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Interpreting politically-charged numerical information: The influence
of numeracy and problem difficulty on response accuracy
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Abstract

People who possess greater mathematical skills (i.e., numeracy) are generally more accurate in interpreting numerical data
than less numerate people. However, recent evidence has suggested that more numerate people may use their numerical skills
to interpret data only if their initial interpretation conflicts with their worldview. That is, if an initial, intuitive (but incorrect)
interpretation of data appears to disconfirm one’s beliefs, then numerical skills are used to further process the data and reach
the correct interpretation, whereas numerical skills are not used in situations where an initial incorrect interpretation of the
data appears to confirm one’s beliefs (i.e., motivated numeracy). In the present study, participants were presented with several
data problems, some with correct answers confirming their political views and other disconfirming their views. The difficulty
of these problems was manipulated to examine how numeracy would influence the rate of correct responses on easier vs. more
difficult problems. Results indicated that participants were more likely to answer problems correctly if the correct answer
confirmed rather than disconfirmed their political views, and this response pattern did not depend on problem difficulty or
numerical skill. Although more numerate participants were more accurate overall, this was true both for problems in which
the correct answer confirmed and disconfirmed participants’ political views.

Keywords: numeracy, motivated numeracy, partisan politics, judgment and decision-making

1 Introduction

In the United States political landscape of 2020, not much
is as apparent and consequential as partisan political po-
larization (Kaltenthaler & Miller, 2012). One longstand-
ing explanation of entrenched political polarization is that
people selectively search for, interpret, and integrate infor-
mation that confirms and bolsters their political worldview
and identity while also discounting information that chal-
lenges or disconfirms it — a phenomenon often called “mo-
tivated reasoning” (Dawson, Gilovich & Regen, 2002; Ep-
ley & Gilovich, 2016; Gilovich, 1991; Hastorf & Cantril,
1954; Holyoak & Simon, 1999; Klayman & Ha, 1987,
Kunda, 1990; Kunda, 1987; Lord, Ross & Lepper, 1979).!
Moreover, motivated reasoning has been found to influence
a wide range of judgments, including stereotype activation
and assessment (Kundra & Sinclair, 1999), science com-
munication (Hart & Nisbett, 2012), critical reasoning skills
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(Dawson, et al., 2002), and even time predictions (Buehler,
Griffin & MacDonald, 1997). Thus, it is easy to under-
stand why motivated reasoning has been widely implicated
as the best way to understand why political partisans are of-
ten unable to come to agreement on many (or most) topics
(Lebo & Cassino, 2007; Leeper & Slothuus, 2014; Red-
lawsk, 2002; Slothuus & De Vreese, 2010; Vallone, Ross
& Lepper, 1985; Westen et al., 2006).

One important question is the extent to which motivated
reasoning is affected by individual differences in cognitive
ability, such mathematical ability (i.e., numeracy; Peters
2012; Stanovich & West, 2007; Toplak, West & Stanovich,
2011) or other components of intelligence. If a person pos-
sesses the cognitive proficiencies necessary to understand
the evidence either in support of or against a given claim,
then they might be more likely to consider and incorporate
evidence that conflicts with their preexisting beliefs and atti-
tudes. However, those same intelligent and highly numerate
individuals might be among those most able to counter argue
and dismiss evidence with which they disagree. Therefore,
cognitive abilities could reasonably be expected to either
protect against or exacerbate motivated reasoning. How-
ever, there is also considerable evidence indicating that the
tendency to interpret information in favor of preexisting be-
liefs and attitudes is no more or less likely among individu-
als with greater cognitive abilities (Stanovich & West, 2000;
Stanovich & West, 2007; Stanovich & West, 2008b; Toplak,
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West & Stanovich, 2011). For example, college entrance
exam scores, which are associated with both numeracy and
intelligence test scores, have been found to be unassociated
with many cognitive biases (Stanovich, West, & Toplak,
2013; West, Meserve & Stanovich, 2012; Stanovich & West,
2008a; 2008b). Thus, even the most intelligent among us
may be biased by preexisting beliefs and are capable of mak-
ing sub-optimal judgments that are not exclusively based
upon the available evidence.

Many studies have shown that numeracy (i.e., the abil-
ity to process probability and numerical concepts; Peters,
Vistfjall, Slovic, Mertz, Mazzocco & Dickert, 2006), un-
like more general ability measures, is associated with op-
timal judgment and decision-making and the avoidance of
heuristic errors. For example, research has shown that
more numerate individuals perform better on metacognitive
tasks, (Cokely, Ghazal & Garcia-Retamaro, 2014), compre-
hension of medical information (Peters, Hibbard, Slovic &
Dieckmann, 2007), and are less susceptible to framing ef-
fects (Peters, Vistfjdll, Slovic, Mertz, Mazzocco & Dick-
ert, 2006). Numerical ability has also been cited as a key
protective factor against committing the conjunction fallacy;
more numerate individuals are less likely to display this fal-
lacy (Liberali, Freyna, Furlan, Stein & Pardo, 2012), partic-
ularly when they engage in deliberative thinking strategies
(Scherer, Yates, Baker & Valentine, 2017). The tendency for
more numerate individuals to make better decisions might
lead us to expect that numeracy is also associated with a re-
duced tendency to engage in motivated reasoning when in-
terpreting numerical evidence and data. In particular, when
confronted with evidence or data that violates their expec-
tations or worldview, people with greater numerical ability
might be expected to interpret evidence or data fairly and
accurately, compared with their less numerate peers. Like-
wise, less numerate individuals might be especially inclined
to interpret evidence and data as if it were consistent with
their preexisting beliefs, because they lack the skills neces-
sary to correctly interpret the data.

Recently, Kahan, Peters, Dawson and Slovic (2017a) re-
ported a striking and somewhat counterintuitive example of
the relationship between numeracy and motivated reason-
ing. These researchers found that when evidence presented
in the form of numerical data tacitly threatens an individ-
ual’s political worldview, more numerate individuals ap-
peared to display more bias in their responses than less nu-
merate individuals when answering politically-charged data
interpretation problems (Kahan, et al., 2017a). In this study,
bias was identified as a differential response rate between
participants who answered a data interpretation problem in
which the correct answer confirmed their worldview and
participants who answered a problem in which the correct
answer disconfirmed their worldview. In other words, par-
ticipants were more likely to answer correctly when their
pre-existing beliefs were concordant with the correct re-
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sponse than participants whose pre-existing beliefs con-
flicted with the correct response.

In their study, participants were presented with four nu-
merical values arranged in 2 X 2 table where the key to cor-
rectly interpreting the data involved ratio comparisons be-
tween rows; thus, requiring the use of the values in all four
cells. When participants were presented with problems in an
apolitical context (i.e., concerning the effectiveness of skin
cream), more numerate participants were more likely to an-
swer the problems correctly than were less numerate partic-
ipants (Kahan et al., 2017a). However, when the problems
presented a politicized topic (e.g., concealed carry handgun
laws and their effects on crime), numeracy did not straight-
forwardly increase correct responding. Instead, responses
of more numerate participants were simply more consistent
with their prior beliefs.

This phenomenon has become known as “motivated nu-
meracy”. A recent replication with a large sample of online
participants reported similar results, further supporting the
initial findings (Kahan et al., 2017).2

It is important to note that interpreting responses in the re-
search of Kahan et al. (2017a) as a form of motivated reason-
ing, or more generally a form of bias, it debatable and has
been challenged. Recent research has argued that incorpo-
rating prior beliefs (i.e., Bayesian reasoning) is, in fact, a ra-
tional thought process (Baron & Jost, 2019; Bullock, 2009;
Druckman & McGrath 2019). Thus, weighing one’s previ-
ous beliefs (i.e., “strong gun laws don’t save lives”) into a
data interpretation problem regarding the impact of efficacy
of gun laws and arriving at a partisan-confirming conclusion
does not necessarily constitute a form of bias, because it is
not irrational to consider one’s prior beliefs in the face of
new evidence (Bullock, 2009).

Furthermore, research has argued that people struggle to
make a distinction between the implications of the informa-
tion they are given, putting aside their prior beliefs, and the
conclusion about what is true, all things considered (Kuhn,
1993; Kuhn, Shaw & Felton, 1997; Kuhn, 2001). Therefore,
when confronted with information that disconfirms one’s
political views, people may fail to interpret it correctly not
because they were motivated to discount it, but because they
interpret the question they were asked as referring to their
current beliefs after seeing the evidence, beliefs that may
not have changed much, given that they are consistent with
many other prior beliefs. Although results from Kahan et
al. (2017a) have been interpreted as a motivated process, the
same pattern could be interpreted as a non-motivated pro-
cess that occurs as a form of intuitive Bayesian updating
(Baron & Jost, 2019; Bullock, 2009). Although the debate
over what constitutes motivated reasoning and biased re-

2 Although one recent conference presentation reported being unable to
reproduce these findings (Ballarini & Sloman, 2017), Kahan and Peters
(2017) argued that it had insufficient statistical power and differed from the
original study in other relevant ways.
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sponding is worth exploring in more detail it was not within
the scope of this project as the main purpose of the present
research was to extend the work of Kahan et al. (2017a).
Henceforth we use the term “partisan-consistent responses”
as opposed to “bias” to describe the difference in accuracy
between problems in which the correct answer agrees with
participants’ partisan political views and problems in which
the correct answer disagrees with participants’ partisan po-
litical views.

2 Present Research

The present research further explored the relationship be-
tween numeracy and response accuracy in the context of
the 2 x 2 data interpretation problems used in prior re-
search (Kahan et al., 2017a). As in the previous literature
we examined response accuracy when participants were pre-
sented with problems in which the correct answer confirmed
their political views (e.g., liberals: banning guns decreases
crime) and problems in which the correct answer discon-
firmed their political views (e.g., liberals: default welfare
enrollment increases spending). However, we extended the
previous research design by providing participants with sev-
eral items regarding different politically charged topics, al-
lowing this study to test whether the findings of Kahan et
al. (2017a) extend to politicized issues besides gun control,
and whether a pattern of partisan-consistent responses still
emerged when participants answer multiple questions.

We also examined the importance of problem difficulty.
Because the data interpretation problems utilized by Kahan
et al. (2017a) were very challenging, it was assumed that
most participants would rely on a “heuristic” interpretation
of the data, without taking all four cells into account, as they
would struggle to solve the problems correctly. Kahan et al.
(2017a) designed problems such that the heuristic interpre-
tations always produced an incorrect answer, so participants
had to have the motivation and numerical skill in order to
reason beyond that conclusion and reach the correct answer.
Therefore, a natural limitation to that research is that the re-
ported motivated numeracy effect has been established only
under circumstances where the numerical data are challeng-
ing to interpret, and perhaps even misleading insofar as the
heuristically produced answer was always incorrect. Thus,
2 X 2 data interpretation problems similar to those used by
Kahan et al. (2017a) were systematically varied in difficulty,
in order to examine how the difficulty of data interpretation
influences response accuracy, for both partisan-confirming
and partisan-disconfirming problems.

We anticipated observing partisan-consistent responses,
at least on difficult problems. That is, when problems were
challenging, it was expected that participants would an-
swer more questions correctly when the answer confirmed
their pre-existing political beliefs relative to problems in
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which the answer disconfirmed their pre-existing political
beliefs. Furthermore, it was expected that the motivated nu-
meracy effect would be observed consistent with the results
of Kahan et al., (2017a). That is, more numerate partici-
pants would be more likely to provide partisan-consistent
responses, but less numerate participants would not.

Additionally, if the motivated numeracy effect is contin-
gent upon the data being sufficiently difficult to interpret (as
pilot data collected prior to this study indicated?), then more
numerate participants should respond in a pattern consistent
with the results of Kahan et al., (2017a) only on the diffi-
cult problems. On easier problems, no such pattern would
be observed for more numerate participants as the correct
answer would be easily identifiable. However, if more nu-
merate participants are systematically answering partisan-
disconfirming problems incorrectly even when problems are
easy to interpret, this would suggest that “motivated numer-
acy” is not about applying cognitive skills per se, but instead
involves a more complex mental process that may involve,
for example, taking prior beliefs into account, or rejecting
the data presented as “fake”.

3 Methods

3.1 Participants

A total of 1202 participants recruited from Amazon’s Me-
chanical Turk (MTurk) completed this study in exchange
for $0.75. All demographics, including political affil-
iation, were recorded at the end of the study to en-
sure political identities were not primed before partici-
pants viewed the data interpretation problems. Participants
ranged in age from 18-77 (M=35.07). Approximately half
(49.2%) of the sample was female, 83.4% reported being
White/European American, 9.7% Black/African-America,
and 7.5% Asian/Asian-American. A large portion (48.1%)
of participants reported having a bachelor’s degree or a
higher degree.

About half (51%) of participants indicated they were
somewhat liberal, liberal or very liberal; 21% were mod-
erate, and 29% were somewhat conservative, conservative,
or very conservative. Political moderates were not excluded
from this study because exclusion criteria on MTurk are of-
ten difficult to apply, and people on MTurk are attentive
to screening and may lie in order to bypass exclusion cri-
teria and participate in studies (Hauser & Schwarz, 2015).
By including participants across the political spectrum, we
eliminated the pressure to lie regarding their actual politi-
cal orientation and were able to observe whether political
moderates were more (or less) accurate than their partisan

3Numbers in the easy and intermediate conditions were pilot tested
(both Ns “100) before conducting this study in order to verify that the base
rate of correct responding was higher for the easy and intermediate versions
relative to the difficult version.
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Rash got better | Rash got worse | Total
Patients who did use the new skin cream 20 10 30
Patients who did not use the new skin cream 15 15 30
Total 35 25

206

Figure 1a. Skin Cream problem; easy version.

Rash got better | Rash got worse

Patients who did use the new skin cream 25 7

Patients who did not use the new skin cream 32 18

Figure 1b. Skin Cream problem:; difficult version.

peers. Furthermore, Mturk has been found to be a valid re-
cruitment tool for research on political ideology (Clifford,
Jewell & Waggoner, 2015).

3.2 Design

This study employed a mixed design with between-subjects
manipulations of problem difficulty (easy, intermediate, dif-
ficult) and of problem sets (set A, set B), as well as one
within-subjects factor of problem type (liberal-confirming,
conservative confirming, apolitical). Difficulty was varied
by manipulating the numbers presented to be easier (or
harder) to mentally calculate, as well as the inclusion (or
exclusion) of rows and columns displaying total values to
make calculation easier still. Figures 1a and 1b display val-
ues from the easy and difficult versions of the “skin cream”
problem, respectively. As it was necessary to counterbal-
ance the political leaning of each of the six problems, two
counterbalanced problem sets were created. In total, partic-
ipants were presented with two items in which the correct
answer confirmed a liberal worldview, two that confirmed a
conservative worldview, and two problems which were apo-
litical. Figure 2 details problem sets A and B.

3.3 Procedure and Measures

Participants were instructed that their goal was to correctly
interpret numerical data from hypothetical studies. Partici-
pants were first randomized to one of three difficulty condi-
tions: easy, intermediate, or difficult. Following this, partic-
ipants were randomized to one of the two problem sets (Fig-
ure 2). Both problem sets began with participants respond-
ing to the skin cream problem and the gun control problem
from Kahan et al. (2017), presented individually in a ran-
domized order. Next, participants were individually shown
the remaining four problems that were developed for this
study (regarding Obamacare, default welfare, human caused
climate change, and migraine medication side-effects) in an
order randomized for each participant.
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After responding to all six problems, participants com-
pleted the 8-item Rasch Numeracy scale (Weller et al.,
2013), and demographic measures including a single-item
measure of political orientation (1 = very liberal, 4 = neu-
tral/centrist, 7 = very conservative). A two-dimensional
cultural worldview scale was also measured (Kahan et al.,
2012; Kahan et al., 2017) but is not reported here for
the sake of brevity and because analyses with the two-
dimensional scale showed similar findings as the political
orientation measure (See https://osf.io/f2jqx/).

The main dependent measure was correct vs. incorrect re-
sponding on each of the six problems. As previously de-
scribed (and shown in Figures 1a and 1b), all problems pre-
sented information in a 2 X 2 contingency table. To arrive
at the correct answer participants were required to examine
the column and row information and compare ratios, and
therefore, use of all the information provided in the table to
arrive at the correct conclusion (although the numbers were
simplified for the easy problems).

Specifically, participants were asked to select which of
the two conclusions provided for each problem was sup-
ported by the data presented. Importantly, for overtly po-
litical questions, one conclusion supported a conservative-
worldview and the other supported a liberal-worldview;
whether the conservative or liberal conclusion was sup-
ported for a given problem was dependent on the set of
problems (Figure 2) to which participants were randomly
assigned. Additionally, difficult problems were designed to
be on par with the difficulty level of the original problems of
Kahan and colleagues (2017a) and did not include column
or row totals. Both easy and intermediate versions of the
problems included column and row totals and these prob-
lems presented numbers that were easier to mentally calcu-
late and compare between columns and rows (e.g., “1007,
“50” as opposed to “116”, “92”).

It is important to note that Kahan and colleagues (2017a)
designed each problem such that participants could use two
different heuristic problem solving strategies to answer the
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Gun Control (C)

Skin Cream (A, reduces rash)
ClimateC‘hange @)
Obamacare (C)

Default Welfare (L)
Medication Side Effects (A, side effects)
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Set B
Gun Control (L)

Skin Cream (A, does not reduce rash)
Climateinge ©)
Obamacare (L)

Default Welfare (C)
Medication Side Effects (A, no side effects)

Ficure 2: Set A and Set B full list. First, as indicated by the arrows, Gun Control and Skin Cream items were presented
in a randomized order. Then, the remaining four items were presented, also in a randomized order. (L) = Liberal-

confirming. (C) = Conservative-confirming. (A) = Apolitical.

problems, but these strategies always led to incorrect an-
swers. These strategies, the “1 vs. 2” strategy (in which par-
ticipants compare only the numbers adjacent to each other
in one row) and the “1 vs. 3” strategy (in which participants
compare only the numbers adjacent to each other in one col-
umn) do not use all the values present (Kahan et al., 2017a).
This is important, as it indicates that one factor that may
contribute to partisan-consistent responses is the fact that
heuristic strategies may inhibit information processing. In
the current study, use of the “1 vs. 2” heuristic strategy al-
ways led to the correct answer regardless of difficulty level.
The “1 vs. 3” heuristic strategy led to the correct answer
on all easy problems, except for the Obamacare problem,
in which the strategy was inconclusive because the values
compared were equivalent. However, for the intermediate
problems, use of the “1 vs. 3” strategy led to three correct
and three incorrect responses, and for the difficult problems
this strategy led to four incorrect and two correct responses.

The inconsistency between the previous research and the
present study in regards to the use of the heuristic strate-
gies leading to incorrect responses was an oversight in de-
veloping materials that resulted in easier ratio calculations.
The main implication of these differences is that reliance
on heuristic strategies in the present study would, in most
cases, lead participants to a correct response. Thus, incor-
rect responses observed in the present study may not neces-
sarily reflect reliance on one of these heuristic strategies,
especially for problems in the easy condition. For more
information, see the supplemental materials (https://osf.io/
£2jgx)).

4 Results

Because each participant responded to multiple problems
within the dataset, a multilevel model (MLM) was used
to control for correlated error (Gelman, 2006). Bates et
al. (2018)’s “lme4” package in R was used for analyses.
A single maximum likelihood logistic multilevel regression
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model was used to test hypotheses and examine interac-
tions between problem-type (apolitical, liberal-confirming,
conservative-confirming), problem difficulty (easy, interme-
diate, difficult), political orientation, and numeracy. Partic-
ipants were included as a random intercept factor. Politi-
cal orientation and numeracy were grand mean centered be-
fore analyses to adjust for multicollinearity among interac-
tion terms. Problem-type was dummy-coded such that the
conservative-confirming problems served as the base com-
parison (i.e., conservative-confirming vs. liberal- confirm-
ing; conservative-confirming vs. apolitical). Difficulty lev-
els were coded and included in the model (easy = —1, in-
termediate = 0, difficult = 1). These four key variables were
used to predict responses on the data interpretation problems
(incorrect = 0, correct = 1), with participant serving as the
random variable. This model tested all main effects, 2-way,
3-way, and 4-way interactions.

If the motivated numeracy effect as reported in Kahan et
al. (2017a) is contingent upon the difficulty of the problems
as well as participants’ numerical ability, then 4-way inter-
actions between all relevant variables should be observed.
If numeracy (but not problem difficulty) is responsible for
the production of partisan-consistent responses, then 3-way
interactions between numeracy, problem-type, and politi-
cal orientation should be observed. If problem difficulty
(but not numeracy) influences partisan-consistent respond-
ing, then 3-way interactions between numeracy, problem-
type, and political orientation should be observed. Theo-
retically irrelevant components from this MLM are not dis-
cussed below, though full details about this model can be
found in the supplement (https://osf.io/f2jqx/).

First, a main effect* of difficulty was observed, (y=—0.47,
SE=0.07, p<.001) offering support for successful manip-
ulation of difficulty. A main effect of numeracy was
also observed, indicating that more numerate participants
made fewer errors relative to less numerate participants
(y=0.18, SE=0.03, p=0.001), overall. Furthermore, there

4)/ symbols represent a slope value for all reported results within the
MLM.
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Probability Correct by Political Ideology

0 Apolitical Ttems

i 2

A Liberal Confirming Items

4
Political Ideology:

#® Conservative Confirming Items
5 6 7

1 = Very Liberal, 7 = Very Conservative
Ficure 3: Lines indicate the probability of correct responding (y=axis) between problem-type, across political orientation
(x-axis). Points indicate average probability correct for each level of political orientation from 1 to 7.

was a significant 2-way interaction between political ori-
entation and conservative-confirming vs. liberal-confirming
problems (y=0.13, SE=0.04, p<.001). To interpret this
interaction, simplified models looking at each problem
type individually were conducted. When examining apo-
litical problems, response accuracy was not predicted by
political orientation (y=0.13, SE=0.04, p<.001), as an-
ticipated. Political orientation was significant, however,
when examining liberal-confirming (y=—0.28, SE=0.04,
p<.001) items, such that liberal-leaning participants were
more accurate than conservative-leaning participants. Con-
versely, liberal-leaning participants were less accurate rel-
ative to conservative-leaning participants on conservative-
confirming (y=-0.08, SE=0.03, p=.001) items. Thus, the
pattern in Figure 3 indicated political partisans were more
likely to answer questions correctly when the correct an-
swer agreed with their worldview than when it disagreed
with their worldview.

If this pattern of partisan errors is dependent on both one’s
numerical ability and problem difficulty, 4-way interactions
should have been observed. However, these interactions
were non-significant (ps > 0.31). For a figure displaying
the relationship between all relevant variables, see supple-
mental materials (https://osf.io/f2jqx/).

All 3-way interactions between numeracy, political ori-
entation, and problem type were non-significant, y<—0.01,
SEs = 0.03, ps>0.20. This indicates that the pattern of
partisan-consistent responses making more errors on
problems that conflict with one’s worldview than on prob-
lems that are consistent with it — did not depend on numer-
ical ability (Figure 4). Instead, more numerate participants
across the political spectrum outperformed their peers on all
problem types, without a change in differential accuracy be-
tween partisan-confirming and partisan-disconfirming prob-
lems.
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Finally, all 3-way interactions between difficulty,
problem-type, and political orientation were not significant,
vs < =0.01, SEs = 0.05, ps > 0.79 (Figure 5). This indi-
cated that problem difficulty did not attenuate the observed
pattern of partisan-consistent responses; participants were
more likely to answer partisan-confirming items correctly
relative to partisan-disconfirming items regardless of how
difficult the problems were to solve.

5 Discussion

The present study extended previous research by Kahan and
colleagues (2017a) in two main ways. First, participants
were asked to respond to multiple data interpretation prob-
lems: the correct answer to some of these problems con-
firmed, disconfirmed, or unrelated to their political world-
views. Second, the difficulty level of these data interpreta-
tion problems were directly manipulated to examine if prob-
lem difficulty operates as a boundary condition for the ex-
pression of the motivated numeracy effect. The inclusion of
multiple items allowed for within-subject comparisons and
aggregate measures for problem-type (liberal-confirming,
conservative-confirming, apolitical) that reduced the chance
that outcomes could be the result of a unique scenario (e.g.,
banning concealed carry guns).

Results indicated that partisan-consistent responses were
observed even when the problems were easy to solve. In ad-
dition, regardless of numerical skill, participants were more
likely to produce the incorrect answer when the correct an-
swer disconfirmed their worldview than when the correct
answer supported their worldview. Furthermore, this differ-
ential response pattern was found at all levels of problem
difficulty (i.e., how difficult the problems were to solve did
not attenuate the observed pattern of partisan-consistent re-
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Correctness by Political Ideology and Numeracy

Liberals Moderates Conservatives
1-
0.8- o - 1L >
-~ - (d - -
51 1 Srrenat o g
g ’_/-"’- /,’ L= /_r‘/
° bt - oo
o6 . - =
> =
=
204
S
<]
=
-9
0.2-
0- Apolitical Items = Liberal Confirming Items ~ -= Conservative Confirming Items
o 1 2 3 4 5 6 7 8 0 1 2 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Numeracy

Ficure 4: Lines indicate the probability of correct responding (y=axis) between condition and problem-type, across

numeracy (x-axis).

Probability Correct by Political Ideology and Problem Difficulty

Easy Problems

Intermediate Problems

Difficult Problems

0- Apolitical Items
P2 3 4 5 6 7 i

= Liberal Confirming Items

2 3
Political

== Conservative Confirming Items

405 6 7 2 3 4 5 6
Ideology:

1 = Very Liberal, 7 = Very Conservative

Ficure 5: Lines indicate the probability of correct responding (y=axis) between condition and problem-type, across

political orientation (x-axis).

sponses). Although participants had the opportunity to im-
prove and/or ignore the overt political context of the prob-
lems given the within-subjects design, supplemental analy-
ses indicated that participants became less accurate on later
problems; this probable fatigue effect occurred regardless of
numerical ability (see supplemental materials https://osf.io/
£2jgx)).

Although numerical skill was associated with increased
accuracy, numeracy did not moderate the expression of
partisan-consistent responses. This result is consistent with
previous research demonstrating the lack of an association
between cognitive biases and cognitive ability (Stanovich &
West, 2008a; West, Meserve & Stanovich, 2012). In this
study, the correct answers were often able to be derived
through heuristic responses strategies (especially for the
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easiest problems). Therefore, making partisan-consistent re-
sponses does not appear to be the result of limitations in
information processing. It is possible that these results are
somewhat inconsistent with the findings of Kahan and col-
leagues (2017a) because their study deliberately intended
for the problem to be highly challenging, and the heuris-
tic responses strategies always led to incorrect responses.
The original problems from Kahan et al. (2017a) may, in
fact, have been so difficult that less numerate participants
resorted to guessing, whereas in the present study less nu-
merate participants may not have done so.

Although these data cannot definitively speak to the
mechanism(s) responsible for partisan-consistent responses,
they show that even people possessing considerable numer-
ical ability use their prior beliefs to inform their responses
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when interpreting politically-charged information. People
may preferentially weight partisan-consistent information as
more pertinent than relevant, but threatening, information
from consideration. Alternatively, participants may reject
the information at hand because it doesn’t align with what
they already believe to be true. It is also possible that partic-
ipants who possessed the ability to identify the correct an-
swer nonetheless deliberately provided incorrect responses
in order to arrive at a preferred, partisan-consistent response.
If this is the case then such responding could reflect some-
thing much more intentional than mere selective skill appli-
cation suggested by previous findings especially for more
numerate participants (Kahan et al., 2017a).

Furthermore, partisan-consistent responses could be the
result of different processes for less numerate participants
and more numerate participants. For example, less numerate
participants may use partisan-consistent information when
responding due to simply not understanding how to answer
the question correctly. If so, then less numerate individuals
may make biased judgment due to a lack of skill, whereas
more numerate individuals may make errors due to actively
counter arguing and/or rejecting threatening information to
avoid arriving at undesired conclusions, or not wanting to
give the appearance of being on the wrong side.

Notably, these findings are distinct from classical work on
motivated reasoning (Dawson & Gilovich & Regen, 2002;
Eply & Gilovich, 2016; Kunda, 1990), which suggests that
problems that are more difficult for people to “reason their
way out of”” should also result in fewer partisan-consistent
responses. Indeed, one could imagine that, at least for the
easy problems in the present research, more numerate in-
dividuals must have found it challenging to not notice the
objectively correct answer. Thus, these results may instead
support arguments made by some researchers (Baron & Jost,
2019; Bullock, 2009) that political partisans engage in a
form of Bayesian belief updating, in which they may reject
information presented that disagrees with their prior beliefs.
However, if such a Bayesian process (i.e., responding based
on what they already think is true, regardless of the correct
answer) is what participants chose to do in the present re-
search, it would be difficult to conclude that such a pro-
cess is rational, assuming that participants tried to follow
our instructions, as participants were instructed to interpret
the data at hand, not determine how true/untrue they believe
the conclusion to be in the real world (Baron & Jost, 2019).

Whether or not participants are able to follow or under-
stand such an instruction, however, has been questioned by
researchers as well (Kuhn, 1997) suggesting at the very least
that the role of motivation in the commission of partisan-
consistent responses is unclear. One possible way future
research could address whether or not partisan-consistent
responses are a consequence of motivated information pro-
cessing would be to ask whether people (across the spectrum
of numeracy) can be trained to a) unambiguously understand
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the instructions presented to them (i.e., “analyze the data in
front of you and consider no other evidence”) and b) display
increased accuracy over time. Based on research regard-
ing the mental models people construct to answer syllogis-
tic reasoning problems (Klauer, Musch & Naumer, 2000),
which present challenging problems to solve that include
absurd conclusions (i.e., “whales can walk™), it is possible
that the partisan-consistent response pattern observed in the
present research were due to participants being unable to
decouple their prior beliefs of the world and the evidence
presented to them. If so, then partisan-consistent respond-
ing in the present study may have more to do with learn-
ing a new skill — cognitive decoupling — and less to do
with motivated reasoning. If, however, partisan-consistent
responses persist even when participants have been properly
instructed and trained, then they may instead be motivated:
participants may selectively seek out and apply information
that confirms their worldview while ignoring or discounting
information that threatens it.

The first limitation of the present research concerns the
distribution of political views within the sample. As is typi-
cal for data collected from MTurk, a disproportionate num-
ber of participants were liberal and liberal-leaning relative
to conservative and conservative-leaning. Hence, interpreta-
tion of partisan-consistent responding across the ideological
spectrum should be made with caution. Although a balanced
sample is superior and should be pursued in future research,
the present sample size provides a large enough number of
conservative participants for an initial study. In addition,
numeracy scores for participants in the present study were
higher on average than those reported by Kahan and col-
leagues (2017a). This difference in numerical scores may
reflect that many Mturk participants have relatively high lev-
els of education, and thus high numerical ability as a pop-
ulation, relative to the population of subjects recruited by
Kahan and colleagues (2017a).

Second, although the difficulty level of the “difficult”
problems were designed to be on par with the difficulty of
problems from Kahan et al. (2017a), a majority of partici-
pants (more numerate participants in particular) found our
difficult problems easier than those used by Kahan et al.
(2017a). This is likely related to the aforementioned fact
that numerical ability was overall higher in the present study,
leading to higher overall accuracy, though it also indicates
that our difficult problems were not as difficult as intended.
Thus, results from Kahan et al. (2017a) may occur only at
even higher levels of difficulty, with the present study indi-
cating a different (and somewhat surprising) pattern of re-
sults emerging when problems were easier to solve. Thus,
future research utilizing such problems should closely ex-
amine the difficulty levels of different types of problems.

A third limitation with the present study involves the
degree to which the data interpretation problems nudged
participants into selecting a particular response by way of
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heuristic strategies. Specifically, unlike the problems con-
structed by Kahan and colleagues (2017a) in which heuristic
strategies always led to incorrect responses, in the present
study the “1 vs. 2” heuristic approach always leads to the
correct answer, whereas a “1 vs. 3” heuristic approach led
to a mix of incorrect and correct response on intermedi-
ate and difficult versions of the problems. If it is the case
that partisan-consistent responses depends on these heuris-
tic strategies leading to an incorrect response, then it stands
to reason that the deck was inadvertently stacked against
observing a pattern of partisan-consistent responding, espe-
cially in the condition with the easiest problems. However,
partisan-consistent errors were still observed in all condi-
tions, regardless of how numerate participants were. This
suggests one of three possibilities: 1) participants put very
little effort into these problems resulting in their guesses be-
ing influenced by their prior beliefs, 2) participants were in-
tentionally answering incorrectly when the correct answer
disconfirmed their prior beliefs, or 3) participants do not rely
on these heuristic strategies as much as suggested by prior
research.

These data do not fully support the first possibility. Al-
though analyses showed a small positive association be-
tween problem response time and problem accuracy (r =
.06, p < .001, n = 7160), on average participants spent one
minute per problem, suggesting that most participants were
not immediately guessing upon presentation of the prob-
lem (see supplemental materials https://osf.io/f2jqx/). Un-
fortunately, these data are not sufficiently rich to distinguish
between the second and third possibilities, and future re-
search should address whether partisan-consistent respond-
ing is a result of intentionally providing the incorrect an-
swer, reliance on heuristic problem-solving strategies, or
both. Further, to definitively rule out the possibility that the
present results were due to the construction of the problems
with respect to heuristic responses strategies, future research
should ensure that all heuristic strategies that participants
may employ consistently lead to the same type of conclu-
sion, whether it be correct or incorrect.

Finally, comparisons between liberal, moderate, and con-
servative participants in the present study demonstrate that
the pattern of partisan-consistent responses appears greater
among liberal participants relative to conservative partici-
pants. One possibility is that, despite best efforts while con-
structing study materials, liberal participants simply found
the partisan-disconfirming items more threatening than con-
servative participants. An alternative is that, in our sample,
liberals were more strongly liberal than the conservatives
were conservative. Future research should take care to en-
sure that politically-charged topics are equivalently threat-
ening (and/or supportive) to participants across the political
spectrum.
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6 Conclusion

The present research found that when the correct answer
to an overtly political data interpretation problem discon-
firms one’s political beliefs, the probability of answering
correctly is likely to decrease. This was true for all types
of participants, regardless of their numerical ability or how
challenging it was to interpret the data presented to them.
Although being more numerate does result in an overall in-
crease in accuracy, more numerate individuals displayed the
same degree of response errors as their less numerate peers.
Whether people engaged in motivated reasoning or found it
challenging to decouple their prior beliefs about the world
from the data they were analyzing is unclear. However,
these results suggest that numerical ability may not be the
most relevant factor to consider when examining when and
to what extent peoples’ judgments and decisions will be in-
fluenced by partisan political views.
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