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1 | INTRODUCTION

| ValerieF. Reyna?

Abstract

Fuzzy-trace theory predicts that decisionmakers process numerical information about
risk at multiple levels in parallel: the simplest level, nominal (categorical some-none)
gist, and at more fine-grained levels, involving relative comparison (ordinal less-more
gist) and exact quantities (verbatim representations). However, little is known about
how individual differences in these numerical representations relate to judgments and
decisions, especially involving health tradeoffs and relative risks. To investigate these
differences, we administered measures of categorical and ordinal gist representations of
number, objective numeracy, and intelligence in two studies (Ns = 978 and 956). In both
studies, categorical and ordinal gist representations of number predicted risk judgments
and decisions beyond objective numeracy and intelligence. Participants with higher
scores in categorical gist were more likely to choose options to avoid cancer recurrence
risks; those who were higher in ordinal gist of numbers were more likely to discrim-
inate relative risk of skin cancer; and those with higher scores in objective numeracy
were more likely to choose options that were numerically superior overall in terms of
relative risk of skin cancer and of genetic risks of breast cancer (e.g., lower numerical
probability of cancer). Results support parallel-processing models that assume multiple
representations of numerical information about risk, which vary in precision, and illus-
trate how individual differences in numerical representations are relevant to tradeoffs
and risk comparisons in health decisions. These representations cannot be reduced to
one another and explain psychological variations in risk processing that go beyond low
versus high levels of objective numeracy.
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effects and of death (e.g., lower probability of side effects
but higher probability of death), as well as judgments about

Research has shown that individuals with lower objective
numeracy, the ability to make judgments and computations
about numbers, are more likely to show biases and errors
in decision making (Peters, 2020; Reyna et al., 2009). Low
objective numeracy can become particularly important in
health contexts in which poor decisions are associated with
reduced quality of life or death (Brust-Renck et al., 2015;
Kutner et al., 2007; Levy et al., 2014; Petrova et al., 2017,
Smith et al., 2015). For example, patients with moderate-to-
severe asthma were found to have higher asthma-related qual-
ity of life when they had higher numeracy scores (Apter et al.,
2009). Indeed, many real-world health decisions about risks
involve quantitative tradeoffs between probabilities of side

relative risks, such as how genetics or health habits increase
or decrease risks.

In this study, we build on theory postulating that decision-
makers extract multiple mental representations of numbers,
such as numbers that convey risks, and on findings showing
that individuals vary in the ability and tendency to extract
these representations, which, in turn, relate in theoretically
expected ways to their decisions (Reyna & Brust-Renck,
2020). We explore health decisions that involve magnitude
comparisons of various kinds and that resemble those in
real life (for an overview of cancer decision making, see
Reyna, Nelson, et al., 2015). Specifically, we examine
both preference-sensitive decisions, in which individuals’
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preferences depend on subjective differences in the relative
weight of quality of life as opposed to cancer recurrence, and
judgments that have objectively accurate answers about rel-
ative risks of skin cancer and breast/ovarian cancers (Gartner
et al., 2019). The latter judgments turn on avoiding surpris-
ingly common ratio biases, that a 1 in 20 risk of skin cancer is
smaller than a 1 in 100 risk (because, erroneously, 20 is less
than 100) and conjunction fallacies, that the genetic risk of
the conjunction of developing breast cancer and ovarian can-
cer is larger than the genetic risk of developing either breast
cancer alone or ovarian cancer alone (Garcia-Retamero et al.,
2010; Scherer et al., 2017; Wolfe & Fisher, 2013).

1.1 | Numerical representation and
numer acy in fuzzy-trace theory

Evidence indicates that people encode different representa-
tions from the same numerical information: categorical rep-
resentations of the gist of numbers (e.g., some lives saved
vs. no lives saved), ordinal representations of relative magni-
tudes (e.g., more lives saved vs. fewer lives saved), and ver-
batim representations of exact quantities, which can be input
to computational rules applied by rote to those numbers (200
lives saved = 1/3 probability x 600 lives saved in terms of
expected values; e.g., Broniatowski & Reyna, 2018; Kleber
etal., 2013; Reyna & Brust-Renck, 2015; Siegler et al., 2011).

According to fuzzy-trace theory, although people encode
these multiple levels of representation roughly in parallel,
they tend to reason with the simplest categorical gist that can
be used to accomplish a task (Reyna, 2012). For example,
if a $54,232 price of one car is perceived as expensive and a
$23,999 price of another car is perceived as inexpensive, there
is no need to subtract these numbers from one another (and
obtain the exact difference in price) to choose a car based on
price. This kind of mental representation translates numeri-
cal information into meaningful qualitative distinctions: can-
cer recurrence is unlikely versus likely, one has the BRCA
gene and are at-risk of cancer or does not have the gene and
are not at-risk, and so on. If an option allows categorical
risk avoidance, choices tend to gravitate to that option rather
than veridically reflecting trading off degrees of probability
against severity of outcomes (Brust-Renck et al., 2016).

When alternatives cannot be distinguished categorically,
mental representations that subserve judgments and deci-
sions escalate to an ordinal level of differentiation, which
involves comparing relative magnitudes (see also Bostrom,
2017; Stevens, 2016). Finally, a more precise (e.g., verba-
tim) representation is necessary when tasks involve perform-
ing exact calculations, for example, mentally multiplying
as shown above to determine expected value. Note that, as
argued early in the development of fuzzy-trace theory, math-
ematical reasoning often does not rely on precise calculations
using verbatim mental representations, even among mathe-
maticians (see Reyna & Brainerd, 1995).

Each kind of representation has been shown to predict dif-
ferent results in decision making based both on the nature of

the problem-how it is reduced to categorical gist, ordinal gist,
or verbatim levels—and the individual making the decision
(Broniatowski & Reyna, 2018; Reyna & Brust-Renck, 2020;
Reyna et al., 2014). Categorical gist representations support
a “fuzzy” approach, in which making a medical decision can
boil down to “saving some lives” or “saving no lives.” Ordi-
nal gist representations connect to research on mathematical
cognition, in which people have a basic mental representa-
tion of number in terms of relative or approximate magnitude
(Brannon, 2006; Lyons & Beilock, 2013; Siegler et al., 2011).
Many studies provide evidence for such a number system that
represents numerical amounts on a mental number line using
approximate magnitudes (e.g., Booth & Siegler, 2006; Peters
& Bjalkebring, 2015; Peters et al., 2008; Schley & Peters,
2014).

1.2 | Health decisions

Our goal is to understand how different people with differ-
ent skills and cognitive styles approach health decisions and
judgments by investigating the kind of mental representa-
tions they rely on. Grounded in the literature, each scenario
presents a kind of decision or judgment that people make
based on their understanding of numbers such as percentages
and probabilities. A measure of intelligence was included
to rule out alternative explanations, namely, that differences
did not specifically involve types of numerical processing
(Cokely et al., 2015; Dieckmann et al., 2015).

The first scenarios we examine (Tasks 1 and 2) involve a
tradeoff between serious health outcomes—cancer recurrence—
and side effects that compromise quality of life. The two tasks
differ only in whether treatments are referred to as Treatment
A and Treatment B or as radiation and chemotherapy to con-
trol for specific attitudes people may hold about the latter
treatments (e.g., “Chemotherapy is poison,” Reyna, 2008). In
both versions of this decision, there are tradeoffs in the prob-
abilities of cancer recurrence and side effects with different
treatments, but survival rates do not differ significantly, creat-
ing a challenging decision dilemma. The quantitative tradeoff
involves a higher probability of bowel control problems from
radiotherapy (60% in our example) than from chemotherapy
(40% in our example) as contrasted with a lower risk of can-
cer recurrence from radiotherapy (5% in our example) than
from chemotherapy (11% in our example). Thus, from deci-
sion analytical perspectives (see Fischhoff, 2015; Fischhoff
& Broomell, 2020, for a review), decisions should turn on
subjective perceptions of numerical and other details about
the options, such as the magnitudes of probabilities and of
outcomes, as contrasted with whether recurrence is a “real
possibility” or not, a categorical representation.

Although fuzzy-trace theory suggests that all three types
of mental representations of numbers are processed (Bronia-
towski & Reyna, 2018), recent work has shown that individ-
uals vary in their reliance on these representations (Reyna &
Brust-Renck, 2020). The empirical question here is whether
typical health choices that involve numbers covary with
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measures that have been shown to reflect reliance on cate-
gorical representations (e.g., to avoid recurrence), whether
they covary with ordinal representations (relative magnitudes
of recurrence or side effects), or whether they covary with
objective numeracy (Reyna & Brust-Renck, 2020). Naturally,
choices could reflect one, some, or all three of these kinds of
numerical representations since they are assessed separately,
and orthogonal factors are extracted (and used for prediction
of choices; see below).

The next scenario (Task 3) invites people to judge the dif-
ference between two ratios about how people who get more
sun exposure can be at a higher risk of getting skin can-
cer. This scenario taps ratio biases, a common problem in
understanding probabilities, that involves confusing the roles
of numerators that contain target events (e.g., cancer) and
denominators that include target and nontarget events (e.g.,
cancer and noncancer; Garcia-Retamero et al., 2010; Reyna
& Brainerd, 2008). Conversely, doing well on such ratio com-
parisons could be based on nominal or categorical compar-
isons of risk (e.g., perceiving a troubling risk vs. nontroubling
risk of skin cancer), ordinal judgments of relative magnitudes
of presented ratios (perceiving 1/20 as larger than 1/100), and
objective numeracy, which taps computational competence
(calculating that 1/20 is exactly 5 times larger than 1/100;
Reyna & Brainerd, 1994; 2008).

The last scenario (Task 4) concerns judging whether com-
bined risks of breast and ovarian cancer due to a genetic
mutation are lower in probability than the more inclusive
class of either breast cancer or ovarian cancer; developing
both cancers is less likely than developing one or the other.
Technically, exact numbers are not needed to make such a
judgment because each component includes the conjunction
(Reyna & Brainerd, 2008). Developing both breast and ovar-
ian cancer implies developing breast cancer (or ovarian can-
cer) just like Linda being a feminist bank teller implies being
a bank teller (Scherer et al., 2017; Tversky & Kahneman,
1983; Wolfe & Reyna, 2010). However, processing the num-
bers is another way to make this judgment and it also sup-
ports selecting the correct response if probabilities are multi-
plied appropriately. Again, research suggests that people also
process the relative magnitudes of these numbers, the ordinal
gist. Such gist could also support correct judgments because
these judgments accurately reflect approximate differences in
relative risk, which is all that is needed to choose between our
response options.

In summary, for all four tasks, our analyses are aimed
at understanding how individual differences in numerical
tendencies and abilities are related to judgments and choices
about health risks. We should note that the measures of cat-
egorical gist, ordinal gist, and objective numeracy have been
shown to load on separable dimensions, and this result has
been replicated (see Reyna & Brust-Renck, 2020). Moreover,
these scales successfully predicted choices and judgments
in major paradoxes, as predicted by fuzzy-trace theory,
including reversals in preferences in the Allais paradox (risk
aversion when one sure option is available becomes risk
seeking when both options are transformed into gambles;

Broniatowski & Reyna, 2018) and the loss-bet paradox
(a no-loss bet is rated as better than the same bet with a
small loss; Peters et al., 2019). Unlike these problems, many
health risks do not involve a categorical option, such as no
risk versus some risk. Ostensibly, medical decisions about
risk typically involve tradeoffs and relative risks. However,
people might perceive differences in risk as belonging in
different qualitative categories. For example, the average
woman might be construed as having a nonnegligible life-
time risk of invasive breast cancer (worth screening for but
not worrying about), but those with BRCA mutations might
be construed as having a high risk (worth worrying about
and perhaps enduring prophylactic mastectomy to prevent).
The question is whether individual differences in numerical
processing, that run the gamut from qualitative gist to quan-
titative numeracy, generalize to predicting variations in these
kinds of decisions and judgments.

2 | METHOD

2.1 | Participants

Data were collected from two independent studies with a
large sample of undergraduates recruited from the participant
pool at Cornell University. All participants provided written
consent, and the project was approved by the Cornell Institu-
tional Review Board. In Study 1, there were 978 participants
(mean age = 19.98, SD = 1.50). Among participants, 70%
were female, 64% identified as White, 5% as Black, 22% as
Asian, and 9% as mixed/other; 10% were Hispanic. In Study
2, there were 957 participants (mean age = 21.10, D = 3.39).
Among participants, 79% were female, 55% identified as
White, 5% as Black, 34% as Asian, 6% as mixed/other; 10%
were Hispanic.

2.2 | Materialsand procedure

Tasks were presented online in random order (randomized for
each participant) in both Studies 1 and 2, with the constraint
that health-risk Tasks 1 and 2 were counterbalanced across
participants and the first task appeared in the first half of the
session and the second task appeared in the last half of the
session. Participants then completed a demographic survey,
indicating their age, gender, race, and ethnicity. Other mea-
sures were gathered to be published in other papers; the order
of these tasks was randomized with the rest of the problems.

2.2.1 | Gist numeracy tasks

We assessed gist numeracy of two distinct types from Reyna
and Brust-Renck (2020): categorical gist and ordinal gist.
Categorical gist was composed of two tasks: categorical
gist-death (3 questions) and non-death (4 questions), drawn
from examples of noncompensatory categorical reasoning in
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earlier publications on fuzzy-trace theory (e.g., Reyna &
Farley, 2006; Reyna et al., 2003) and from the theory’s
predictions. For example, one question asked whether the
participant would play Russian roulette for a million dollars;
a subsequent question asked whether the participant would
play Russian roulette for any amount of money. Saying
“yes” to either question indicates willingness to trade off
death against dollars, that is, compensatory (noncategorical)
thinking because the amount of money compensates for the
amount of risk, whereas saying “no” indicates noncompen-
satory categorical thinking (gist) because the categorical
possibility of death determines responses regardless of the
amount of money. Similarly, in the categorical nondeath
questions, a “yes” response indicates willingness to trade
off amounts of risk and reward for nondeath outcomes, for
example, agreeing that “If someone is really hot, it is okay to
take a small chance to risk getting HIV-AIDS from unpro-
tected sex.” (see Reyna et al., 2011). Again, a “no” response
indicates rejection of trading off, instead reflecting noncom-
pensatory gist-based categorical thinking: the categorical
possibility of HIV-AIDS determines responses. Research
has shown that answers to these categorical gist questions
captured unique variance beyond standard risk aversion, the
latter defined by aversion to variability in potential outcomes
(Reyna & Brust-Renck, 2020). The theoretical prediction
is that mature decisionmakers reject the premise that such
risks should be traded off against amounts of money, instead
exhibiting categorical thinking (e.g., “it only takes once to
get HIV-AIDS”; Reyna et al., 2011). Each item was scored as
0 or 1 and averaged; higher values represent greater tendency
to engage in categorical gist thinking. Cronbach’s alpha was
0.70 and 0.66 (Reyna & Brust-Renck, 2020), which indicated
the scale was acceptable with only seven items.

Ordinal gist was composed of tasks drawn from prior
research on fuzzy-trace theory and on magnitude estimation
that loaded together on principal component analyses (Reyna
& Brust-Renck, 2020): (1) Memory representations of the rel-
ative magnitude judgments of low and high magnitude num-
bers (i.e., 48 questions about which objects were more, less,
most, or least) presented after a short delay in four meaning-
ful narratives (48 memory-based gist questions about which
objects were more, less, most, or least, posed after a filled
delay), based on Brainerd and Gordon (1994) and Thomp-
son and Siegler (2010); (2) estimation of the relative place-
ment of low and high whole numbers (e.g., 17 and 800) and
fractions (e.g., 3/8) on a continuous line without demarca-
tions (90 questions based on Siegler & Opfer, 2003; Siegler
etal., 2011, and Thompson & Opfer, 2010); (3) ability to get
a rough sense of the magnitude of numbers in approxima-
tion judgments of the most plausible result among numeri-
cally wrong responses for arithmetic problems, such as 12
+ 6 = 20 or 10 (27 questions based on Dehaene & Cohen,
1991, and Hanich et al., 2001); and (4) numerical abilities
in making ordinal comparisons through simple ratio compar-
ison involving judgments of relative magnitude (e.g., 2/9 is
smaller or larger than 5/77?) of two familiar fractions (16 ques-
tions based on Schneider & Siegler, 2010). Higher scores

indicate accurate ordinal gist judgments of numbers in all
tasks. Cronbach’s alpha indicated high reliability of 0.94 and
0.92 (Reyna & Brust-Renck, 2020).

2.2.2 | Objective numeracy scale

We used the 15-item expanded version of the objective
numeracy scale from Peters et al. (2007). The scale contains
numerical processing items involving such operations as con-
version of ratios, linear ordering, and multiplying (Liberali
etal., 2012). Each item was scored as 0 (incorrect) or 1 (cor-
rect) and averaged; higher values indicate higher numeracy.
Cronbach’s alpha measure of reliability was 0.83 and 0.72
(Reyna & Brust-Renck, 2020).

2.2.3 | Advanced progressive matrices test

The advanced progressive matrices test assesses a nonver-
bal, nonnumeric measure of abstract reasoning, namely, fluid
intelligence. We used the 12-item short form test proposed
by Arthur and Day (1994), which is a variation of the origi-
nal test from Raven et al. (1985). This test is widely used as
a brief measure of fluid intelligence with acceptable validity
and reliability, the latter confirmed in these samples (Reyna
& Brust-Renck, 2020). The test consists of choosing which
piece (from a series of options) best completes the design of
a series of patterns. Higher values indicate higher fluid intel-
ligence. Cronbach’s alpha measure of reliability was 0.85 and
0.77 (Reyna & Brust-Renck, 2020). We included this measure
to distinguish specific numerical abilities from fluid intelli-
gence in general.

2.2.4 | Health tasks

Four tasks were administered involving numerical informa-
tion about health risks. For Tasks 1 and 2, participants indi-
cated their preferences if they were diagnosed with cancer.
We defined radiation therapy (called Treatment A in Task 2)
and chemotherapy (called Treatment B in Task 2) for cancer
and described radiation as associated with a lower recurrence
rate (5%) compared to chemotherapy (11%), but that it car-
ried a 50% higher risk of sexual dysfunction and 33% higher
risk of bowel control problems (see Supporting Information
for complete wording). (Note that neither option offered cat-
egorical avoidance of side effects, but recurrence seems to
have been interpreted in terms of the possibility of death as
is not uncommon; Reyna, Nelson, et al., 2015.) Survival rates
were described as the same for both options. Choice of radia-
tion therapy (or Treatment A) was scored as 1 and chemother-
apy (or Treatment B) as O; participants rarely selected No
Treatment, also scored as 0. Results were highly similar omit-
ting the latter responses. Higher scores indicate preference for
the treatment option with lower chance of cancer recurrence,
but higher side effects (radiotherapy or Treatment A). Order
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TABLE 1 Mean proportions choosing avoiding cancer recurrence for Tasks 1 and 2 and higher relative risk in Tasks 3 and 4: Studies 1 and 2
Study 1 Study 2

Tasks M SD M sD

Avoid recurrence: Avoiding cancer recurrence by choosing the treatment (radiotherapy) with lower 0.23 0.42 0.23 0.42
recurrence rate (5%) but higher side effects versus chemotherapy (11% recurrence rate).

Avoid recurrence: Avoiding cancer recurrence by choosing Treatment A with lower recurrence rate 0.28 0.45 0.27 0.45
(5%) but higher side effects versus Treatment B (11% recurrence rate).

Ratio judgment: Judging the risk of getting skin cancer for a lifeguard (1 in 20) as 5 times greater 0.76 0.43 0.76 0.42
than the risk for the general population (1 In 100).

Ratio and classinclusion judgment: Judging the chances of a woman with a genetic BRCA 0.56 0.50 0.57 0.50

mutation to have breast cancer (5 times 12.2%) as greater than her risk of ovarian cancer (15 times

1.4%) or both breast and ovarian cancer.

Note: M = Mean; SD = Standard deviation.

of presentation of Tasks 1 and 2 was counterbalanced across
participants with a 30-min delay in between.

For Task 3, we indicated that a beach lifeguard who did
not wear sunscreen had a 1 in 20 risk of getting skin cancer
compared to a 1 in 100 risk for the average person, and asked
whether the risk was five times greater risk (scored as 1, cor-
rect), 1/5 times greater risk (scored as 0, incorrect), or 20,000
times greater risk (rarely selected, and scored as 0). For Task
4, we indicated that the base rate of breast cancer was 12.2%
(and of ovarian cancer was 1.4%) among women in general,
and that breast cancer risk increased five times (and ovarian
cancer risk increased 15 times) for a woman with an inher-
ited genetic mutation. The question asked, for a woman who
has inherited the genetic mutation, which of the following
was most likely to occur: breast cancer (scored as 1, correct),
breast cancer and ovarian cancer (scored as 0, incorrect), and
ovarian cancer (rarely selected and scored as 0).

3 | RESULTS

Overall, for the health risks tasks in Studies 1 and 2, about
a quarter of each sample chose avoiding cancer recurrence
(as opposed to avoiding side effects) in Tasks 1 and 2, about
three quarters correctly identified a lifeguard’s 1 in 20 risk of
skin cancer as greater than the average risk of 1 in 100 (Task
3), and a little over half correctly judged that a woman with a
genetic mutation had a higher risk of developing breast cancer
(5 X 12.2%) than of developing ovarian cancer (15 x 1.4%) or
both breast and ovarian cancer (Table 1). These dichotomized
outcome variables, scored as indicated above, were input to
logistic regression analyses.

Predictors in the logistic regression analyses were drawn
from measures of categorical gist, ordinal gist, objective
numeracy, and intelligence used in Reyna and Brust-Renck
(2020). Each of these four scales was reasonably reliable
and did not deviate significantly from normality. Because the
measures that involved numerical processing were expected
to correlate with one another, we conducted a principal com-
ponent analysis to derive orthogonal factor scores for input
as predictors into regression analyses. The component tasks

described above loaded as expected onto the dimensions of
categorical gist, ordinal gist, and objective numeracy. Intel-
ligence was treated as a separate dimension, not included in
the principal component analysis but added as a predictor in
regressions. Results for the base models with the three types
of numerical processing as predictors are shown in the top
halves of Tables 2-5 and results adding Intelligence as a pre-
dictor are shown in the bottom halves of Tables 2-5. Results
using composite scores by combining raw measures of sub-
scales separately for categorical gist, ordinal gist, and objec-
tive numeracy were similar to the ones using factor scores as
predictors (Supporting Information).

3.1 | Tasks1and 2—Cancer recurrence
versus side effectsin rectal cancer

Tasks 1 and 2 were analyzed separately, but results were
highly similar (Tables 2 and 3). Participants with higher
scores in categorical gist were significantly more likely to
choose the treatment option with lower recurrence rates and
higher side effects in both Study 1 and Study 2, controlling for
ordinal gist and objective numeracy (which were not signifi-
cant). Categorical gist remained significant when intelligence
was added as a predictor.

3.2 | Task 3—Ratio comparison of therisk of
skin cancer

Results for Task 3 are shown in Table 4. In Study 1, categor-
ical gist, ordinal gist, and objective numeracy all contributed
positively and uniquely to correctly judging the ratio com-
parisons between risks. Participants with higher scores were
more likely to choose the option with the correct ratio com-
parison, that the risk of getting skin cancer for a lifeguard (1
in 20) is 5 times greater than the risk for the general popu-
lation (1 in 100). These predictors remained significant con-
trolling for Intelligence in Study 1.

In Study 2, ordinal gist and objective numeracy remained
significant, each contributing independently to correctly

85UB017 SUOWIIOD BA 81D 3|qeot dde au Aq peusenob a1 S3jo e YO ‘35N JO S3|NJ 10y Afeiq1 8UIIUO AB|IA UO (SUOTIPUOD-PUR-SLUBYWODAB | 1M ARe.q 1 [ou{UO//SdNY) SUORIPUOD PUe S L 83 88S *[¢202/TT/80] U0 Areiqiauljuo Ao ‘AiseAIuN [RUI0D AQ #TEETESL/TTTT OT/I0PALOD A3 |IM ARIq 1 UIIUO//SORY WO.) papeojumoq ‘0 ‘v2696EST



6 BRUST-RENCK AND REYNA
TABLE 2 Logistic regression to predict choice of lower recurrence treatment (radiotherapy) for rectal cancer with factor scores of gist numeracy tasks
of categorical gist and ordinal gist, objective numeracy, and controlling for intelligence

Study 1 Study 2

B SE Wald OR B SE Wald OR
Constant -1.15 0.09 173.34** 0.32 -1.19 0.09 175.37** 0.30
GN Categorical gist 0.21 0.09 5.50* 1.24 0.21 0.10 4.84* 1.23
GN Ordinal gist —0.03 0.09 0.10 0.97 0.17 0.10 3.037 1.19
Objective numeracy —0.05 0.09 0.34 0.95 0.12 0.10 1.66 1.13
Constant —1.26 0.23 30.60** 0.28 —-1.23 0.24 27.45** 0.29
GN Categorical gist 0.21 0.09 5.34* 1.24 0.21 0.10 4.87* 1.24
GN Ordinal gist —0.05 0.10 0.26 0.95 0.11 0.11 0.97 1.12
Objective numeracy —0.07 0.10 0.57 0.93 0.16 0.11 2.14 1.18
Intelligence 0.02 0.04 0.24 1.02 0.01 0.03 0.04 1.01

Note: GN = Gist numeracy; OR = odds ratio. Higher scores mean choosing the treatment with lower recurrence rates, but higher side effects (Radiotherapy) instead of the treatment
with higher recurrence rates, but lower side effects (Chemotherapy) even though survival rate was the same.

"p<0.10. * p< 0.05. ** p < 0.01.

TABLE 3 Logistic regression to predict choice of lower recurrence treatment (treatment a) for rectal cancer with factor scores of gist numeracy tasks of
categorical gist and ordinal gist, objective numeracy, and controlling for intelligence

Study 1 Study 2

B SE Wald OR B SE Wald OR
Constant —-0.92 0.08 123.47** 0.40 —0.94 0.08 125.26** 0.39
GN Categorical gist 0.19 0.08 5.19* 121 0.24 0.09 6.87* 1.27
GN Ordinal gist —0.09 0.08 1.20 0.92 —-0.03 0.09 0.09 0.97
Objective numeracy —0.05 0.08 0.33 0.95 0.03 0.09 0.10 1.03
Constant —0.88 0.21 17.28** 041 —0.61 0.22 7.82* 0.55
GN Categorical gist 0.19 0.09 5.22* 121 0.22 0.09 6.17* 1.25
GN Ordinal gist —0.08 0.09 0.76 0.92 0.12 0.10 1.28 1.12
Objective numeracy —0.04 0.09 0.16 0.96 0.04 0.10 0.21 1.05
Intelligence —0.01 0.03 0.04 0.99 —0.05 0.03 2817 0.95

Note: GN = Gist numeracy; OR = odds ratio. Higher scores mean choosing the treatment with lower recurrence rates, but higher side effects (Treatment A) instead of the treatment
with higher recurrence rates, but lower side effects (Treatment B) even though survival rate was the same.

"p<0.10. * p< 0.05. ** p < 0.01.

judging relative risk, but categorical gist was no longer
a significant predictor. Again, controlling for Intelligence
did not change results; ordinal gist and objective numeracy
remained significant.

3.3 | Task 4—Processing of classinclusion
illusionsin estimating breast cancer genetic risk

Results for Task 4 are shown in Table 5. As in Task 3, ordi-
nal gist and objective numeracy predicted correct responses
in Study 1 and this result replicated in Study 2. Also, as
observed for all tasks, the same predictors were significant

when controlling for Intelligence in both Study 1 and Study
2. Participants with higher scores were more likely to cor-
rectly identify the probability of a woman with a genetic
mutation to have breast cancer as greater than the probabil-
ity of ovarian cancer or both breast and ovarian cancer (i.e.,
having both cancers is less probable than having either can-
cer by itself). In particular, correctly choosing breast can-
cer over ovarian cancer involves appreciating that, although
the increase in risk is lower for breast cancer than ovarian
cancer (increases by 5 times vs. by 15 times), the higher
base rate of breast cancer than ovarian cancer (12.2% vs.
1.4%) more than compensates for that in determining overall
risk.
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TABLE 4 Logistic regression to predict correct choice in a ratio comparison task involving risk of skin cancer with factor scores of gist numeracy tasks
of categorical gist and ordinal gist, objective numeracy, and controlling for intelligence

Study 1 Study 2

B SE Wald OR B SE Wald OR
Constant 1.45 0.11 182.31** 4.25 1.35 0.10 180.79** 3.87
GN Categorical gist 0.28 0.10 8.35* 1.33 0.01 0.10 0.02 1.01
GN Ordinal gist 0.67 0.10 46.18** 1.96 0.69 0.10 50.29** 1.99
Objective numeracy 0.98 0.10 95.45** 2.68 0.63 0.10 43.47** 1.88
Constant 1.22 0.25 24.30** 3.38 1.03 0.24 18.54** 2.80
GN Categorical gist 0.27 0.10 7.79* 1.32 0.03 0.10 0.07 1.03
GN Ordinal gist 0.62 0.11 31.88** 1.86 0.54 0.11 24.02** 1.72
Objective numeracy 0.93 0.11 69.18** 2.54 0.63 0.11 34.86** 1.87
Intelligence 0.04 0.04 1.04 1.04 0.05 0.04 2.17 1.05

Note: GN = Gist numeracy; OR = odds ratio. Higher scores mean correctly identifying that the risk of getting skin cancer for a lifeguard (1 in 20) is 5 times greater than the risk for

the general population (1 in 100).
"p<0.10. * p< 0.05. ** p < 0.01.

TABLE 5 Logistic regression to predict correct choice in a ratio judgment class inclusion problem in estimating breast cancer genetic risk with factor
scores of gist numeracy tasks of categorical gist and ordinal gist, objective numeracy, and controlling for intelligence

Study 1 Study 2

B SE Wald OR B SE Wald OR
Constant 0.35 0.08 18.02** 1.41 0.29 0.08 12.72** 1.34
GN Categorical gist 0.06 0.08 0.45 1.06 0.09 0.08 1.10 1.09
GN Ordinal gist 0.43 0.09 24.88** 1.54 0.61 0.10 41.82** 1.85
Objective numeracy 0.72 0.09 61.49** 2.06 0.55 0.09 38.10** 1.74
Constant 0.02 0.20 0.01 1.02 —0.03 0.21 0.02 0.97
GN Categorical gist 0.04 0.08 0.29 1.05 0.10 0.08 1.34 1.10
GN Ordinal gist 0.35 0.10 12.83** 142 0.46 0.10 19.54** 1.59
Objective numeracy 0.64 0.10 39.34** 1.90 0.54 0.10 27.11%* 1.72
Intelligence 0.06 0.03 3.03f 1.06 0.05 0.03 2.76" 1.05

Note: GN = Gist numeracy; OR = odds ratio. Higher scores mean correctly identifying that it is more likely that a woman with a genetic BRCA mutation would have breast cancer

(5 x 12.2%) than either ovarian cancer (15 x 1.4%) or both breast and ovarian cancer.
p<0.10. * p< 0.05. ** p < 0.01.

4 | DISCUSSION

We investigated how individual differences in gist-based
thinking about numbers and computational abilities are
associated with making preference-sensitive decisions about
tradeoffs between cancer recurrence and side effects and in
judging the relative risks of skin cancer (due to sun expo-
sure) and breast cancer (due to genetic mutations) in sce-
narios that mimic those in public health and medicine (e.g.,
Reyna, Nelson, et al., 2015; Wolfe et al., 2015). Broadly con-
sistent with fuzzy-trace theory (e.g., Reyna & Brust-Renck,
2020) and other approaches to numeracy (e.g., Peters, 2020)
and approximate numeracy (Sobkow et al., 2020), we found
that multiple types of numerical processing independently

predicted choices and judgments (even when controlling for
fluid intelligence). This is the first extension of scales that dis-
tinguish categorical gist of numbers, ordinal gist of numbers,
and objective numeracy beyond basic paradoxes in judgment
and decision making to other domains, specifically, health
and medicine.

With the increasing emphasis on evidence-based and
shared decision making, people who are not health profes-
sionals and who lack mathematical expertise are called upon
to make serious health decisions involving numerical ratios,
risks, and tradeoffs. However, representative surveys sug-
gest that the average person’s ability to accomplish these
kinds of numerical processing tasks is limited (Reyna et al.,
2009). Although we studied college students, their average
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scores on items that could be evaluated as correct or incor-
rect only ranged from 56% to 76% correct, a percentage that
would earn an F and a C, respectively according to standard
grading rubrics. In addition, we recruited two large samples
that encompassed a wide range of numerical abilities and
proclivities.

As we discussed in the introduction, objective numeracy
has been studied extensively and has been shown to be an
important factor in the quality of health judgments and deci-
sions. Our results are consistent with the role of objective
numeracy in facilitating judgments about relative health risks
and these results replicated across tasks and samples (see
also Patalano et al., 2015; Peters, 2012). However, our results
indicate that this is only one perspective on numerical infor-
mation. Consistent with core assumptions of fuzzy-trace the-
ory, there was also evidence that individuals extract multiple
representations of numerical information that vary in preci-
sion, including qualitative interpretations of numbers that are
vague, subjective, and approximate. The evidence for this was
that task responses tended to vary across individuals in con-
cert with their scores on valid and reliable measures of cat-
egorical and ordinal gist, as well as objective numeracy, and
these effects were independent of one another (because factor
scores were orthogonal). Each of these contributors to health
judgments and decisions accounted for unique variance
beyond differences in general intelligence (measured with a
well-validated scale). These effects echo those of a formal
model of decision making that also distinguished categorical
gist, ordinal gist, and objective (verbatim) representations of
numbers that accounted for 16 different effects in a literature
review on decision making (Broniatowski & Reyna, 2018).

Drilling down to which kinds of representations were
predictive in different tasks, categorical gist was related to
preference-sensitive decisions about cancer recurrence ver-
sus side effects. This decision was described as a tradeoff in
which numbers pulled in opposite directions: No one wants
cancer to recur or to experience side effects that compro-
mise quality of life, but the treatments described a common
dilemma in which one option was superior to the other along
these countervailing dimensions offering either a lower recur-
rence rate or a lower rate of side effects. On its face, this deci-
sion does not offer options that differ categorically, as ordi-
narily used in fuzzy-trace theory to elicit decision preferences
that pivot on categorical gist (e.g., Reyna et al., 2014). How-
ever, the result that categorical gist was consistently related
to preferences to avoid cancer recurrence across versions of
the task and across samples suggests that some respondents
viewed these options as differing categorically. The more
likely that people were to think categorically, the more likely
they were to choose avoiding recurrence, suggesting that they
viewed the options as differing categorically, for example, as
low versus high chance of death from cancer recurrence.

A similar conclusion can tentatively be drawn for at least
one of the two samples for skin cancer for which categorical
gist was also predictive despite the lack of categorical con-
trasts across options, too. This pattern of responses is con-
sistent with categorizing the rates of skin cancer as differing

qualitatively, again, perhaps as low versus high. Such a cate-
gorization of continuous quantities is analogous to results for
jurors’ mental representations of civil damage awards (e.g.,
sums awarded to redress pain and suffering), which appear to
be classified as low versus high (Reyna, Hans et al., 2015).

There are three reasons why the association with categor-
ical gist measures goes beyond reflecting mere risk aversion
by itself. First, options in our problems were all risky, for
example, the risk of cancer recurring or the risk of side
effects. Thus, categorical gist representations characterize
how people tended to interpret the numbers, rather than
how the numbers varied objectively. Second, prior research
has shown that these categorical gist measures differ from
measures of “pure” risk aversion in the sense of preferences
for lower versus higher variability in outcomes (Reyna &
Brust-Renck, 2020). Third, measures of categorical gist
include whether, for example, Russian roulette should be
played for any amount of money (regardless of how large the
amount is) and other outcomes that do not involve money
or death, which assess rejection of trading off itself (under
specific circumstances) rather than the degree to which one
prefers to trade off risk for reward.

Ordinal gist representations figured in both risk compari-
son tasks, including a more complicated task that also tapped
class-inclusion reasoning (Reyna & Brainerd, 2008). The lat-
ter ability is to recognize that when a class of objects or events
is subsumed in another class of objects or events—as in the
relationship between feminist bank tellers and bank tellers or
between developing both breast and ovarian cancer and devel-
oping breast cancer—it must be less frequent or less proba-
ble. This kind of ordinal relationship of relative magnitude
can assist judgments of relative risk regardless of the spe-
cific numbers involved and does not require computation. Our
results that ordinal gist was distinct from objective numer-
acy is also reminiscent of findings separating approximate
number sense, the intuitive number system, from the analyti-
cal system, although both are related to numerical processing
(e.g., Brannon, 2006; Peters & Bjalkebring, 2015; Thompson
& Opfer, 2010).

It is worth noting that these participants were less likely to
have experienced side effects, compared with older patients
although young people can and do develop cancer. Individ-
uals who have experienced adverse effects of medical treat-
ment might make different decisions on average, in particular,
they might be more tolerant of side effects because of hedonic
adaptation (e.g., Ubel et al., 2003).

In summary, in our zeal to encourage high levels of
numeracy to facilitate health judgments and decisions, it is
important to not overlook the theoretically and empirically
grounded arguments that individuals represent numerical
information in multiple ways and that individuals vary in
the degree to which they rely on these distinct representa-
tions. Moreover, people rely on imprecise representations of
numbers, even as adults and even with advanced training.
These gist representations capture approximate relative
magnitudes or, at the crudest but most meaningful level,
the categorical gist of qualitatively different options. Such
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qualitative distinctions are often, but not always, necessary
to take action in the real world when partial action is not an
option.
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