was not significant,
F(1, 1050) = 1.43, p = .232, and the semantic context by
source by format interaction was not significant, F< 1. Thus,
our first three hypotheses were supported.

We performed a regression analysis predicting the percent
of 12 number pairs judged approximately equal by the signif-
icant variables from the ANOVAs on experimental manipu-
lations and adding the individual difference measures
declarative knowledge of breast cancer, gist comprehension
of breast cancer, FPPI, and objective numeracy. Format,
source, and semantic context remain significant predictors,
(each p < .001); however, the source by format interaction
was only marginally significant, t = 1.98, p = .0597. Hypoth-
esis 4 was supported with gist comprehension of breast can-
cer significantly predicting approximately equal judgments,
t = 5.18, p < .001. Supporting Hypothesis 5, breast cancer
knowledge was a significant predictor of percent approxi-
mately equal judgments, t = 2.99, p = .0028. Hypothesis 6 re-
ceived little support with FPPI being a marginal predictor of
approximately equal judgments, t =�1.89, p = .0588 and ob-
jective numeracy not being a predictor, t = 0.67, p = .505.

To understand the relationship between the relative mag-
nitude of numbers and approximately equal judgments, we
conducted separate logistic regression analyses on approxi-
mately equal judgments and four predictors expressing the
relationship between the two quantities, (i) the ratio, (ii) large
number minus small number (henceforth “the difference”),
(iii) small number divided by (difference large number minus
small number), and (iv) (difference large number minus
small number) divided by small number. These analyses
were performed over the full range of 14 592 judgments.
For (i) the ratio predicting P(approximately equal judgment),
odds ratio = 0.004, Likelihood Ratio Test χ2(1) = 3682.6,
p < .001, generalized R2 = 0.304. Figure 1 presents the logis-
tic plot for the ratio (because there are so many data points,
they appear as vertical lines and are omitted from subsequent
figures). For (ii) the difference, odds ratio = 1.681, Likelihood
Ratio Test χ2 (1) = 2865.3, p < .001, generalized R2 = 0.243;
for (iii) small number divided by (difference large number mi-
nus small number), odds ratio = 0.995, Likelihood Ratio Test
χ2 (1) = 1566.3, p< .001, generalized R2 = 0.139; and for (iv)
difference large number minus small number over small num-
ber, odds ratio = 90918.2, Likelihood Ratio Test χ2

(1) = 2456.4, p < .001, generalized R2 = 0.211. The ratio
was the best statistical model, confirming Hypothesis 7. Sep-
arate analyses for numbers alone in the percentage format,
numbers alone in the frequency format, breast cancer statis-
tics in the percentage format, and breast cancer statistics in
the frequency format yielded comparable patterns of results.

In a complementary analysis, we also examined the
relationship between the small/large ratio and the probability
of an approximately equal judgment for each of the 24
number pairs collapsed across all participants in all
conditions (Figure 2). Although a linear model fits the data
well, with R2 = 0.57, there was an even better fit for the
exponential model y = 0.0141e3.6212x with R2 = 0.64.
Participants rarely made approximately equal judgments with
the ratio < 0.75 and were more likely than not to judge a pair
approximately equal only when ratio > 0.99.

Having established the ratio as the best predictor, we added
to the logistic regression random intercepts to control for
participant effects; then, the significant variables from the
ANOVA (context, format, source designation, and the inter-
action between source designation and format) and the
individual difference variables that were significant in the
regression analysis, declarative knowledge of breast cancer,

Figure 1. Logistic regression plot for approximately equal
judgments by small/large number ratio. [Colour figure can be

viewed at wileyonlinelibrary.com]

Figure 2. Probability of approximately equal judgments by small/
large number ratio over all conditions and participants. [Colour

figure can be viewed at wileyonlinelibrary.com]
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gist comprehension of breast cancer, and the marginally
significant FPPI. This analysis confirmed the earlier findings
with semantic context significant with F(1, 14445) = 91.775,
p < .001 and having an odds ratio of 1.607 for breast cancer
statistics over number pairs alone, t = 9.579, p< .001. Format
was significant with F(1, 14445) = 225.126, p < .001 and
having an odds ratio of 2.394 for percentages over frequen-
cies, t = 13.717, p < .001. Source designation was significant
with F(1, 14445) = 1459.8, p < .001 having an odds ratio of
16.242 for designated approximately equal over designated
less than, t = 32.108, p < .001; and the source designation
by format interaction of again marginally significant with
F(1, 14445) = 3.583, p = .058 with odds ratio of 0.853,
t = 1.893, p < .058. The ratio of the small over large number
was a significant predictor with F(1, 14445) = 356.534,
p < .001. Two of the three individual difference measures
were significant predictors. Gist comprehension of breast
cancer was not significant, failing to support Hypothesis 4,
with F(1, 14445) = 2.164, p = .141. Supporting Hypothesis 5,
declarative knowledge of breast cancer was a significant
predictor of approximately equal judgments at the item level
with F(1, 14445) = 9.027, p < .001. Hypothesis 6 received
support for FPPI with F(1, 14445) = 20.078, p = .003. The
random effect for participant was significant with a Z score
of 7.223, p < .001.

With materials describing breast cancer statistics, we have
independent verification from reputable sources about
whether or not a pair of numbers is approximately equal.
This affords us the opportunity to conduct an SDT analysis
of estimates in the breast cancer context and distinguish
between sensitivity, expressed as d’ (with hits being cases
where both reliable sources and participants indicate that
the breast cancer statistics are approximately the same, and
false alarms being when participants say they are
approximately equal but reliable sources do not), and bias
in response criteria, expressed as β. Our first analysis was
with breast cancer data in the percentage format (see Fisher
et al., 2013 for technical details). Across participants, we
found that the mean d’ = 1.89 and mean β = 0.12 indicating
that, by and large, participants were highly sensitive to and
exhibited relatively little bias. Figure 3 is a visual representa-
tion of these results.

When number pairs expressed as percentages were identi-
fied by reputable sources as approximately equal, in most
cases, they were judged approximately equal, and when ex-
ternal sources did not identify them as approximately equal
in the vast majority of cases, the smaller number was judged
less than the larger one. In the frequency (X in 10 000)
format with the same participants, mean d’ = 1.71 and mean
β = 0.37 (Figure 4). Consistent with Hypothesis 2, sensitiv-
ity, as expressed as d’, was significantly greater in the
percentage format, t(150) = 2.49, p = .015. Moreover,
participants exhibited greater response bias, as expressed by
β in the frequency format, t(150) = 5.66, p < .0001.
Although sensitivity was high in both formats, it was signif-
icantly greater in the percentage format.

The SDT analysis also allows us to investigate the role of
knowledge and comprehension differences in sensitivity and
bias. As predicted (Hypothesis 5), we found that gist

comprehension of breast cancer concepts is a significant pre-
dictor of sensitivity in both formats. In the percentage format,
the correlation between gist comprehension and d’ was
r(151) = 0.25, p = .002. In the frequency format, the correla-
tion between gist comprehension and d’ was r(151) = 0.26,
p = .001. However, gist comprehension did not predict β,
r(151) = �0.13, p = .101 in the percentage format and
r(151) = �0.076, p = .35 in the frequency format. Gist com-
prehension of breast cancer concepts increases sensitivity of
approximately equal judgments without affecting bias.

Declarative knowledge was also significantly correlated
with sensitivity, as indicated by Hypothesis 6. For breast can-
cer items presented in the percentage format, the correlation
between knowledge and d’ was r(151) = 0.16, p = .048 and
with the frequency format r(151) = 0.22, p = .008. For breast
cancer items presented in the frequency format, the correla-
tion between knowledge and β was r(151) = �0.05,

Figure 3. Signal detection theory diagram of approximately equal
judgments for breast cancer data in the percentage format. [Colour

figure can be viewed at wileyonlinelibrary.com]

Figure 4. Signal detection theory diagram of approximately equal
judgments for breast cancer data in the frequency (X in 10 000)
format. [Colour figure can be viewed at wileyonlinelibrary.com]
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p = .538 and for the frequency format r(151) = 0.011,
p = .90. Finally, neither objective numeracy nor FPPI
significantly predicted sensitivity or bias, Fs < 1.

DISCUSSION OF EXPERIMENT 1

The ratio of the smaller to larger number was a good
predictor of the number of participants judging a pair of
numbers to be approximately equal. The higher the ratio,
the more likely they are to be judged approximately equal,
increasing exponentially across ratios from near 0 to near
1.0. The approximately equal designations of reliable sources
such as the NCI proved a strong predictor even when the
ratio was entered into the equation, suggesting that it contrib-
utes more than the ratio. In this experiment, the same
numbers were used in both formats, and participants were
significantly more consistent with reliable sources in making
approximately equal judgments using percentages. SDT
analysis confirms that this is attributable to improved sensi-
tivity as well as greatly reduced bias. Consistent with the
FTT construct of denominator neglect, participants appear
to base their judgments on the relatively large numerators
in the frequency (X in 10 000) format, neglecting differences
in denominators.

People were more likely to judge a pair of numbers
approximately equal when they were embedded in sentences
related to breast cancer. As predicted by FTT, this difference
is attributable to gist comprehension of the breast cancer
knowledge domain. Having a good gist understanding of
breast cancer makes people more sensitive to whether the
differences between number pairs are meaningful, as
confirmed by SDT analyses. It was not the case that they
were simply more biased.

The hypothesis that approximately equal judgments are
also a function of numeracy received little support in this
study. It may be that objective numeracy items such as
“which of the following numbers represents the biggest risk
of getting a disease (1%, 10%, or 5%)?” address more basic
(fundamental) aspects of numeracy and that individual
differences measures assessing more sophisticated aspects
of numeracy such as an appreciation of sampling error and
variation would account for additional variance. Relative
reliance on base rate and individuating information, as
measured by the FPPI, did predict performance but was not
associated with greater judgment sensitivity in the SDT
analysis.

EXPERIMENT 2

Fuzzy-trace theory suggests that judgments of fuzzy equality
or approximately equal judgments are a function of forming
appropriate gist representations, whereas those more reliant
on verbatim representations should make such judgments
less often—even when they are justified by the literature—
because in the current paradigm, one number is always liter-
ally smaller than the other. Thus, the second experiment tests
two interventions designed to influence gist representations

in a randomized between-subjects 2 × 2 design. Half of the
participants were given a simple gist text intervention de-
signed to encourage them to form a gist representation, and
half were not, and crossed with this, half were shown bar
graphs designed to highlight the ratio of the smaller to larger
number, and the other half were not. This experiment also
manipulated within-subjects whether or not expert sources
designated the breast cancer statistics less than or approxi-
mately equal. In addition, we presented to each participant
number pairs in the semantic context of breast cancer statis-
tics and number pairs without verbal context. However, be-
cause the gist-evoking intervention relies on the semantic
context, this manipulation was not crossed with the
between-subjects manipulation meaning that no intervention
was presented when number pairs were presented alone.

Experiment 2 is designed to test eight hypotheses.

Hypothesis 1. Participants who receive text instructions to
think about the gist of whether a pair of numbers are approxi-
mately equal (gist text condition) will identify approximately
equal pairs consistent with reliable sources and will exhibit
greater judgment sensitivity significantly more often than
those randomly assigned to the no-gist text condition.

Hypothesis 2. Participants who receive bar graphs showing
the relationship between a pair of numbers (bar graph
condition) will exhibit greater judgment sensitivity and will
identify number pairs as approximately equal consistent with
reliable sources significantly more often than those randomly
assigned to the no bar graph condition.

Hypothesis 3.We expect that participants will be more likely
to make approximately equal judgments when reliable
sources do so than when they do not.

Hypothesis 4. We predict that the semantic context of breast
cancer statistics will produce more approximately equal
judgments than when number pairs are presented devoid of
context.

Hypothesis 5. Declarative knowledge of breast cancer will
predict reliable source-consistent judgments of approximately
equal and greater judgment sensitivity.

Hypothesis 6. Gist comprehension of breast cancer will pre-
dict reliable source-consistent judgments of approximately
equal and greater judgment sensitivity.

Hypothesis 7. Individual differences in quantitative
reasoning, as measured by objective numeracy and the FPPI,
will be positively correlated with reliable source-consistent
judgments of approximately equal and greater judgment
sensitivity.
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Hypothesis 8. As in Experiment 1, we predict that approxi-
mately equal judgments will be relative such that the ratio
will be a good predictor of the portion of participants judging
them to be approximately equal.

Method
Participants
Two hundred twenty-nine Miami University students
participated for course credit. Subjects self-identified as
56% female, reporting a mean age of 19.1, with 81% White
and 69% of the participants’ mothers having a 4-year college
degree or more education.

Materials and procedure
The materials were identical to those used in Experiment 1 in
the percentages format. For the breast cancer statistics, the
2 × 2 between-subjects design crossed the presence or
absence of gist-evoking instructions with the presence or
absence of visual bar graph representations. Included in the
initial instructions with the gist manipulation was the text,

When is a difference really a difference? In certain situations, a
small difference can be verymeaningful. However, in other cases,
one can safely interpret a small difference as being “about the
same.” For example, a 1 millimeter difference in a surgical proce-
dure may be a real difference between life and death, whereas a 1
millimeter difference in a person’s height is really about the same.
Keep this in mind as you read the following items. Consider the
gist of each scenario given and decide if it describes the context
of a genuine difference. Based on your decision, indicate whether
the item on the left is “less than” or “approximately equal” to
(about the same as) the item on the right.

Moreover, embedded in the instructions for each judg-
ment, half of the participants received different gist-evoking
instructions such as “Think about the bottom-line gist. Is this
a meaningful difference …”, and half did not. Crossed with
the gist manipulation, half of the participants received a bar
graph depicting the two percentages, and the other half did
not. The bar graphs were constructed such that the bottom
of the y-axis was zero, and the top of the y-axis was the
higher of the two number pairs. To illustrate, the instructions
for one problem in the condition Gist Prompt and Bar Graph
condition (i.e., both interventions) read, “Based on your gist
understanding of this topic, is this a genuine difference
between age 40 and 50? Is the number on the left less than
or ‘approximately equal’ to (‘about the same’) as the number
or statement on the right?” The procedure and plan of analy-
sis were identical to that of Experiment 1.

Results
Sixteen participants failed one or more of the FPPI M-scale
quality control items (e.g., endorsing that the probability that
a man with two broken legs will go skiing is 90%) and were
excluded from subsequent analyses. We conducted a
2 × 2 × 2 mixed models ANOVA on breast cancer statistics

crossing the presence or absence of the gist text intervention,
the presence or absence of the graph intervention, and
whether or not reliable sources designated the number pairs
approximately to predict the percentage of number pairs
judged approximately equal. Participants were significantly
more likely to judge breast cancer statistics approximately
equal in the gist text condition with a mean of 48.4%
(SD = 38.1) than without the gist text manipulation with a
mean of 41.8% (SD = 35.9), F(1, 198) = 7.75, p = .006.
The graph intervention did not produce significant
differences, F(1, 214) = 2.18, p = .14, and the graph by gist
text intervention was not significant, F(1,214) = 0.27,
p = .60. Thus, Hypothesis 1 was supported, but Hypothesis 2
was not.

Consistent with Hypothesis 3, there was a large effect for
source designation with 75.5% (SD = 22.2) judged approxi-
mately equal when reliable sources designated them approxi-
mately equal and 15.2% (SD = 17.6) when sources designated
the smaller number less than the larger, F(1, 211) = 1156.3,
p < .001. There was a significant interaction between the gist
text intervention and source, F(1, 211) = 5.54, p = .02.
Tukey’s honest significant difference indicates that the gist
text intervention did not affect judgments that were not
designated approximately equal by reliable sources. The
mean in the no-intervention-less-than condition was 13.8%
(SD = 17.5), and the mean in the gist-text-less-than condition
was 16.9% (SD = 17.7). However, the gist text intervention
did have an effect when reliable sources designated the
number pairs approximately equal. The no-intervention-
approximately-equal condition mean was 69.8% (SD = 26.5),
which was significantly different from the gist-text-
approximately-equal condition mean of 80.5% (SD = 23.0).
The other interactions were not significant, with the graph
by source F(1, 211) = 1.65, p = .20 and the graph by gist text
by source F(1, 211) = 0.63, p = .43.

The prediction that people would be more likely to make
approximately equal judgments in the context of breast
cancer statistics than when number pairs were presented
devoid of semantic context (Hypothesis 4) was supported
by the data. Collapsing across conditions, for breast cancer
statistics, 45.3% were judged approximately equal, whereas
43.2% of the identical number pairs devoid of semantic
context were judged approximately equal, t(212) = 2.25,
p = .026.

Next, we conducted a regression analysis predicting the
percentage of 12 problems judged approximately equal by
adding the individual difference measures declarative
knowledge of breast cancer, gist comprehension of breast
cancer, FPPI, and objective numeracy to the significant
effects from the ANOVA on experimental manipulations.
Declarative knowledge of breast cancer was not significant,
F(1, 843) = 1.116, p = .29, providing no support for
Hypothesis 5. Gist comprehension of breast cancer was a
significant predictor of approximately equal judgments,
F(1, 843) = 7.49, p = .0063, providing support for Hypoth-
esis 6. Hypothesis 7 received mixed support with FPPI
significantly predicting approximately equal judgments,
F(1, 843) = 4.65, p = .031, but objective numeracy not
being a significant predictor, F(1, 843) = 0.35, p = .55.
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Following the same procedure as Experiment 1, we
performed logistic regression at the level of individual item,
and, once again, the ratio proved to be the best fit of the
alternatives tested (Hypothesis 8) in predicting the probabil-
ity of approximately equal judgment with odds ratio = 0.003,
Likelihood Ratio Test χ2(1) = 2969.8, p < .001, generalized
R2 = 0.339. By way of contrast, the formula
Small/(Large � Small) produced an odds ratio = 0.991, Like-
lihood Ratio Test χ2(1) = 1673.7, p < .001, generalized
R2 = 0.203. Figure 5 presents the logistic plot for the ratio.

Next, we performed logistic regression at the individual
item level with random intercept for subject, predicting the
probability of an approximately equal judgment with the ra-
tio, gist text intervention, source designation, gist text inter-
vention by source designation interaction, and the individual
difference measures gist comprehension of breast cancer and
the FPPI. The gist text intervention had F(1, 10128) = 7.396,
p = .007 (Hypothesis 1) with an odds ratio of 0.572 com-
pared with no intervention, t = 3.217, p = .001. Source des-
ignation had F(1, 10128) = 852.205, p < .001
(Hypothesis 3) with an odds ratio of 7.437 compared with
no intervention, t = 20.350, p < .001. The source designa-
tion by gist text intervention interaction was not significant,
F(1, 10128) = 2.388, p = .122. The ratio of small over large
was significant, F(1, 10128) = 365.955, p < .001
(Hypothesis 8) with an odds ratio of 0.034, t = 19.130,
p < .001. For the individual difference measures, consistent
with Hypothesis 5, gist comprehension of breast cancer was
significant as a predictor of approximately equal judgments,
F(1, 10128) = 5.331, p = .021. Hypothesis 7 received no
support, with FPPI not significant, F < 1. The random effect
for participant was significant with a Z score of 8.435,
p < .001.

We conducted an SDT analysis for breast cancer items for
each individual across the set of 24 items with d’ assessing
sensitivity and bias in response criteria expressed as β. A
2 × 2 ANOVA indicates that, following Hypothesis 1, a
mean d’ of 2.01 in the gist text condition was significantly
larger than the mean of 1.89 in the no gist text condition,
F(1, 206) = 5.90, p = .016. The bar graph manipulation
(Hypothesis 2) did not have a significant effect on d’ with
F(1, 206) = 1.06, p = .30 and the gist text by bar graph

interaction was not significant, F(1, 206) = .19, p = .28.
The gist text condition also resulted in significantly less
biased criteria with mean β = 1.00 in the gist text condition
and β = 1.04 in the no gist text condition,
F(1, 206) = 8.76, p = .004. Bar graph intervention did not
produce a significant difference in β with F(1, 206) = 1.42,
p = .23, and the bar graph by gist text interaction was not
significant, F < 1.

Turning to knowledge and comprehension measures,
there was a strong correlation between gist comprehension
and declarative knowledge, r(212) = 0.73, p < .001. Once
again, gist comprehension of breast cancer (Hypothesis 6)
significantly predicted approximately equal judgments
consistent with reliable sources on materials about breast
cancer r(211) = 0.15, R2 = .023, p = .028. Appropriately, gist
comprehension was not a significant predictor of approxi-
mately equal judgments for breast cancer items not suggested
by reliable sources to be approximately equal, or significant
for any number pairs presented alone without semantic
content. Gist comprehension was not a significant predictor
of d’ with r(209) = 0.10, p = .14. However, for β, there
was a negative correlation such that higher levels of gist
comprehension were associated with lower levels of bias,
r(209) = �0.17, p = .015.

As predicted as Hypothesis 5, declarative knowledge sig-
nificantly predicted approximately equal judgments consis-
tent with reliable sources on materials about breast cancer
r(211) = 0.17, R2 = .029, p = .014. Declarative knowledge
was not a significant predictor of approximately equal
judgments for breast cancer items not suggested by reliable
sources to be approximately equal, or significant for any
number pairs presented alone without semantic content.
There was a positive correlation between declarative
knowledge and d’ with r(209) = 0.17, p = .011, and for β,
there was a negative correlation such that higher levels of
declarative knowledge of breast cancer were associated with
lower levels of bias, r(209) = �0.21, p = .002.

As in Experiment 1, but contrary to Hypothesis 7,
objective numeracy was not significantly correlated with d’,
r(209) = �0.10, p = .14 or β with r(209) = 0.08, p = .24.
There was a negative correlation between the FPPI and d’
with lower FPPI scores (indicating a fuzzy processing prefer-
ence undervaluing base rate information) associated with
higher sensitivity as measured by d’ with r(209) = �0.14,
p = .042 and β not significantly correlated with
r(209) = 0.12, p = .07.

DISCUSSION OF EXPERIMENT 2

The SDT analysis clarifies that simple gist text manipulation
increased sensitivity and decreased response bias. This find-
ing is contrary to an explanation that the manipulation is
simply making people say, “approximately equal” more of-
ten, but is consistent with the notion that judgments of fuzzy
equality rely on gist representations that capture the essential
meaning that the quantities in question are approximately the
same. It would be trivial to provide incentives for people to
increase the number of approximately equal judgments they

Figure 5. Logistic regression plot for approximately equal
judgments by small/large number ratio. [Colour figure can be

viewed at wileyonlinelibrary.com]
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make, but improving accuracy as measured by d’ suggests
that encouraging people to focus on the gist meaning results
in significant improvements in the sensitivity of their
judgments.

The individual difference measures did not account for a
large portion of variance, but they do provide insights into
the factors that affect those categorical judgments. The corre-
lation between the FPPI and d’ indicates that a more fuzzy
processing preference for gist is associated with higher judg-
ment sensitivity in judging breast cancer statistics roughly
the same when warranted and otherwise discriminating dif-
ferences. In previous research (Weil, et al., 2015; Wolfe &
Fisher, 2013), less fuzzy preferences were associated with
better use of base rates when gist and base rates were in con-
flict. However, those who score at the verbatim end of the
FPPI may make more use of precise verbatim information,
which is helpful in many instances, but perhaps not in fuzzy
equality judgments.

Greater knowledge and better understanding of the do-
main of breast cancer (i.e., better declarative knowledge
and gist comprehension) both predicted approximately equal
judgments consistent with reliable sources in different ways.
This suggest that people draw upon their understanding of a
domain (in this case, breast cancer) in developing gist repre-
sentations, helping them judge whether two breast cancer sta-
tistics are approximately equal. Less knowledgeable
individuals are less likely to form useful gist representations
and must rely more on verbatim comparisons. In this study,
one of a number pair was literally always less than the other,
so the more one relies on verbatim understanding, the more
likely one is to say that it is less than the other. However,
even people who know relatively little about breast cancer
freely reason with the gist understanding that the fuzzy
equality of two numbers is a function of their relative
similarity.

EXPERIMENT 3

Although the ratio of larger to smaller number was a good
predictor in earlier experiments, it is clear that even with
number pairs devoid of semantic content, other factors affect
approximately equal judgments. The numbers we used as
breast cancer statistics were drawn from a relatively narrow
range (from 0.0098 to 89.7). To examine the nature of the
distribution over a much large range, we selected nine num-
ber pairs from the previous studies, with three representing
low ratios (about 0.21–0.25), three with mid range ratios
(about 0.77–0.83), and three with high ratios (0.98–0.997).
We then created two number additional sets: the first having
each one divided by 100, and the second multiplied by 100.
Thus, we were able to assess approximately equal judgments
with number pairs: two orders of magnitude larger and two
orders of magnitude smaller than the numbers used in the
previous studies—differing from smallest to highest by a fac-
tor of 10 000—while keeping the ratios constant. If both the
number set and ratio predict approximately equal judgments
(with smaller numbers producing more approximately equal
judgments), then this would be evidenced that approximately

equal judgments are relative but influenced by the absolute
magnitude of the numbers being judged.

Method
The methodology was largely the same as in the previous
studies, with number pairs devoid of semantic context pre-
sented in random order. There were 447 undergraduate par-
ticipants at Miami University with this within-subjects
experiment embedded in a larger study fulfilling Psychology
course requirements. Each participant made a total of 27
judgments about whether the smaller number was less than
or approximately equal to the larger one, with nine judg-
ments made about number pairs used in previous experi-
ments, nine judgments about those same original numbers
multiplied by 100, and nine judgments about the original
numbers divided by 100. Subjects participated online from
a location of their own choosing (e.g., home). Materials were
otherwise like those presented for Experiments 1 and 2, ex-
cept we did not have individual difference measures includ-
ing the quality control M-scale items on the FFPI.

Results
We performed logistic regression at the level of individual
item and found that both the ratio of small over large and
the number set (original, multiplied by 100 or divided by
100) predict the probability of an approximately equal judg-
ment and proved to be the best fit of the alternatives tested in
predicting the probability of approximately equal judgment.
The ratio small/large produced odds ratio = 0.0035, Likeli-
hood Ratio Test χ2(1) = 3318.57, p < .001, generalized
R2 = 0.345. By way of contrast, the formula derived from
Weber’s Law, Small/(Large � Small) produced odds ra-
tio = 0.990, Likelihood Ratio Test χ2(1) = 2485.70,
p < .001, generalized R2 = 0.267. Figure 6 presents the logis-
tic plot for the ratio.

Adding the number set to the model (small/large)
indicates that the odds ratio for the divided by 100 set
compared with the original set is 2.398, χ2(1) = 628.60,
p < .001, and for the number set multiplied by 100 is
0.446, χ2(1) = 519.42, p < .001. Overall, the generalized

Figure 6. Logistic regression plot for approximately equal
judgments by small/large number ratio. [Colour figure can be

viewed at wileyonlinelibrary.com]
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R2 = 0.417. We added arbitrary subject ID number to the
model to control for individual participant effects. The results
are substantively unchanged. For the original number set
divided by 100, χ2(1) = 573.45, p < .001, and for the original
number set multiplied by 100, χ2(1) = 457.23, p < .001.
Thus, people are less likely to judge a number pair approxi-
mately equal when they are large (such as 4900 and 5000)
compared with the original number pairs (such as 49 and
50) but more likely to judge them approximately equal when
they are small (such as 0.49 and 0.5). Figure 7 presents the
probability that a number pair will be judged approximately
equal by the ratio of larger and smaller number for each
number set and the entire data set. Overall, although a linear
model fits the data nicely with R2 = 0.69, there was an even
better fit for the exponential model y = 0.0121e3.7524x with
R2 = 0.89. For the original numbers, the exponential model
y = 0.0078e3.9811x yielded R2 = 0.68; for the number set
multiplied by 100, the exponential model y = 0.0022e4.1839x

yielded R2 = 0.58; and for the number set divided by 100,
the exponential model y = 0.0273e3.3229x yielded R2 = 0.90.

DISCUSSION OF EXPERIMENT 3

As Figure 7 demonstrates, the finding that both the number
set and ratio predict approximately equal judgments indicates
that approximately equal judgments are relative but
influenced by the absolute magnitude of the numbers being
judged. Specifically, the smaller the number set, the more
steeply accelerated the exponential curve, with virtually no
differences among number sets that differ by a factor of

10 000 when the ratio is about 0.25, and progressively larger
differences as the ratio increases.

GENERAL DISCUSSION

People readily make approximately equal judgments about
pairs of numbers. The ratio of smaller over larger number
exponentially predicts the likelihood that someone will judge
the two to be roughly the same, rather than the difference or
comparisons to an absolute standard—though the absolute
magnitude also influences judgments over a large set of
number pairs. The ratio is thus a crucial factor, with people
rarely making approximately equal judgments when the ratio
is low regardless of other factors and only judging a pair of
numbers approximately equal consistently with a probability
greater than 0.5 when the ratio is greater than 0.98.

However, a number of semantic or “gist” factors predict
judgment of approximate equality, beyond the psychophys-
ics of the numbers. For example, people are more likely to
make approximately equal judgments in a semantically
meaningful context, in this case, statistics about breast can-
cer. As suggested by FTT, approximately equal judgments
are a function of gist comprehension and knowledge of the
breast cancer domain. Having a good gist understanding of
a knowledge domain, such as breast cancer, helps “sensitize”
people about whether differences between numbers are
meaningful, including knowing when to ignore literal
differences. People are more sensitive and less biased when
they have a better understanding of the domain in which
number judgments are situated because these judgments rely
on gist representations that capture the essential meaning that
the quantities are approximately the same. Unlike sub-just-
noticeable differences threshold perceptions, approximately
equal judgments are acts of categorization that are more
likely to be produced by people who are knowledgeable in
a given domain.

Other individual differences do not appear to play a major
role in approximately equal judgments. We found some evi-
dence that a quantitative processing preference at the fuzzy
end of the continuum is associated with more approximately
equal judgments. However, numeracy as typically assessed
did not appear to contribute to approximately equal judg-
ments. Perhaps future measures of “gist numeracy”
(Brust-Renck, Royer, & Reyna, 2013) will be better
predictors. The finding that judgments were more accurate
when numbers were presented as percentages rather than
frequencies is consistent with the FTT concept of
denominator neglect. However, it is inconsistent with claims
that frequencies are more “naturally” aligned with our
evolutionary endowment (Gigerenzer & Hoffrage, 1995).

A priority for future work should be to untangle the
relationships among approximately equal judgments and
decisions. For example, in the domain of medical decision
making, it is unclear whether decisions about disease
treatment options are influenced by judgments about whether
two outcomes are “roughly the same” in likelihood. With
respect to breast cancer, the statistics used in the current
investigation allowed us to provide authoritative assessments

Figure 7. Probability of approximately equal judgments by small/
large number ratio overall and for each number set. [Colour figure

can be viewed at wileyonlinelibrary.com]
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of whether two numbers were roughly equal. It may be more
difficult to determine authoritatively, for example, whether a
5.5% survival rate is less than or approximately equal to a
6.1% survival rate for the treatment of an advanced cancer.
However, judgments such as this may play an important role
in the decision-making process. For example, by appreciat-
ing fuzzy equality, patients may avoid debilitating side ef-
fects associated with negligible differences in survival
(Reyna et al., 2015). Taken collectively, the results of the
studies presented here suggest that “roughly the same” or
“approximately equal” judgments rely on a categorical gist
representation that provide meaningful and useful informa-
tion for effective judgment and decision making.
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