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Numeracy as a precursor to pro-social behavior: The imdact o
numeracy and presentation format on the cognitive mechmnis
underlying donation decisions

Stephan Dickett ~ JanetKleber  Ellen Peters  Paul Slovié

Abstract

Donation requests often convey numerical information altbe people in need. In two studies we investigated
the effects of numeracy and presentation format on the yidgraffective and cognitive mechanisms of donation
decisions. In Study 1, participants were presented witbrinhtion about a victim in need, either in a frequency format
or in a percentage format. In Study 2, we manipulated thetiiiggnility and number of target victims. Our results
demonstrate that donations of individuals lower in numgraere more susceptible to changes in numeric presentation
format than those higher in numeracy. Importantly, the dgidg mechanisms for donations differed by numeracy.
Whereas the mental image of the victim influenced donatiaisams of less numerate people only, the estimated
impact of a donation was positively correlated with donatmnounts for both more and less humerate individuals.
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1 Introduction aid project. However, comprehension and use of this in-
formation may differ depending on how it is presented

In reports of the effects of natural and man-made cataand who the potential donor is.

trophes (e.g., famines, floods, tsunamis, and wars), it is

common to encounter statistics about the number of hu- ]

man lives affected. For example, the earthquake in Haili-1 ~ Effects of presentation format on dona-

on January 1%, 2010 affected 3 million people, of which tion decisions

approximately 230,000 lost their lives (BBC, 2010) and ] ) . o

an estimated 200,000 families were left homeless (SaJg'e importance of how information about lives at risk is

the Children, 2010). Although it may be difficult to commumcateq has been hlghllg.hted py rec_ent research

truly comprehend the scope of such tragedies (Slovi@n People’s willingness to contribute financially to hu-

2007), numerical figures are typically used to convey th@anitarian causes. For example, an identified victim gen-

enormity of suffering. Humanitarian aid organization€rally has greater chances of being helped than a sta-

likewise use numerical information to communicate thdiStical victim (Jenni & Loewenstein, 1997; Schelling,

needs of the victims and to entice benefactors to make #968; Small & Loewenstein, 2003; Small, Loewenstein,

nancial contributions. The total number of lives affected® Slovic, 2007). Moreover, the identification of people

the estimated number of individuals that would benef#) need of help has stronger effects on charitable giving

from a donation, and the ratio between them can all g the identified victim is a single individual victim com-

important aspects in the decision to help. Potential donoRéréd to a group of victims (Kogut & Ritov, 2005b). Pre-

are expected to understand and use such numerical inf§gntation of a single victim vs. a group of victims may

mation when deciding whether to support a humanitaria@ter donation behavior partly because individual targets
are processed differently than group targets (Hamilton &
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Graham, 2011). These emotional responses as well as thation processing in health-related decisions, risk per-
general motivation to help seem to be influenced by theeption and risk communication (e.g., Fagerlin, Ubel,
way information is processed. For example, presentingmith, & Zikmund-Fisher, 2007; Keller, 2011; Lipkus
participants with a donation task after priming delibera& Peters, 2009; Lipkus, Samsa, & Rimer, 2001; Pe-
tion resulted in lower empathy and lower donations conters, Dieckmann, Dixon, Hibbard, & Mertz, 2007; Pe-
pared to priming affective reactions (Dickert, Sagara, &ers, et al., 2009; Peters, Hibbard, Slovic, & Dieckmann,
Slovic, 2011; Small et al., 2007). In addition to process2007). In these studies, higher numeracy is related to bet-
ing mode, empathic responses also seem to be relatedéo comprehension and integration of numerical informa-
the vividness, proximity and similarity of the donor to thetion, usually leading to more informed and therefore bet-
victim (Loewenstein & Small, 2007). Information is gen-ter decisions. Additionally, differential access to nuioer
erally more vivid when it is emotionally interesting, con-information might give rise to altered judgments regard-
crete, and psychologically close to the observer (Nisbeittg how effective a treatment or risk-reducing measure
& Ross, 1980). A theoretical approach focusing on thevould be.
vividness and concreteness of the mental images under-Highly numerate individuals also tend to be less in-
lying affective reactions could explain research findingfluenced by the way numerical information is presented
on effects of different presentation formats, such as thghereas less numerate generally benefit from an eas-
identifiability and singularity effects: Both the identdic jly accessible, ordered and more concrete representation
tion as well as presentation of a single victim (vs. vicof the information (e.g., Galesic, Garcia-Retamero, &
tim group) result in more coherent mental images, whiclBigerenzer, 2009; Peters, Dieckmann, et al., 2007). How-
then lead to stronger affective reactions and higher d@ver, some research points to the possibility that this is
nations (Kogut & Ritov, 2005a; Loewenstein & Small, not always the case. In more difficult numeric tasks, risk
2007, Vastfjall, Peters, & Slovic, 2008). perception (Keller & Siegrist, 2009) and probabilisticrea
Presentation modes that enhance the generation sining (Chapman & Liu, 2009) vary by presentation for-
mental images could, therefore, be conducive to elicitnat even for highly numerate individuals. Chapman and
ing donations. For example, describing the number of af-ju (2009) found that presenting highly numerate partic-
fected victims in a frequency format (e.g., 10 out of 100jpants with a Bayesian reasoning task in a frequency for-
might foster more concrete mental images than a probarat resulted in better performance relative to a probabil-
bility format (e.g., 10% out of 100; Slovic, Finucane, Peity format. Less numerate participants’ performance im-
ters, & MacGregor, 2002). Additionally, people exhibitproved in the frequency format as well, but to a lesser de-
insensitivity to changes in victim number when the numgree. Thus, whether presentation formats influence per-
ber grows large (i.e., psychophysical numbing; Fetheformance of more or less numerate individuals seems to
stonhaugh, Slovic, Johnson, & Friedrich, 1997; Fredericke task dependent.
& Fischhoff, 1998; Friedrich et al., 1999; Slovic, 2007; The use of presentation formats that incorporate non-
see also Baron, 1997). This could be a result of less cleg{imerical information could further influence informa-
mental images as it is very difficult (if not impossible) totion processing differently for more and less numerate
mentally process large groups of people to the same dgrjividuals. Dieckmann, Slovic and Peters (2009), for
gree of detail as one is able to do with just a single indiexample, examined risk perceptions of terrorist forecasts
vidual. In addition to differences in presentation modesand found that information was differentially processed
hOWeVer, When information about ViCtimS iS presented iﬂepending on numeracy_ Whereas h|gh|y numerate indi_
numerical form, differences in numeric ability (i.e., nu-yiduals focused more on the stated likelihood of a terror-
meracy) between individual donors could result in differjst attack, those lower in numeracy were more influenced
ent mental images underlying emotions and donations. by narrative evidence and presumably by a more coher-
ent causal mental representation that they formed from
1.2 Influence of numeracy on information the narr_ative. This evid_ence s_uggests a different use of
processing mentalllmages underlying choices that is dependent on
people’s numeracy.
The ability to understand and use numeric concepts to It may also be that the effects of presentation modes
perform rudimentary mathematical operations, comparbat enhance the generation of mental images from num-
magnitudes, and comprehend ratio concepts (includirzers (e.g., victim numbers, average contributions, etc.)
fractions, proportions, percentages, and probabiliies) depend on numeracy. The study by Dieckmann and col-
conceptualized as numeric ability or “numeracy” (Peleagues (2009) suggests that less numerate individuals
ters et al., 2006; Reyna & Brainerd, 2008; Reyna, Nelmay build a more coherent mental image of the situ-
son, Han, & Dieckmann, 2009). Recent research haion from narrative information, thus promoting more
primarily investigated the effects of numeracy on inforconcrete information processing and likely resulting in
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stronger affective reactions (Slovic et al., 2002, 2004grams and the perception of help needed (Baron, 1997;
Because presentation formats also differ in their eliciFetherstonhaugh et al., 1997; Slovic, 2007). We derived
tation of mental images (e.g., frequencies vs. percenfie following hypotheses concerning presentation format
ages), the effect of presentation formats on donatiorand its possible differential effects based on numeracy on
may be moderated by numeracy. In fact, risk percemonation decisions and their underlying mechanisms:
tions appear to differ by number format and numeracy. (H1) Presenting the victim in a relative frequency for-
Individuals lower in numeracy perceived greater danganat should lead to higher donations than a probability
from a mental patient when his potential dangerousne&srmat particularly for less numerate individuals who are
was described in a frequency versus a probability formahore susceptible to changes in presentation formats.
whereas format made little difference to those higher in (H2) Furthermore, we expect that lower numeracy
numeracy (Peters et al., 2006; see also Peters, Hart,should lead to more concrete imagery (Dieckmann et al.,
Fraenkel, 2011, for a medical example). Given thesk009; Peters et al., 2006) of the victim.

results, one would expect that the effects of presenta- (H3) Finally, affective reactions to the victims are hy-
tion format (e.g., frequency vs. percentage) on donatioqmothesized to be related to the mental image of the victim
would be stronger for less numerate individuals. Differ{Slovic, 2007). More concrete images should increase af-
ences in risk perception and judgments could, howevegctive reactions and therefore lead to higher donations.
not only be the result of highly numerate individuals hav-

ing a clearer grasp and wider array of numerical inforz'l Method

mation available. Instead, we propose that more and less

numerate individuals recruit different processes based @11.1 Participants and design

mental imagery to arrive at their decisions. - 0 o ]
In the current paper, two studies investigated the e _Dtaota_l g f41t7oét)lf ag:f:ﬁ?m: s(tt Zj/o Jvehr::ilﬂsa?gj 23'?(’))“_
fects of presentation formats (of the numeric informatiory,_29¢™ = ) P Y PP

- . mately 15 minutes and was included in a one hour experi-
about victims) and numeracy on the mechanisms under-

; . - . mental battery with unrelated study materials. They were
lying donation decisions (e.g., mental images). In Stud aid 12 Euros (approximately $15.66) as compensation
1, we examine the effects of frequency vs. probabilit¥ ' u pproxi y ' P :

7 . . e or their time.
format; in St_udy 2, we manipulate the identifiability and We manipulated the format of the presentation of the
number of victims.

victim in a frequency or a probability format. We further
assessed participants’ ability to transform frequency in-

2 Study 1—Frequency VS. probabil- formation into probabilistic information (and vice versa)
. with a numeracy measure. The primary dependent vari-
|ty able was participants’ willingness to donate money to the

victim. Additionally, we measured participants’ affeativ
Study 1 was designed to examine whether numeracy ifeactions and mental images of the victim.

fluences the mechanisms underlying donation decisions

When_presentation formats are varied._ The donati_on ta§l§1'2 Materials and procedure
used in the current study employed either a relative fre-
guency or a probabilistic presentation format of the numAt the beginning of the study, participants were asked to
ber of donation recipients while simultaneously presentmagine that they could contribute to a humanitarian aid
ing the information about the total number of victims inorganization with the aim of reducing hunger in Africa
need (i.e., the reference group: 1 out of 100 or 1% owmong poor children in danger of starvation. Their dona-

of 100). Note that only the presentation format change#on would always go to one child out of a group of 100
while the numeric information was identical. Researclehildren; however, in the frequency condition the target
has shown that numeracy changes the perception of r@hild was presented as “one out of 100", whereas in the
tios of numerators (1) and denominators (100) with lesprobability condition it was presented as “one percent out
numerate individuals confusing part-whole relations andf 100”. All other information about the victim was iden-
giving greater weight to the numerator and underweightical in both conditions. After reading the description of

ing the denominator (Peters, Slovic, Vastfjall, & Mertz, the victims’ situation, participants indicated their wvit)-

2008; Peters et al., 2006; Reyna et al., 2009). In donaess to donate (assessed as an open-ended question). On
tion decisions, one might take the size of the reference separate page, affective reactions (adapted from Dick-
group into account in order to gauge the extent of the suért, 2008; Dickert et al., 2011; Kogut & Ritov, 2005a,
fering as well as the relative effectiveness of a donatior2005b) were rated on a scale from 1 (don’t agree at all)
Thus, considering the size of the reference group has been7 (completely agree). Specifically, these emotions in-
found to influence the evaluation of humanitarian aid proeluded participants’ sympathy, compassion, worry, sad-
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less than 7% of the data) and log-transformed to reduce

Figure 1. Log-trar!sformed donation amounts by numeékewnesé. The affective reactions were combined into
acy and presentation format.

one affect scale (Cronbach's= .85), and participants’

S mental image ratings were aggregated into a mental im-
B Percent age scale (Cronbachis=.69). All independentvariables
Q| O Frequency : .
o were mean-centered prior to analysis.
T & _
= 2.2.2 Effect of numeracy and presentation format on
c .
3 2 donations.
£
g 0 | Hypothesis 1 was tested with an analysis of variance
g - (ANOVA) with presentation format (frequency vs. per-
8 o | centage) and numeracy (lower vs. higher) as independent
variables and donation amounts as the dependent vari-
0 | able. As expected, donations were a little higher in the
° frequency presentation formal(= 2.82,SD= 1.53) than
9 in the probability presentation formati(= 2.34,SD =

1.67),F(1, 170) = 2.94p = .088,7,2 = .02. Additionally,
highly numerate individuals indicated that they would do-
nate lessl = 2.19,SD = 1.57) than those lower in nu-

ness in regard to the victim, how much better participanﬂ%‘er""‘cg_VI = 22-86' SD=1.60),F(1, 170) = 7.91p <
would feel if they donated, anticipated regret if they di¢9L:7p* = -047 The hypothesized interaction testing for
not donate, whether the victim deserves help in the vieffferential effects of presentation format depending on

of the participant, and the perceived moral obligation t§UmMeracy was also significarfi(1, 170) = 4.30p = .04,
help. np? = .03. Further analyses revealed that presentation for-

Additionally, participants’ mental image of the victim mat influepced donations oply for those lower in.num.er—
was assessed on the same scale as above with two st&{e. (see Fl_ggre 1). As predicted, less nl_Jmerate individu-
ments: “When | put myself in the position of this Oneals were willing to donate more money in the f_rgquency
child (1% of the children), | can imagine its environ-formatM =3.32,SD=1.31) than in the probability for-

ment” and “When I picture this one child (1% of theMat M =2.41,SD=1.73),1(99) = 2.86,p < .01,d =
children), I can construct a clear and coherent impre&:59- In contrast, among those higher in numeracy, dona-
sion”. Finally, numeracy was measured with a 15-iten§On @mounts did not depend on presentation forma(
questionnaire used by Peters, Dieckmann and colleagued > SP= 1.56 andvl = 2.24,SD = 1.60 for frequency
(2007). This questionnaire consists of items that requil%nd probability presentftlon formats, respectivetf)1)
participants to compare and translate frequency informa-0-23:p = .82,d = 0.06:

tion into probabilities (and vice versa), and includes such

questions as “if the chances of winning a lottery prize arg 2.3 Effect of numeracy and presentation format on
1%, how many of 1000 people would you expect to win mental images

a prize?” and “if the chance of getting a viral infection is

0.0005, how many out of 10,000 people are expected ¥ye conducted a similar ANOVA to test whether partic-
get infected?”. ipants’ mental images of the victim were dependent on

presentation format and numerical ability (H2). Highly

Lower numeracy Higher numeracy

2.2 Results and discussion 1Before transformationz(skew) = 33.74p < .01; after transforma-
tion: z(skew) =—2.65,p < .02).
2.2.1 Preliminary data analysis 2The proportion of participants who were willing to donatgthing

at all did not depend on the condition (frequency = 84% vscerar
Participants’ numeracy scores ranged between 6 (40%074%),x” (1, N = 174) = 3.16, p = .075, nor numeric ability (high

correct) and 15 (100% correct) and a median split w7 = 74% vs. low numeracy = 83%F, (1,N =174) = 2.18, p

used FO classify people into lower (from 6 to 125 101) 3A regression analysi$=(3,170) = 4.28p < .01, R? = .07) with nu-
and higher (from 13 to 151=73) numeracy (Peters et al., meracy as a continuous predictor supported the main effgcts 16,p

2006; see also MacCallum, Zhang, Preacher, & Rucket,03; ands = —.21,p < .01, for condition and numeracy, respectively).

e St : : :~_The interaction was no longer significarit £ —.08, p = .27), however
2002 for conditions Justlfylng median SplItS) due to Sig the relationship of numeracy and donations was signifigamgative

nificant skelw of the distributior.z(ske.w) =—4.71, p < inthe frequency formatq = -.30,p < .01), whereas this is not the case
.01. Donation amounts were winsorized on the high enidr the probability format § = -.13,p = .24).
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numerate individuals reported less clear and less coher-

ent mental images of the victinM(= 3.18,SD = 1.41)
compared to those lower in numeradyl € 4.07,SD =
1.61),F(1, 170) = 14.77p < .01, ny2 = .08, support-
ing the notion that higher numeracy corresponds to mo

abstract information processing. Participants reporte

clearer mental images in the frequency forniat£ 3.82,
SD=1.70) than in the probability formaM = 3.57,SD

= 1.47); however, this finding did not reach significance

F(1, 170) = 1.44p = .23. The interaction with numeracy
was also not significank < 1, p > .88. Accordingly, in
the present study mental images seem to depend more
numeracy than on the numeric presentation fortnat.

2.2.4 Mental images underlying affective reactions
and donations

By and donations 642
Figure 2: Mediation analyses for Study 1

Lower Numeracy Be=.18+/Bb = .05

Mental Donation

Image Amount

Affect

Mental Donation

Image Amount
Higher Numeracy Ba=.06/Bb=-.15

Ul

*»* p<.01,*p<.05

a Regression coefficients without the mediator (affective
reaction) as predictor

b Regression coefficients with mental image and affective
reaction as predictors

To examine whether the relation between mental images,
affective reactions and donation amounts is different fog,qling for the indirect effect, no additional diredt e

more and less numerate individuals, we conducted Sefict of mental images on donation amount remaingd (
arate mediation analyses for both groups. In this anal- .05, p >.54). According to these results, for individu-

ysis, we aggregated across presentation format becauge vith lower numeracy,

presentation format did not significantly influence men

clearer mental images were as-
Sociated with stronger affective reactions, which in turn

tal images and our primary interest was 10 investigalgere rejated to higher donation amounts (i.e., indirect-
whether the role of mental images in the construction Oénly mediation; Zhao et al., 2010). For highly numer-

donation amounts differs by numerical ability (see Fig

ate individuals, the pattern of results is seemingly simila

ure 2). We used Baron and Kenny's (1986) regressiofs yhis mediating effect of affective reactions is also sig-

approach, while taking the recent critique and modificas;ficant (95%
tions suggested by Zhao, Lynch, and Chen (2010) ang

ClI [.06, .42]). However, when controlling
r the mediating effect of affective reactions, the direct

Preacher and Hayes (2008) into account. According t@act of mental images on donations was in the oppo-

Baron and Kenny (1986), the prerequisite for mediatio
analyses is a significant relationship between a predict

Yite direction of the indirect effect3(= —.15,p = .12).
While the indirect effect suggests that clearer mental im-

variable (i.e., mental images) and a criterion (i.e., donayyaq eyoked stronger affective reactions (which in turn
tions). However, recent approaches to mediation poife e associated with higher donations), the direct effect

out that this relationship is the “total effect” of the sum
of direct and indirect effects including the mediator (i.e.

affective reactions) and that mediation should be SOIeléfortantIy

of mental images tended to decrease donations for highly
numerate individuals (albeit not significantly). Most im-
the difference in direct effects for more vssles

established by the presence of an indirect effect (Preach&r . arate individuals was significant= 2.02,p < .05

& Hayes, 2008; Zhao et al., 2010).

Using the bootstrapping technique advocated b
Preacher and Hayes (2008), our results demonstrated t
affective reactions significantly mediated the effect o
mental image on donation amounts (i.e., indirect effec
95% CI [.03, .24]) for less numerate individu&lsAfter

4A regression analysis with numeracy as a continuous variabl
(F(3,170) = 4.69,p < .01, R? = .08) confirmed that only numeracy
significantly predicted mental image8 € —.27, p < .001) and that
condition and the interaction did ng8 € .10,p = .20; ands = —.04,p
= .59, respectively).

5Confidence intervals are constructed fbralues, which are con-
sidered significant when zero is not included in the interfdle more
conservative Sobel test (Sobel, 1982, 1987) for indirdetcef showed
that the effect of mental images on donation amount throtgymdi-
rect effect via affective reactions was significant for bless and more
numerate individualsSobel test statistic 2.22,p = .03 andSobel test
statistic= 2.41,p = .02, respectively).
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suggesting that the role of mental images in donation de-
¥isions depends on numeracy.

halraken together, the results of Study 1 support the no-
fion that donation amounts among less numerate individ-
tals were influenced by the presentation format whereas
individuals with higher numeracy were not influenced by
presentation format. Note, however, that we found this
result only when dichotomizing numeracy. Possibly the
effect of presentation formation was not linearly mod-
erated by numeracy. However, the main effects of nu-
meracy were independent of whether numeracy was di-
chotomized or continuous. Specifically, less numerate
individuals indicated that they would donate more, and
they reported a more concrete mental image of the vic-
tim. The effect of mental images on donation amounts
was straightforward for those lower in numeracy; clearer
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mental images were related to stronger affective reathe victim group (Gong & Baron, 2010; Hsee & Rotten-
tions, which in turn were associated with higher donastreich, 2004). Prior research has also demonstrated that
tions. The indirect mediation was also present for indinumerical information is less important (and used less ex-
viduals higher in numeracy; however the direct effect ofensively) by lower numerate individuals and that they are
mental images decreased their donation amounts relatirrere susceptible to changes in the presented format (e.g.,
to less numerate individuals. It should be noted that thBieckmann et al., 2009). These results, together with our
concreteness of the mental images was dependent ongsults from Study 1 on different mental images for high
on numeracy and not on the presentation formats that wes. low numeracy, suggest that an affect-rich presentation
used. Although frequency formats are likely more imformat (e.g., identification of victims) increases the will
agery provoking than probability formats (e.g., Slovic etngness to donate for single vs. groups of victims particu-
al., 2002), it is possible that our presentation format mdarly for individuals with lower numeracy. We tested this
nipulation was not strong enough to significantly influprediction in Study 2.
ence mental images. Nonetheless, it is of interest that Moreover, we sought to replicate our findings from
mental images were related to individual differences iStudy 1 regarding the different mechanisms underlying
numeracy, suggesting a propensity of low numerate ind@tonation decisions for more and less numerate individu-
viduals to engage in more concrete information procesads. In addition to mental images, we also assessed how
ing (Dieckmann et al., 2009). effective a donation was judged. Results from Study 1
However, neither the findings of mental imagery nosuggest that individuals higher in numeracy incorporate
the mediation analysis can fully account for the observeghore (numeric) information and possibly believe that a
interaction between numeracy and presentation format @onation saving only a small amount of lives is inef-
participants’ intention to donate. Given that philanthcop fective. If this is the case, we would expect donation
acts are often dependent on a multitude of mechanismasnounts to be positively related to effectiveness judg-
working at the same time (Bekkers & Wiepking, 2007) ments for highly numerate individuals.
mental imagery is likely not the only predictor of dona- (H4) Consistent with prior research on donations (e.g.,
tions that differs by numeracy. Higher numeracy typiSmall & Loewenstein, 2003), we expected that identify-
cally leads to a more complete consideration and integrig the victims would lead to higher donations. Addi-
tion of numeric information (Peters, Dieckmann, et al.tionally, in line with Kogut and Ritov (2005a, 2005b), we
2007, Peters & Levin, 2008), which might highlight thepredicted that donations would be higher for one vs. five
total quantity of lives saved in our task as quite low andictims only when the victims were identified. We ex-
suggest that the help provided is not effective. As a repected that this pattern of results would be particularly
sult, the highly numerate may decrease their willingnesgsible for participants lower in numeracy.
to help (e.g., a “drop in the bucket” effect; Fetherston- (H5) We further expected to replicate results from
haugh et al., 1997). Study 2 will address this issue angtudy 1 with regard to lower numeracy leading to clearer
examine the relationship between clearer mental imaggsd more concrete mental images of the victim(s). Ad-
and effectiveness judgments and expand the present finfltionally, we hypothesized that the relationship between
ings by using a donation task with a slightly less subtlgnental image and donations would be mediated by affect
manipulation of presentation mode. for less numerate individuals and not for the highly nu-
merate.
T H6) Whereas donations from individuals lower in nu-
3 StUdy Z_Identlflablllty and mag- mérac)y should be positively related to their mental im-
nitude ages, donation amounts from individuals higher in nu-
meracy should be positively related to how effective a
Study 2 further examined the different processes undedtonation is judged to be.
lying donation decisions in relation to numeracy and pre-
sentation formats. We designed Study 2 to take prior re;
search on the effects of identifiability and victim numbe -1 Method
into account (Kogut & Ritov, 2005a, 2005b). Presentas 1 1 Participants and design
tion formats that increase affective responses (e.g.tilden
fying the victims) are likely to increase donations as wellParticipants il = 168;Mage = 23.9,SDyge = 5.1; 62% fe-
and particularly so for single victims vs. groups of vic-male) took part in this study, which was embedded in an
tims. The identification of victims produces an affect-richrexperimental battery with unrelated study materials last-
mental representation that may highlight one’s affectiveng approximately one hour. As in Study 1, on average,
response as a decision cue for helping while attenuatinmarticipants were compensated with 12 Euros for their ef-
the importance of numerical information about the size diort.
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In a 2 x 2 between-subjects design, we manipulateldigher vs. lower in numeracy. Individual affective reac-
the presentation format (identified vs. unidentified) antions were aggregated into a general affect scale (Cron-
the number of children who could be helped using a frebach’'sa = .85). All independent variables were mean-
guency format (1 vs. 5). The variables of interest includedentered prior to analysis.
willingness to donate, affective reactions, the mental rep

resentation of the victim, and the expected impact of thg.2.2  Effects of victim identification, number of vic-
donation. tims and numeracy on donations.

_ To test whether identifying the victims led to higher do-
3.1.2 Materials and procedure nations (H4), we conducted an ANOVA with victim iden-

The materials and procedure were similar to Study 1. V\}mcatlon (identified vs. unidentified), number of victims

presented participants with a donation task in which the one vs. five) ‘f.jmd numeracy (higher vs. Iower)-as fac-
: . rs and donation amount as the dependent variable. As
were asked to imagine that they could donate to a hy-

L 2 . . . othesized, participants were willing to donate more
manitarian organization that aids children in danger o yp P P 9

: . ._money when victims were identified(= 2.98,SD =
starvation (see Appendix for an example). Depend|n9_62) than when they were navi(= 2.44,SD = 1.82)

on the condition, participants could donate to either Onf(l, 160) = 4.27p = .04, 1% = .03. The main effects

or five children and were informed that they were par; - L
or number of victims and numeracy were not significant,

of a group of 100 similar children in need of help. In 5 . . . i
the identified condition, the one child or the five children[FS < 1,ps > 33" However, the predicted interaction be

. - ) . . ” een victim identification and victim number was sup-
were identified by pictures, whereas in the unldentlﬁed’v P

" orted by the datef (1, 160) = 3.31p = .07,n,2 = .02,
condition they were represented by a number (1 vs. (5? T : "
Apart from the manipulations, all other information an éplicating findings by Kogut and Ritov (2005a). Specif

measurements were identical in the four conditions. Alga”y’ when victims were identified, participants donated

. - L . . ore to one M = 3.22,SD = 1.69) than to five victims
in Study 1, participants indicated their donation amou _ _ .

: . =2.72,SD=1.52), whereas the opposite pattern was
with an open ended question, then on a separate page

ith scales for their affective reactions (i.e., sympath served for unidentified victimd = 2.15,SD= 1.84,
Wi . ! v cti I.€., sympat yandM = 2.74,SD = 1.78, for one and five victims, re-
compassion, worry, sadness, anticipated regret, victims

deservingness, obligation to help, and how much be%»_peqt}vely). Althoug_h the three-way interaction was not
LS . . significant,F < 1, p = .67, further analyses showed that
ter participants felt due to a donation) and mental ima

) . . . %fe two-way interaction between identifiability and num-
(i.e., coherence and cohesiveness of their impression o I L o .
ber of victims was significant only for participants with

the victim). Additionally, we measured the estimated im; wer numeracy scores(1, 108) = 3.88p = .05, 1? =

pact of the donation on a 7-point scale with the statemen 4 (for participants with higher numeracy scoress 1,

My donatlon_would t‘elp to improve the life O.f this child p > .40). None of the other interactions was significant,
(these five children).” At the end of the experimental batt 7

. Fs<1.1,ps>.30!
tery, numeracy was assessed using the same scale as in

Study 1. . . . .
3.2.3 Mental images underlying affective reactions

and donations.

3.2 Results and discussion We first asked whether the hypothesized effect of numer-

3.2.1 Preliminary data analyses acy on mental image (H5) could be replicated in Study 2.
We conducted an ANOVA with identifiability, number of
Prior to further analyses, we winsorized unusually highvictims, and numeracy as independent variables predict-
donation amounts (less than 7% of the distribution) anighg participants’ mental image. Consistent with Study
then log-transformed the winsorized donation amounts— , - " .
. _ The proportion of participants who were willing to donatgthing

to reduce skewness (before tranSformat'a(Skew) — at all was significantly higher in the identified victim cotidn (87%)
43.86,p < .001; after transformatiorgskew) =—1.20,p  than in the unidentified victim condition (74%)2 (1, N = 168) = 3.94,
=.23). In the one identified victim condition, five differ- p=.047. However, the proportion did not depend on whetheethvere
ent pictures of children were used. A one-way ANOVAC® (78%) or five victims (83%)? (1, N = 168) = 0.81p = .37, and

e g . . . also not on participants’ numeracy score (80% for both higth law
revealed no significant differences in donation amounig,merate individuals)? (1, N = 168) < 0.01p > .99.
across each of the five individual victimg,(4, 36) = 7A regression analysis=(7,160) = 1.69p = .11, R2 = .07) with nu-
1.96, p= .12; as a result, they were combined into onéneracy as a continuous predictor and all other variablesated simi-

; re P . : i vmif lar effects, such that only the main effect for identifitigis = .15,p =
identified victim condition. As in Study 1, due to signif .048) and the interaction between identifiability and sogpe —.16,p

icant Sk.ewnesg(SKGW) :—3-941p < _-001 in th_e NUMEr- - o4 significantly predicted donations. None of the ottftgots was
acy variable, we used a median split to classify people agnificant,3s < .09ps > .23
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Figure 3: Mediation analyses for Study 2 Table 1: Correlation matrix for less and more numerate

Lower Numeracy B2= 20" /B0 = .14 individuals.

y— 5 Donation Affect Mental Impact
enta onation .
Image Amount amount Image

Affect Less numerate

Donation 1
Mental Donation amount
Image Amount
I Affect 51 1
Higher Numeracy B2 =-.03/B=.01 Mental . o
** p<.01,*p<.05 image 29 32 1
# Regression coefficients without the mediator (affectiveimpact A0** 30%* 2% 1
reaction) as predictor
b Regression coefficients with mental image and affectivd/ore numerate
reaction as predictors Donation
amount 1
1, less numerate individuals rated their mental image aéffect A8 1
stronger Y1 = 3.53,SD = 1.78) than those higher in nu- Mental 03 08 1

meracy M = 2.96,SD= 1.53),F(1,160) = 3.55p=.06, image
1p? = .02. Additionally, mental images were clearer whenymnac¢ GO+ Rl _ 3Gx 1
victims were identified! = 3.71,SD= 1.70) than when
they were notl = 2.99,SD = 1.66),F(1,160) = 5.59, ** P<.01,*p<.05.

p < .02,my% = .03. No other effects were significaiffts

< 1, ps > .68% These results further support the notion _

that the mental image of the victims differs by numerl:09: -26] but no direct effectf = .14, p =.10) once the
acy. The fact that we found this result with substantiallydirect effect has been taken into account, replicating re
different presentation modes across the two studies Su%,_nts from Study f.Thereforez for less numerate part|C|- .
ports our contention that less numerate individuals tend fpnts, more concrete menta_ll Images were assomatgdlwnh
construct clearer and more concrete mental images of tﬁégher donation amount§ prlmarllly through the mediating
lives at risk, irrespective of how these lives are presenteaﬁeCt of _stronger affective reac_t|0r_1$. Conversely, there
In Study 2, the effect of victim identification on clearerWas no directf =.01,p =.94) or indirect effect (95% Cl
mental images was additive to the effect of numeracy, ag24 -13]) of mental images on donation amounts among
none of the interactions were significant. highly numerate individuals.

The impact of mental image on donations (and the me- According to these results, the effect of (concrete)
diating effect of affective reactions) was analyzed in segh€ntal images on donation amounts among the less nu-
arate mediation analyses for participants with higher arfgerate was r_ned|ate(_j by affective re_actlons_. !—hghly nu-
lower numeracy (see Figure 3). We used the same tec‘rr‘q_erate individuals d|g| not show this mediating effec'g
nique to test for indirect and direct mediation effects all Study 2. Correlational analyses revealed that their
in Study 1 (see Baron & Kenny, 1986; Preacher & Hayed|€SS concrete) mental images did not seem to be re-
2008: Zhao, Lynch, & Chen, 2010). A significant rela—lated to their donation amounts and aff_ectlve reactions
tionship between mental images and donation amoun(é_ee Table 1). Instead_, gnd as hypoth_eS|zed (H6), among
emerged for less numerate individuats€ .33,p < .01) highly numerate participants, Fjonatlo_n amounts were
whereas donation amounts for highly numerate individ?1°"® strongly related to the estlma_ted impact of a _dona-
uals were not associated with mental imagés: (.08, tion (r =.59) rather than the mental image of the .V|c§rr.n (

p = .58). Based on Preacher and Hayes’ (2008) medig_—.OS)_,z=_3.14,p < .'Ol' Amon_g less numerate |_n_d|V|d—
tion technique, for less numerate individuals, we found yals, this difference in correlations was not significant,

positive indirect effect of the affective reactions, 95% CI” 1.01,.p = .32. Adplitional!y, the relationship between.
mental images and impact judgments reversed depending

8Results of regression analysB(7,160) = 1.67p=.12,R2 =.07) 0N numeracyz = 3.52,p < .001. Whereas clearer men-
with numeracy as a continuous predictor confirmed the ANCa&ults.

The main effect of numeracy3(= —.14, p = .07) and identifiability @ 9Using the more conservative Sobel test produced similarltees
=.20,p < .01) predicted mental images. None of the other effects wa&Sobel test statistic 2.98, p < .01 andSobel test statistic —0.56,
significant,3s < .04,ps > .64 p > .57, for indirect effects of low and high numeracy, respedty).
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tal images correlated positively with impact judgments
for individuals lower in numeracy, those with higher nu-
meracy scores had a negative correlation between men
images and impact judgments. _
. . . Mental Donation
The finding that clearer mental images are related { image Amount
negative impact judgments for high numerate individual
suggests that the mental images are qualitatively diffe
ent depending on numerical skill. For example, the mer

Figure 4: Combined mediation analyses

Lower Numeracy a= 25" /@b =11+

Affect

tal images of individuals with lower numeracy may be Mental Donation
constructed such that they relate to aspects of the victiL ™% Amount
that are affectively arousing whereas images of individc __—

. R Higher Numeracy B2 <.01/BP=-.07
als with higher numeracy may be related more to the nu-
9 y may Y < 01,*p<.05

meric aspects that signal the hopelessness of the situatigrh i ficients without th diat Hect
Imagining the victims and their situation could focus the egression coetiicients without the mediator (affective
action) as predictor

attention of the higher numerate individuals on the sma{ﬁ

proportion being helped and therefore reduce the iI,np‘,jmﬁegressmn coefficients with mental image and affective

judgments. These results are consistent with prior findeactionas predictors

ings of highly numerate individuals drawing more affec-

tive meaning from numbers (Peters et al., 2006) and fufipn petween mental imagery and donations through af-
ther buttress the notion that the role of mental images izct among highly numerate individuals. A moderated
donation decisions depends on people’s numeracy. Dongediation (Preacher, Rucker, & Hayes, 2007) supported
tion amounts among the highly numerate were not relateflis difference with an almost significant interaction be-
to their mental images but rather were associated with thgeen mental image and numerabys —.18,p = .076.
estimated impact of the donation. _ The interaction suggests that the indirect effect of mental
These findings are noteworthy since, in the curreniage on donations through affect was stronger for less

study, we did not observe mean donation amounts to dgumerate individuals than for highly numerate individu-
pend on numeracy. Yet, factors believed to be relevant igs.

the construction of the donation amount appear to depend

on numeracy, as mental images (and their relation to the

associated affective responses) of the underlying dond- General discussion

tions were different for more and less numerate individ-

uals. Central to this difference is that a clearer picture dbonation requests typically confront people with numer-

the victims was associated with greater impact judgmenisal information related to the need of others. Whether it

of a donation among less numerate individuals, where@sthe number of victims of a natural disaster, a proportion

individuals with higher numeracy reported lower impacbf lives affected by a disease, or the number of individu-

judgments when they had clearer mental images of thgs penefiting from a specific charitable cause, this kind

victims. of information is conveyed with numbers. People’s abil-
ity to comprehend those numbers and derive meaningful

3.2.4 Combined mediation analysis interpretations from them likely influences their decision
to help. We conducted two studies to examine the joint

Recall that we found somewhat inconsistent results coksfiuence of numeracy and presentation format on peo-
cerning the indirect effect of mental imagery on donatiori;)'e,S willingness to donate money to a charitable cause

amounts for highly numerate individuals in Studies 1 angnd on the processes underlying these donations

2 (|.e.-, present in Study 1 and absent in Study 2). We Recent investigations of the underlying mechanisms of
combined our data to increase power and conducted the

mediation analysis with all 342 participants (see Figur ro-soc_|al behavior have stressed Fhe_ role of affect an(IJI
4). Results revealed that the indirect effect was signiim_ental imagery (e.g., Batson, 19_90’ Dickert et al., 2911'
icant for less numerate individuals (95% CI [.07, .22]) Dickert & Slovic, 2009; Kogut & Ritov, 2005a, b; Slovic,
whereas the direct effect was marginally significafit ( 2007; Small et al., 2007). Our results extend this research
= .11,p = .08). For highly numerate individuals, nei- Py showing that the propensity to engage in mental im-
ther the direct,6 = —.07,p = .38) nor the indirect effect agery and to use it in donation decisions depends on nu-
(95% ClI [-.05, .21]) of mental images on donations wagneracy. Those lower in numeracy formed a clearer men-
significant. Therefore, when taking both studies into adal representation of the victim(s) in both studies (con-
count, we found no evidence for mediation of the relasistent with Dieckmann et al., 2009) and a stronger re-
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lationship between the mental image and affective read.1  Implications, limitations, and future re-
tions in Study 2. Moreover, results showed that the ef- search

fect of the mental image on donations among the less nu- o . o
merate was mediated by affective responses that seenfedl conceptualization of mental imagery and its differ-
to spring from the mental image as theorized by sloviéntial influence for more and less numerate individuals’
(2007). Higher numeracy, on the other hand, was relatd¥lingness to donate could potentially be applied to a
to a less clear mental image of the people in need al@"9¢ of other decision m"f‘k'n,g domaln_s. It sh(_)ul_d be
a diminished relationship between the mental image a ted, however, that engaging in mental imagery is likely

mental imagery concerning the victims, these affect|v91g differences in mental representations of other people

reactions nonetheless were associated with donationsig;pneed and whether changes in presentation format and

the same degree as for less numerate individuals. Basg@merical ability affect charitable giving. As victims of
on previous studies, we suspect that highly numerate igatastrophes are typically presented in numerical format,
dividuals formed affective reactions from the magnitudgve were interested in whether numeracy might influence
of the numbers or number comparisons (e.g., Peters, the construction of donation amounts. Future research
press; Peters et al., 2006). Furthermore, findings fromould expand on these findings and include more general
Study 2 suggested that, among highly numerate individneasurements of the propensity to form mental images
uals, the willingness to help also depended more on th@ a variety of contexts (e.g., Childers, Houston, & Heck-
estimated impact of a donation than the mental image dgr, 1985). Additionally, it would be interesting to test
tached to the victim(s). the effects of other personality factors associated with th
concreteness of mental representations and its relation to

Consistent with research on the effects of numeracy, . . )
Oqwlng (e.g., construal orientations).

and presentation formats on risk perceptions and medi- ) . .
In our studies we assessed affective reactions, men-

cal decision making (e.g., Dieckmann et al., 2009; Peters. . : i ;
. al images, and the estimated impact of donations af-
et al., 2006; Peters et al., 2011), our results suggest tha . . ) - .
i . er confronting people with the donation decision. It is
less numerate participants were susceptible to changes

. ) T Bssible that experienced affect can influence the per-
presentation format whereas highly numerate individuals,;, o physical distance to the victim and the propen-

were relatively unaffected. In Study 1, based on a m&gjry o engage in more concrete mental representations
dian split, less numerate individuals donated more MoNgY/an Boven, Kane, McGraw, & Dale, 2010). Similarly,
when the victim was presented in a frequency format (i.ej is conceivable that donation decisions influence affec-
one out of 100) compared to a percentage format (onw&e reactions. However, based on the primacy-of-affect
percent of 100). In Study 2, only less numerate individuargument (e.g., Slovic et al., 2002; Zajonc, 1980), we
als’ donations were influenced by both victim identifica-maintain that affective reactions as well as mental images
tion and changes in victim number. (Slovic, 2007) can precede donation decisions; in fact,

Whereas previous research has mainly focused on tiickertand Slovic (2009) demonstrated that the ease with

different sources of information that individuals higherVhich mentalimages are formed influences sympathy re-

vs. lower in numeracy have at their disposal, our result?roor',Ses to victims in negd.
suggest that the processes by which individuals arrive at Using other presentation formats could further extend

a decision differs by numeric skill. Thus, more and lesQ4' studleg. Donatloq S|tgat|ons n which the gist of
the numerical information is opposite for frequency vs.

numerate individuals initially may have the same infor- . o
. . . . . probability formats would allow generalizing the effects
mation available, but they process that information dif2 ; " N . . .
f | d ulti | q i inf of numerical ability to situations in which comparative
_erenty andu t'm"_’ue y access and use di erenF n Orma}hdgments between different charitable causes have to be
tion. In our donation tasks, it is possible that highly nui,, 5 qe (e.g., Pacini & Epstein, 1999; Peters et al., 2006:
merate individuals did have access to number transformgeyna & Brainerd. 2008: Re);na ot al. 2009). Addition-
tions that support concrete mental images (which woulgly, the effects of increasing the number of charitable or-
be consistent with other research), but instead used danizations within a donation request (Soyer & Hogarth,
ferent decision cues in their donation decisions. Noneth@011) or volunteers (Carroll, White, & Pahl, 2011) might

less, our results point towards the possibility that greatelso relate to numeracy.

numeracy skills may be related to information processing Finally, we acknowledge that the effects of numeri-
with less concrete mental imagery as a default comparedl ability on willingness to donate probably do not su-
to those with lower numeracy skills. persede other relevant factors that influence charitable
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giving. Naturally, for example, differences in abstrac- Making, 4 297-306.
tion and numerical presentations of victim statistics mapieckmann, N. F., Slovic, P., & Peters, E. M. (2009). The
be less important when financial constraints are present.use of narrative evidence and explicit likelihood by de-
Nonetheless, as information about people in need is oftencision makers varying in numeradgisk Analysis, 29
displayed in numerical format, we believe that a compre- 1473-1488.
hensive picture of the underlying processes of donatioRagerlin, A., Ubel, P. A., Smith, D. M., & Zikmund-
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