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Abstract. Business managers and policymakers must often communicate magnitudes. Yet 
conveying large relative magnitudes without desensitizing people to further increases can 
be challenging because of diminishing sensitivity to large numbers. In this research, we 
propose that percentage expressions not only make large relative magnitudes (e.g., 500%) 
appear larger than equivalent non-percentage expressions but also make large increases in 
relative magnitudes (e.g., from 500% to 600%) appear larger. We posit an explanation: percen
tages typically have values between 0% and 100%, so when percentages and percentage-point 
differences reach 100% or more, they seem unusually large. This hypothesis is supported by 
data scraped from New York Times articles and a series of online experiments employing both 
management-relevant scenarios and incentive-compatible decisions. Existing theories of mag
nitude perception either cannot predict all the results of these studies (e.g., numerosity and 
unitosity) or need further specification to do so (e.g., decision-by-sampling and range- 
frequency theory). We discuss implications for the theory of magnitude and difference per
ception and the practice of communicating large magnitudes and changes.
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2022.02646. 

Keywords: marketing • numerical cognition • magnitude perception • judgment and decision making

Many important real-life circumstances necessitate 
using numbers to communicate magnitudes. However, 
conveying large relative magnitudes without desensi
tizing people to further changes can be challenging, 
especially when people exhibit diminishing sensitivity 
as numbers increase (Fechner 1966, Dehaene 2003). In 
this research, we propose that percentages can help con
vey large increases both compellingly and discrimina
bly compared with equivalent multipliers or absolute 
numbers. For example, if a quantity starts at 100, a 
change to “500% of the original” feels larger than a 
change either to “five times the original” or to “500.” 
Additionally, 500% and 600% also feel more different 
from each other than five and six times or 500 and 600.

People frequently use numbers to convey the magni
tude of important changes or differences. A government 
official might report an increase in virus cases to empha
size the severity of a disease outbreak. A cellphone net
work provider might emphasize an increase in data 
limits to promote a premium plan. A manager might 
highlight an increase in compensation to motivate 
employees to reach sales targets.

Although each of these communicators may want to 
make such magnitudes appear large, they may also 
wish to avoid rendering people insensitive to further 
changes. When reporting the increase in virus cases, the 
government official may not want to render citizens 
insensitive to further increases in the future. When 
emphasizing the better data allowance, the network 
provider may not want to render customers insensitive 
to the further benefits of more expensive plans. When 
highlighting the higher compensation, the manager 
may not want to render employees insensitive to the 
greater rewards for more ambitious targets.

Accommodating these goals can be challenging when 
people are known to exhibit diminishing sensitivity to 
large numbers. Yet it has important implications, espe
cially for high-stakes domains. For instance, consider 
domains such as public policy and philanthropy, where 
some initiatives are not simply more effective than com
parable opportunities but more than 100 times as effec
tive (Caviola et al. 2020). Ideally, these differences 
should be highlighted both compellingly and discri
minably. Addressing this challenge, we propose that 
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percentages can serve as a useful mode of communica
tion, making relative magnitudes and differences 
between them appear larger than alternative expres
sions. We posit that these phenomena occur because 
percentages typically have values between 0% and 
100%, making values or differences exceeding 100% 
seem unusually large.

Previous Research
Although extensive research has explored how people 
perceive information in percentages compared with 
other formats, it does not inform whether relative mag
nitudes and their differences are perceived as larger in 
percentage terms. First, much of this research is limited 
to price discounts and provides inconclusive evidence. 
Some studies have found that people are overall 
similarly responsive to price discounts framed in per
centage and dollar terms (Della Bitta et al. 1981, Krishna 
et al. 2002), and any differences are consistent with 
“numerosity” effects that we will discuss below (Chen 
et al. 1998, Weathers et al. 2012, González et al. 2016). 
Other studies have found that people are more respon
sive to proportional discounts than absolute discounts, 
but this behavior arises even without discounts being 
presented in percentage format (Fechner 1966, Krishna 
et al. 2002, Bartels 2006). Second, research extending 
beyond price discounts often lacks clear implications for 
magnitude perceptions. Some such research applies 
only to communicating probabilities, finding that fram
ing them as percentages can lead to misunderstandings 
and exacerbate bias (Malenka et al. 1993, Gigerenzer 
and Hoffrage 1995). Other research applies to judging 
multiple changes together, finding that percentage for
mats can complicate calculations and hinder some men
tal accounting strategies (Heath et al. 1995). Although 
these findings are important in the relevant contexts, 
they do not provide clear predictions on whether per
centages make the quantities appear larger. Finally, this 
research largely considers percentages below 100%. 
Therefore, previous research does not provide conclu
sive evidence that any given format consistently 
amplifies perceived magnitudes, particularly for rela
tive magnitudes and their differences that are 100% 
or more.

Still, there are research streams on numeric percep
tions more generally that do make relevant predictions, 
albeit predictions that often diverge. We outline below 
three such research streams.

Numerosity. One stream of research that can make pre
dictions about percentages, at least compared with mul
tipliers, is that on numerosity (Raghubir and Srivastava 
2002, Wertenbroch et al. 2007, Burson et al. 2009, Pande
laere et al. 2011, Schley et al. 2017). The basic principle is 
that numerosity serves as a cue for magnitude such that 
the same value feels bigger when represented with a 

larger number. This principle can explain many findings 
in the price-discount literature (Chen et al. 1998, Weath
ers et al. 2012, González et al. 2016). For example, a 5% 
discount off $20,000 seems smaller than a $1,000 dis
count, but a 50% discount off $0.02 seems larger than a 
$0.01 discount.

To analyze what this literature predicts about com
municating relative magnitudes and their differences, it 
is pertinent to compare percentages and multipliers, 
which are commonly used for such purposes. For exam
ple, when a quantity has increased from 100 to 500, a 
communicator may describe the new quantity as 500% 
of the old quantity or five times the old quantity. The lit
erature on numerosity predicts that such relative magni
tudes appear larger in terms of percentages than in 
terms of multipliers. Because the percentage involves a 
larger number than the multiplier, it would seem larger 
in magnitude.

This account also predicts that differences between rela
tive magnitudes would seem larger in percentage terms 
than multiplier terms as well. For instance, consider a 
quantity that starts at 100, increases to 500, and then fur
ther increases from 500 to 600. Percentages would 
describe this latter increase as going from 500% of the 
old quantity to 600% of the old quantity, whereas multi
pliers would describe it as going from five times the old 
quantity to six times the old quantity. Thus, percentages 
constitute an expanded scale relative to multipliers (i.e., 
obtained from multiplying multipliers by 100), whereas 
multipliers constitute a contracted scale (i.e., obtained 
from dividing percentages by 100). Consequently, 
according to numerosity, percentages would exaggerate 
the differences between 500 and 600 relative to multi
pliers (Burson et al. 2009).

Likewise, numerosity predicts that percentages will 
appear larger than equivalent multipliers, but it does 
not make such predictions about percentages and abso
lute numbers of equal numerosity. For example, when 
both 500% and 500 represent the same value, neither 
scale constitutes an expanded or a contracted version of 
the other. In this case, numerosity would predict both 
expressions to appear equally large. Thus, one way to 
examine whether numerosity can fully explain the 
effects of percentages would be to compare expressions 
such as 500% and 500. If there still exists a difference, it 
would be reasonable to assume that the effects of per
centages extend beyond numerosity and likely involve 
an additional process.

Unitosity. Related to (yet often opposite from) numer
osity, unitosity also makes predictions regarding how 
people may perceive percentages and other expressions 
(Monga and Bagchi 2012). To illustrate the difference 
between numerosity and unitosity, consider a change 
expressed in bigger numbers but smaller units (e.g., 7 to 
21 days) and a change expressed in smaller numbers 
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but bigger units (e.g., 1 to 3 weeks). Numerosity sug
gests that the change in bigger numbers feels larger 
because the difference between “7 and 21” is larger than 
that between “1 and 3.” In contrast, unitosity suggests 
that the change in bigger units feels larger because a 
unit difference of one week is larger than that of one day 
(Monga and Bagchi 2012). Such phenomena can be 
driven by conversational norms (Grice 1967, Zhang and 
Schwarz 2012); people may presume that a communica
tor would use only large units to express a quantity if 
the quantity itself was large. In summary, unitosity sug
gests that people use the bigger unit as a cue of big
ger magnitudes.

Not surprisingly, compared with numerosity, unitos
ity would make the exact opposite predictions about 
percentages and multipliers. Specifically, between per
centages and multipliers (e.g., 500% vs. five times), per
centages have larger numbers (500) and smaller units 
(1%), whereas multipliers have smaller numbers (5) and 
larger units (one time, equivalent to 100%). Therefore, 
numerosity would predict percentages to appear larger, 
whereas unitosity would predict multipliers to appear 
larger instead.

However, it is not clear a priori what unitosity would 
predict about equally numerous percentages and abso
lute numbers (e.g., 500% of 100 vs. 500). On the one 
hand, the units 1 and 1% of 100 are of equal size. If peo
ple indeed perceive the units equally, then unitosity 
would predict no differences between these two expres
sions. On the other hand, despite their true equality, 
people might perceive one of these units as larger than 
the other. In this case, the direction of the prediction 
would depend on which unit people perceive as the 
larger one. For instance, consider the expressions 500% 
of 100 points and 500 points. If people perceive 1% as 
larger than 1 point, then unitosity predicts that 500% 
will appear larger than 500. In contrast, if people per
ceive 1% as smaller than 1 point, then unitosity predicts 
that 500% will appear smaller than 500 points. Given 
these predictions, one way to examine whether the 
effects of percentages extend beyond numerosity and 
unitosity is to identify a specific context where 1% feels 
smaller than one unit of the absolute number and com
pare large percentages and absolute numbers of the 
same numerosity (e.g., 500% and 500). If percentages 
still appear larger than equivalent absolute numbers, 
then the effect could not be fully explained by either 
numerosity or unitosity and is likely attributable to an 
additional process.

Decision-By-Sampling. Another relevant yet distinct 
stream of research concerns decision-by-sampling. Deci
sion-by-sampling suggests that people evaluate the 
magnitude of a value based on its relative rank within a 
“decision sample,” that is, a set of relevant comparators 
that the decision maker draws from memory (Stewart 

et al. 2006). For example, a $100 gain may feel small 
because it has a lower rank within the decision sample 
of gains (e.g., recent income of more than $1,000), 
whereas an equivalent $100 loss may feel large because 
it has a higher rank within the decision sample of losses 
(e.g., recent expenditure of $10). In other words, this 
account suggests that a stimulus’s rank within a deci
sion sample serves as a cue for magnitude (e.g., if a 
value such as 500% corresponds to the 99th percentile 
within its decision sample, it would appear very large). 
For our purposes, decision-by-sampling makes the 
same predictions as the rank principle of range- 
frequency theory (Parducci 1965), because they both 
argue that people judge stimuli by their rank in some 
distribution of previously observed stimuli. The range 
principle of range-frequency theory makes slightly dif
ferent predictions, which we will address separately in 
the General Discussion.

Although decision-by-sampling might influence peo
ple’s perceptions of relative magnitudes, it remains 
unclear what this account predicts about percentages 
and other forms. This ambiguity arises from two key 
sources.

First, decision-by-sampling does not specify a priori 
what exactly constitutes the decision sample. On the one 
hand, the decision sample may remain constant whether 
relative magnitudes are expressed as percentages or 
not—because they represent otherwise equivalent 
values in identical contexts. In that case, decision-by- 
sampling would predict no differences between percent
age and non-percentage expressions. On the other hand, 
the decision sample may vary according to the scale, 
reflecting that percentage scales usually represent 
values between 0% and 100% and other scales do not. If 
so, decision-by-sampling would predict that large per
centages (e.g., 500%) would have higher ranks within 
their decision samples (e.g., a decision sample consisting 
mostly of values between 0% and 100%) and appear 
larger than equivalent multipliers (e.g., five times) or 
absolute numbers (e.g., 500).

Second, even if we assume that the decision sample 
varies according to the scale, decision-by-sampling does 
not necessarily clarify whether large percentage-point 
increases (e.g., from 500% to 600%) appear smaller or 
larger than equivalent increases in other formats (e.g., 
from 500 to 600 as absolute numbers). This comparison 
depends on whether people evaluate increases accord
ing to the difference between the ranks of the two 
values, r(b)-r(a), or according to the rank of the differ
ence between the two values r(b-a), where r denotes the 
function that determines the perceived magnitude 
based on rank, a denotes the value before the increase, 
and b denotes the value after the increase.

If people first assess ranks and then judge their differ
ence, that is, r(b)-r(a), a large increase might appear 
smaller when expressed as a percentage (e.g., from 500% 
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to 600%) compared with other formats (e.g., from 500 to 
600 as absolute numbers). This is because these percent
age values are already extremely large relative to their 
decision sample, resulting in minimal differences in 
their ranks. For instance, going from an IQ of 150 to 160 
would change one’s percentile rank by less than one 
percentage point because there are already very few 
people within this range—assuming a normal distribu
tion with a mean of 100 and a standard deviation of 15. 
However, going from an IQ of 100 to 110 would change 
one’s percentile rank by 25 percentage points because 
there are many people within this range. Analogously, 
an increase from 500% to 600% would yield a smaller 
difference in rank than the same increase expressed on 
most other scales, for example, an increase from 500 to 
600 as absolute numbers, causing the change to appear 
smaller when expressed as a percentage.

In contrast, if people first judge the difference and 
then assess its rank, that is, r(b-a), then a large increase 
might appear larger when expressed as a percentage 
(e.g., from 500% to 600%) compared with other formats 
(e.g., from 500 to 600). In that case, an increase from 
500% to 600% would be recoded as an increase of 100 
percentage points, whereas an increase from 500 to 600 
as absolute numbers would be recoded as an increase of 
100. If so, because 100 percentage points would again 
appear particularly large relative to typical percentage 
values, although 100 would not feel large relative to typ
ical absolute numbers, the change would appear larger 
in percentage terms.

Present Research
The present research aims to examine how people per
ceive large relative magnitudes and large increases in 
those magnitudes expressed as percentages versus on 
other scales. We find that large relative magnitudes and 
increases thereof appear particularly large in percentage 
terms. This means that communicators can use percen
tages to express large relative magnitudes both compel
lingly and discriminably.

We posit that these phenomena occur because people 
evaluate numeric magnitudes relative to the typical 
range of values on the corresponding scale. Percentages 
have a low typical range between 0% and 100%, 
whereas other numerical scales do not. Consequently, 
percentages such as 500% will be judged relative to 
such low typical values and hence seem larger, either 
because of direct contrast effects with those values 
(Frederick and Mochon 2012) or because of their indirect 
influence on a decision sample (Stewart et al. 2006). 
Thus, large percentages such as 500% will feel larger 
than equivalent multipliers such as five times and 
equivalent absolute numbers such as 500.

This amplification occurs with large increases in rela
tive magnitudes as well, such that they appear larger 
when expressed as percentages (e.g., an increase from 

500% to 600%) than in alternative terms (e.g., an increase 
from 500 to 600 as absolute numbers). Importantly, this 
suggests that people do not separately compare the 
starting and ending points of an increase each to the 
typical range—analogous to r(b)-r(a) in decision-by- 
sampling terms. Instead, they first judge the difference 
and then directly compare that difference to the typical 
range—analogous to r(b-a) in decision-by-sampling 
terms. For example, an increase from 500% and 600% 
would appear large because people first calculate the 
difference between the two values and then find that the 
resulting 100-percentage-point increase is large relative 
to the typical 0%�100% range for percentages. This 
sequence would align well with the evaluability litera
ture. People can easily recognize differences between 
two quantities when those quantities are viewed in joint 
evaluation (Hsee 1996). It is simple to compute by 
subtraction. However, because the difference itself is 
viewed in isolation without another difference to com
pare it to, it is hard to evaluate. People are thus more 
likely to evaluate it using the scale’s typical range of 
values as a benchmark.

To summarize, we offer two theoretical insights. First, 
people evaluate numeric magnitudes relative to the typ
ical range of values on the relevant scale. Second, when 
people evaluate changes in magnitudes, they subtract 
the magnitudes directly and then compare the resulting 
difference to a typical range (or, if the process is driven 
more by decision-by-sampling, the decision sample). 
These insights are not incompatible with other theories. 
All the existing theories we discuss could describe some 
people’s decision making, and decision-by-sampling 
could even be a mechanism through which a typical 
range has its influence. However, these insights do gen
erate unique predictions that cannot be fully explained 
by numerosity or unitosity and cannot be derived from 
decision-by-sampling without further specification. 
Below, we describe how the predictions diverge in 
detail.

Comparison with Numerosity. Numerosity makes 
some of the above predictions, but not all. Like with our 
account, numerosity would predict 500% to feel larger 
than five times and the increase from 500% to 600% to 
feel larger than that from five times to six times. How
ever, unlike our account, it would not predict 500% to 
feel different from the absolute number 500 nor an 
increase from 500% to 600% to feel different from an 
increase in the absolute number 500 to 600.

Comparison with Unitosity. Similar to numerosity, 
unitosity cannot explain all of our predictions, either. In 
fact, unitosity makes an opposite prediction to our 
account when comparing percentages with multipliers; 
as previously discussed, it would predict 500% to feel 
smaller than five times. For other comparisons, the 
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predictions of our account and unitosity might align. 
For example, if people perceived a unit of 1% as larger 
than a unit of 1 point, then unitosity would predict a 
change from 500% to 600% to feel greater than one from 
500 points to 600 points, just like our account. However, 
if people perceived a unit of 1% as smaller than a unit of 
1 point, then unitosity would predict a change from 
500% to 600% to feel smaller than a change from 500 
points to 600 points. In contrast, we predict that the 
change from 500% to 600% would still feel bigger in this 
case too. Thus, this prediction cleanly distinguishes our 
account from both numerosity and unitosity.

Comparison with Decision-By-Sampling. Our account 
is potentially complementary to decision-by-sampling 
because our account helps specify its predictions. In par
ticular, decision-by-sampling does not specify two fac
tors: (1) whether the decision sample remains constant 
or varies across different scales (although the original 
theorizing suggests that such factors might affect the 
decision sample people have in mind; see Stewart et al. 
2006) and (2) whether differences are perceived accord
ing to differences in ranks, that is, r(b)-r(a), or, alterna
tively, ranks of differences themselves, that is, r(b-a). We 
specify that the decision sample indeed varies as a func
tion of the scale used and that people evaluate differ
ences according to the rank of the difference itself (e.g., 
the rank of the 100-percentage-point difference between 
500% and 600%) rather than the difference between the 
ranks of the respective magnitudes (the difference 
between the rank of 500% and the rank of 600%). In 
summary, our account is agnostic as to whether people 
compare values directly to a typical range on the scale 
as in contrast effects (Frederick and Mochon 2012) or 
rank them in a decision sample influenced by that 
typical range as in decision-by-sampling (Stewart 
et al. 2006). Instead, we specify how the typical range 
influences perceptions both of relative magnitudes 
and increases thereof and, if applicable, how exactly 
decision-by-sampling might operate. The upshot is that 
both large relative magnitudes and large increases 
thereof appear larger in percentage terms.

Study Overview
To test our predictions, we conducted a series of studies. 
First, because our predictions rely on different typical 
ranges on different scales, we tested whether different 
scales indeed have different ranges of typical values. To 
do so, we examined the use of percentages and multi
pliers in news articles in Study 1. This analysis con
firmed that the typical range of percentages (which 
were mostly between 0% and 100%) is lower than that 
of multipliers (which were mostly above 1 or equiva
lently 100%). Second, we tested our prediction that 
percentages above 100% seem larger than equivalent 

absolute numbers (with the same numerosity and unit 
size). Study 2 supported the prediction in management- 
relevant scenarios, and Study 3 supported it in an 
incentive-compatible paradigm. These results do not 
follow from numerosity. Third, we tested our prediction 
that people are more sensitive to percentage-point 
increases when they are above the typical range on their 
scale, controlling for both numerosity and unitosity. We 
tested this prediction across Studies 4A and 4B. Study 
4A aimed to develop and validate the paradigm in 
which 1% of 100 points would feel smaller than 1 point. 
In this paradigm, we found that people indeed per
ceived 1% as smaller than 1 point, meaning that unitos
ity would predict 100-percentage-point increases to feel 
smaller than equivalent 100-point increases in this 
context—opposite to our account. Nonetheless, Study 
4B confirmed our account’s prediction that percentage- 
point increases would still feel larger than the same 
increases on a scale of points. In the Online Appendix, 
we also test our prediction that percentages above 100% 
feel larger than equivalent multipliers, a prediction that 
is shared with numerosity but conflicts with unitosity. 
Study S1 confirmed this prediction in management- 
relevant scenarios, Study S2 supported it in an 
incentive-compatible paradigm, Study S3 tested it for 
small and large values, and Study S4 examined it with 
judgments of charity effectiveness. All of these studies 
are preregistered, and the preregistrations, data, code, 
and materials are available at the following link: https:// 
researchbox.org/811.

Study 1: Typical Range for Percentages
In this study, we scraped articles from the New York 
Times Business category to examine the typical range for 
percentages, which we construe as the values that peo
ple commonly express as percentages. We predicted 
that the typical range for percentages would span from 
0% to 100%, thus representing generally smaller relative 
magnitudes compared with those expressed by other 
metrics. For comparative purposes, we opted to analyze 
the typical range for percentages alongside that of multi
pliers, another scale that is frequently used to express 
relative magnitudes and hence is comparable.

Methods
We preregistered to scrape approximately 80,000 arti
cles from the New York Times Business section. We 
selected this section for its broad applicability to general 
management over alternative sections focusing on spe
cific topics or industries such as “Money” or “Media.” 
We ceased data collection before conducting any analy
ses, having scraped all 87,494 articles published between 
January 1, 2010, and October 29, 2021. From these arti
cles, we identified a sample of observations in which the 

Klusowski and Lewis: When and Why Percentages Amplify Relative Magnitudes 
Management Science, Articles in Advance, pp. 1–14, © 2025 INFORMS 5 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

12
8.

12
2.

14
9.

96
] 

on
 2

4 
M

ar
ch

 2
02

5,
 a

t 2
0:

19
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://researchbox.org/811
https://researchbox.org/811


article conveyed a relative quantity as either a percent
age or a multiplier.

Importantly, we included phrases expressing both 
total quantities (e.g., “6 is 300% of 2”) and incremental 
differences (e.g., “6 is 200% greater than 2”). To identify 
total quantities expressed as percentages, we extracted 
all passages containing “X% of” and “X percent of,” 
where X is a numeric value. To identify total quantities 
expressed as multipliers, we extracted all passages con
taining “X times as great,” “X times as many”, “X times 
as much,”1 and “X times the.” In addition, to identify 
differences expressed as percentages, we extracted all 
passages containing “X% higher” or “X percent higher.” 
To identify differences expressed as multipliers, we 
extracted all passages containing “X times higher.” We 
had multiple hypothesis-blind research assistants check 
for incorrectly recorded observations that did not 
express relative quantities, for example, “Deliver burns 
as well as the person who streamed ‘Bad Liar’ 86 times 
the day Sean Spicer resigned.” We excluded eight obser
vations on this basis.

Results
Consistent with our assumption, most percentage 
values fell between 0% and 100%. As described in the 
later quantile regressions, the exact 5th and 95th percen
tiles were 2% and 95% for percentages indicating total 
quantities. In comparison, they were 2.2 times and 212.5 
times for multipliers indicating total quantities.

Following our preregistration, we constructed a 
dependent variable using the numerical values in the 
relevant phrases and translating them into total multi
pliers; for example, “300% of,” “200% higher,” “three 
times as great,” and “two times higher” would all be 3. 
Consistent with our prediction, we found that the per
centage values were overall smaller than the multiplier 
values for both total quantities (percentage: M � 0.41, SE 
� 0.00; multiplier: M � 42.96, SE � 4.11), t(33,708) �
�79.93, p < 0.001, d [95% CI] � �3.42 [�3.51, �3.33] and 
differences (Percentage: M � 1.28, SE � 0.01; Multiplier: 
M � 26.64, SE � 4.57), t(915) � �32.21, p < 0.001, d [95% 
CI] ��6.29 [�6.77, �5.81]. The result for total quantities 
was robust to excluding percentages that were 100% or 
lower and multipliers that were one time or lower, (per
centage: M � 1.89, SE � 0.05; multiplier: M � 43.19, SE �
4.13), t(1,044) � �9.43, p < 0.001, d [95% CI] � �0.58 
[�0.71, �0.46]. The result for differences was robust to 
subtracting 1 from all the multipliers to account for the 
possibility that the articles use “X times higher” to mean 
“X times as high” (percentage: M � 1.28, SE � 0.01; mul
tiplier: M � 25.64, SE � 4.57), t(915) ��30.94, p < 0.001, d 
[95% CI] ��6.04 [�6.52, �5.57].

Additionally, we extended our analyses beyond 
merely comparing the aggregate means of the percent
age and multiplier distributions. Following the supple
mental analysis plans outlined in our preregistration, 

we also conducted quantile regressions with boot
strapped standard errors to test whether percentages 
were smaller than multipliers at the 5th, 50th, and 95th 
percentiles of their respective distributions. For total 
quantities, we found that percentages were smaller than 
multipliers at the 5th percentile (percentage: 5th percen
tile � 0.02; multiplier: 5th percentile � 2.20, b � �2.17, SE 
� 0.27, t(33,708) ��8.10, p < 0.001), 50th percentile (per
centage: 50th percentile � 0.31; multiplier: 50th percentile 
� 13.00, b � �12.69, SE � 1.20, t(33,708) � �10.60, p <
0.001), and 95th percentile (percentage: 95th percentile �
0.95; multiplier: 95th percentile � 212.50, b � �249.05, SE 
� 54.67, t(33,708) ��4.56, p < 0.001). For differences, we 
did not find a significant effect at the 5th percentile (per
centage: 5th percentile � 1.01; multiplier: 5th percentile �
2.94, b � �1.69, SE � 2.03, t(915) � �0.83, p � 0.406), but 
we again found that percentages were smaller than mul
tipliers at the 50th percentile (percentage: 50th percentile 
� 1.17; multiplier: 50th percentile � 18.00, b � �16.84, SE 
� 6.69, t(915) � �2.52, p � 0.012), and 95th percentile 
(percentage: 95th percentile � 1.76; multiplier: 95th per
centile � 72.00, b ��79.24, SE � 21.97, t(915) ��3.61, p <
0.001). We have also made the full distributions avail
able in Figure 1.

These results were consistent with our prediction. 
The typical range for percentages spanned between 0% 
and 100%, whereas that for multipliers spanned 
between two times and 200 times, indicating that per
centages usually represent smaller values than multi
pliers. Having established these results, we next tested 
how people perceive magnitudes expressed as percen
tages and alternative scales.

Study 2: Effects of Percentages 
Beyond Numerosity
In Study 1, we established that percentages had smaller 
typical values than an alternative scale (e.g., 0% to 100% 
for percentages vs. two times to 200 times for multi
pliers). This asymmetry meant that, according to our 
hypotheses, percentages exceeding these typical per
centage values (e.g., 500%) would appear larger than 
equivalent multipliers not exceeding typical multiplier 
values (e.g., five times). Indeed, we found evidence of 
this in two studies comparing percentages and multi
pliers. One study used management-relevant scenarios, 
and the other study employed incentive-compatible 
decisions (see Studies S1 and S2 in the Online Appen
dix). However, these results were consistent with an 
alternative explanation. That is, research on numerosity 
would suggest that 500% may appear larger than five 
times because the nominal value of 500 is larger than 
that of 5 (Raghubir and Srivastava 2002, Wertenbroch 
et al. 2007, Burson et al. 2009, Pandelaere et al. 2011, 
Schley et al. 2017). Thus, we focus here on comparisons 
for which numerosity makes no prediction.
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Specifically, in Study 2, we aimed to examine the 
effects of percentages and alternative scales beyond 
numerosity. To accomplish this, we compared percen
tages (e.g., 500%) to absolute numbers (e.g., 500). In this 
design, the nominal values of the two expressions were 
identical, effectively addressing numerosity as an alter
native explanation. Therefore, any additional effects we 
found could not be attributed to numerosity. We 
hypothesized that percentages would still appear larger 
because they would exceed their typical values ranging 
from 0% to 100%, whereas absolute numbers would not 
entail such small typical values for comparison. We 
tested this using management-relevant stimuli describ
ing financial investments and credit cards.

Methods
Participants. We conducted Study 2 on MTurk. We 
preregistered to request 2,000 participants because we 
expected a small effect size given the subtle manipula
tion involving identical nominal values in percentages 
and absolute values (e.g., 500% vs. 500). We preregis
tered to exclude responses from participants whose par
ticipant ID appeared more than once in any complete or 

incomplete responses, who did not complete the entire 
survey, or whose work was not submitted to MTurk for 
payment. The final sample consisted of 1,994 partici
pants (on average 40 years old; 47% men, 52% women, 
and less than 1% other).

Procedures. At the beginning of the study, we asked 
all participants a comprehension question to ensure that 
they understood percentages. Specifically, we asked all 
participants, “What is 200% of 10?” We allowed parti
cipants to proceed only if they answered the ques
tion correctly.

After the comprehension questions, we randomly 
assigned participants to either the percentage or the 
absolute-number condition. All participants read and 
responded to two scenarios: one about an investment 
and the other about a credit card.

The investment option scenario for the percentage 
versus absolute-number condition read as follows [with 
manipulated text in square brackets]: “Imagine that the 
average earning on an investment that is comparable to 
yours has been $100 per share for the past 10 years. Also 
imagine that the average earning on your investment 

Figure 1. (Color online) Study 1: Histograms for Percentages and Multipliers for Both Increases and Totals 

Notes. The y-axes indicate the relative frequencies within the respective distributions. The x-axes indicate the corresponding 
percentage/multiplier values appearing in the text; for example, “200% higher,” “200% of,” “two times higher,” and “two times as much” are all 
coded as 2 (200%) in this histogram. The x-axes are truncated at 2 (200%) for percentages and 200 (20,000%) for multipliers; that is, compared to 
the x-axes for percentages (left), the x-axes for multipliers (right) cover 100 times (or 10,000% of) the range.
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has been [500% of the average earning on the compara
ble investment vs. $500 per share] for the past 10 years.” 
Then we asked participants three questions. The first 
question was, “How unusual or surprising do you think 
the magnitude of this difference is?” on a scale ranging 
from 0 (“Not at all unusual or surprising”) to 100 
(“More unusual or surprising than ever”) in increments 
of 5. This question aimed to capture psychological per
ceptions regarding the magnitude of the presented 
amount. The second and third questions were, “To 
what extent would you be interested in continuing to 
invest in this option?” on a scale ranging from 0 (“Not at 
all”) to 100 (“More than ever”) in increments of 5 and 
“What percentage of your investment budget would 
you allocate to this option?” on a scale ranging from 
0 (“0% of my investment”) to 100 (“100% of my 
investment”) in increments of 5%. These two questions 
aimed to assess behavioral intentions as downstream 
consequences.

Similarly, the credit card scenario for the percentage 
versus absolute-number condition read as follows [with 
manipulated text in square brackets]: “Imagine that 
your credit card company usually gives 100 points for 
every $100 you spend. Also imagine that your credit 
card company is offering to give [500% of the points 
they usually give vs. 500 points for every $100 you 
spend] this month.” Then we asked participants three 
questions. The first question was, “How unusual or sur
prising do you think the magnitude of this difference 
is?” on a scale ranging from 0 (“Not at all unusual or 
surprising”) to 100 (“More unusual or surprising than 
ever”) in increments of 5. This question intended to cap
ture psychological perceptions. The second and third 
questions were, “To what extent would you be inter
ested in using this credit card this month?” on a scale 
ranging from 0 (“Not at all”) to 100 (“More than ever”) 
in increments of 5 and “What percentage of your spend
ing this month would you allocate to this credit card?” 
on a scale ranging from 0 (“0% of my spending”) to 100 
(“100% of my spending”) in increments of 5%. These 
questions aimed to capture behavioral intentions.

Results
Following our preregistration, for each scenario, we 
averaged participants’ responses to the three questions 
into a composite measure of magnitude perception, 
which ranged from 0 to 100. This composite measure 
of magnitude perception served as the dependent vari
able. Also following our preregistration, we collapsed 
the two scenarios and analyzed them together to 
increase statistical power. Specifically, we conducted an 
Ordinary Least Squares (OLS) regression with variables 
indicating the percentage versus absolute-number con
dition (+0.5 vs. �0.5), the investment versus credit card 
scenario (+0.5 vs. �0.5), and their interaction. We also 
clustered standard errors per participant given that 

each participant responded to two scenarios. In this 
analysis, as expected, participants in the percentage con
dition reported greater magnitude perception than par
ticipants in the absolute-number condition (b � 4.03, 
t(3,984) � 5.27, p < 0.001).2

Additional exploratory analyses revealed that this 
result held in both the investment scenario (percentage: 
M � 72.20, SE � 0.57; absolute-number: M � 69.02, SE �
0.63, t(1,992) � 3.74, p < 0.001, d [95% CI] � 0.17 [0.08, 
0.26]) and the credit card scenario (percentage: M �
74.67, SE � 0.64; absolute-number: M � 69.78, SE � 0.70, 
t(1,992) � 5.15, p < 0.001, d [95% CI] � 0.23 [0.14, 0.32]). 
Moreover, these patterns remained robust even when 
we separately analyzed the first question capturing psy
chological perceptions and the average of the second 
and third questions assessing behavioral intentions. 
Specifically, in the investment scenario, participants 
reported perceiving percentages as more unusual (per
centage: M � 76.90, SE � 0.65; absolute-number: M �
72.54, SE � 0.70), t(1,992) � 4.56, p < 0.001, d [95% CI] �
0.20 [0.12, 0.29]) and being more willing to invest (per
centage: M � 69.85, SE � 0.65; absolute-number: M �
67.27, SE � 0.72), t(1,992) � 2.66, p � 0.008, d [95% CI] �
0.12 [0.03, 0.21]). Similarly, in the credit card scenario, 
participants reported perceiving percentages as more 
unusual (percentage: M � 74.89, SE � 0.68; absolute- 
number: M � 67.64, SE � 0.78), t(1,992) � 6.99, p < 0.001, 
d [95% CI] � 0.31 [0.22, 0.40]) and being more willing to 
use the credit card (percentage: M � 74.56, SE � 0.76; 
absolute-number: M � 70.85, SE � 0.81, t(1,992) � 3.35, p 
< 0.001, d [95% CI] � 0.15 [0.06, 0.24]).

In other words, expressing magnitudes as percen
tages made participants perceive them as larger and 
report that they would behave accordingly compared 
with expressing identical magnitudes as absolute num
bers. These results suggested that the effects of percen
tages on magnitude perceptions cannot be explained by 
numerosity. In Study 3, we conceptually replicated this 
result using an incentive-compatible paradigm.

Study 3: Effects of Percentages Beyond 
Numerosity (Incentive-Compatible)
In this study, we tested whether people perceived per
centages as larger than absolute numbers in an 
incentive-compatible lottery. We again hypothesized 
that expressing the payout of a lottery as a percentage 
would make it feel larger and hence increase people’s 
willingness to wager compared with expressing it as an 
absolute number.

Methods
Participants. We conducted Study 3 on MTurk. We 
preregistered to request 1,000 participants and to apply 
the same exclusion criteria as Study 2. The final sample 
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consisted of 995 participants (on average 43 years old; 
55% men, 45% women, and less than 1% other).

Procedures. As in earlier studies, it was critical that 
all participants understood percentages. Therefore, we 
asked all participants comprehension questions at the 
beginning (e.g., “What is 200% of $0.10?” and “What is 
200% of $0.50?”). We allowed participants to proceed 
only if they answered all questions correctly.

After the comprehension questions, we randomly 
assigned participants to either the percentage or the 
absolute-number condition. Next, we described a die- 
roll game to participants for the percentage versus 
absolute-number condition as follows [with manipu
lated text in square brackets]: “In this die roll game, you 
will start with 100 points. Each point is worth a cent. 
You can either keep all these points or bet all of these 
points. If you choose to keep all of these points, you will 
simply end up with the 100 points. If you choose to 
bet all of these points, the computer will roll a fair six- 
sided die. If the computer rolls a 1, you will end up with 
[600% of the points you bet vs. 600 points]. Otherwise, 
you will end up with no points.” Then, we asked partici
pants to make a binary choice between keeping and bet
ting all of their points. We incentivized their choices by 
informing them that 100 randomly selected participants 
will receive their points from this die-roll game as a 
bonus.

Results
Following our preregistration, we conducted a chi- 
squared test to compare the proportion of participants 
who chose to bet their points in the percentage versus 
absolute-number condition. As expected, even when 
both the percentage and the absolute number had the 
exact same nominal value (i.e., 600), participants who 
read that they would receive 600% of the 100 points they 
bet were more likely to bet their points than participants 
who read that they would receive 600 points (percentage: 
38% vs. absolute-number: 32%), X2(1) � 3.95, p � 0.047.

Although the binary nature of this dependent vari
able may have led to lower statistical power than earlier 
studies, these results overall still appeared consistent 
with our account, that is, expressing the payout of a 
lottery as a percentage seemed to increase people’s mag
nitude perceptions and hence willingness to wager, 
compared with expressing it as an absolute number. 
Again, these results could not have been predicted by 
numerosity.

However, two other explanations are still plausible. 
One is unitosity, which could explain why 600% feels 
larger than 600 under the assumption that one percent
age point feels larger than one unit of the absolute num
ber. This possibility can be ruled out if large percentages 
or percentage changes still feel larger than absolute num
bers in a specific context where one percentage point 

instead feels smaller than one unit of the absolute num
ber. The other is decision-by-sampling, which may be 
consistent with our results but does not predict a priori 
whether the decision sample remains constant or varies 
according to different scales, nor does it specify exactly 
how people evaluate differences in relative magnitudes. 
We explored these alternative accounts in the next 
studies.

Study 4: Effects of Percentages 
Beyond Unitosity
Study 4A: Pilot Study
In this study, we aimed to develop and validate stimuli 
to investigate the effects of percentages beyond unitos
ity. That is, we sought to identify management-relevant 
contexts where 1% feels smaller than one unit of an abso
lute number. As previously illustrated, in such cases, 
unitosity would predict percentages to feel smaller than 
absolute numbers even when they are above 100%, 
whereas we would still predict percentages to feel larger 
than absolute numbers. To ensure that 1% feels smaller 
than one unit of an absolute number, we designed 
scenarios where one unit of the absolute number holds 
significant value (e.g., 1 point equaling $10). We hypoth
esized that this would make one unit of the absolute 
number feel greater.

Methods
Participants. We conducted Study 4A on MTurk. We 
preregistered to request 400 participants and to apply 
the same exclusion criteria as Study 2. The final sample 
consisted of 396 participants (on average 40 years old; 
54% men, 45% women, and less than 1% other).

Procedures. As in preceding studies, it was critical that 
all participants comprehended percentages. Thus, we 
asked all participants comprehension questions at the 
beginning, for example, “500% of 100 � ___” and “500 �
___% of 100”). Participants could proceed only if they 
answered all questions correctly.

After the comprehension questions, participants were 
randomly assigned to either the Reward or the Lottery 
condition. In each condition, participants were shown a 
scenario and asked to indicate whether the percentage 
or the absolute number felt bigger.

Specifically, participants in the Reward condition 
were asked to imagine that they accumulated 100 
reward points at a retailer (1 reward point � $10). Then, 
they were asked to indicate which felt bigger between 
“1% of 100 reward points” and “1 reward point.” They 
were given three response options: “1% of 100 reward 
points,” “They feel equally big,” and “1 reward point,” 
which were coded as �1, 0, and 1, respectively. The 
order of these options was counterbalanced such that 
half of the participants in this condition saw the 
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percentage option appearing on the left and the 
absolute-number option appearing on the right, 
whereas the other half saw them in the opposite orienta
tion. In both cases, the coding scheme remained identi
cal. Therefore, participants’ average responses being 
greater than 0 would indicate that one unit of the abso
lute number felt bigger, as hypothesized.

Similarly, participants in the Lottery condition were 
asked to imagine that they participated in a lottery with 
100 chips (1 chip � $100). Then, they were asked to indi
cate which feels bigger between “1% of 100 chips” and 
“1 chip.” They were also given three response options: 
“1% of 100 chips,” “They feel equally big,” and “1 chip,” 
which were coded as �1, 0, and 1, respectively. Again, 
the order of these options was counterbalanced, and the 
coding scheme again remained identical. Thus, partici
pants’ average responses being greater than 0 would 
indicate that one unit of the absolute number felt bigger, 
as hypothesized.

Results
Following our preregistration, for each scenario, we 
conducted a t-test to compare participants’ responses 
against 0. In the Reward condition, as hypothesized, 
participants’ average responses were significantly 
greater than 0 (M � 0.30, SE � 0.04, t(198) � 6.60, p <
0.001). Among these participants, 10% indicated that 1% 
felt bigger, 51% indicated that 1% and 1 point felt identi
cally big, and 39% indicated that 1 point felt bigger. In 
the Lottery condition, also as hypothesized, partici
pants’ average responses were significantly greater than 
0 (M � 0.16, SE � 0.04, t(196) � 3.97, p < 0.001). Among 
these participants, 10% indicated that 1% felt bigger, 
64% indicated that 1% and 1 chip felt identically big, 
and 26% indicated that 1 chip felt bigger.

These results highlight two key patterns. First, in both 
scenarios, the majority of participants felt that 1% and 
one unit of the absolute number were identical in size. 
Second, aside from the majority of responses, more par
ticipants perceived 1% as smaller and one unit of the 
absolute number as larger compared with the opposite 
perception. In other words, if anything, participants 
overall perceived percentages as smaller—and defi
nitely not greater—than absolute numbers. This means 
that, in these contexts, unitosity would predict percen
tages (e.g., 500%) to feel smaller than absolute numbers 
(e.g., 500). Thus, if percentages still appeared larger than 
absolute numbers in these cases, it would serve as evi
dence that such effects of percentages are inconsistent 
with unitosity and instead are consistent with our 
account. We tested these predictions in the next study.

Study 4B: Main Study
In this study, we examined the effects of percentages 
while addressing unitosity and decision-by-sampling. 
Concurrently, we also aimed to investigate these effects 

across a wide range of numbers. Therefore, we used per
centages ranging from 100% to 1,000%.

To isolate the effects of percentages beyond unitosity, 
we used the stimuli developed and validated in Study 
4A. In these stimuli, one percentage point was perceived 
as smaller than one unit of the absolute number. There
fore, unitosity could not predict percentage-point 
changes to feel larger than the same changes in absolute 
numbers. Thus, if we find that percentage-point changes 
feel larger than absolute numbers, it would rule out 
unitosity as a primary driver of our findings.

Because we aimed to clarify a possible role of decision- 
by-sampling, we elicited magnitude perceptions of 
increases (e.g., increases from 500% to 600% vs. from 500 
to 600 as absolute numbers). We predict that increases 
expressed as percentages appear larger than increases 
in absolute numbers. This prediction is not made unam
biguously by decision-by-sampling. First, decision-by- 
sampling is ambiguous about whether the decision 
sample remains constant or varies across different scales. 
If the decision sample remains constant, then people 
would perceive percentage-point and absolute-number 
increases as identical. If it varies in the direction we 
would expect, then people would perceive percentage- 
point increases as larger than absolute-number increases. 
Second, decision-by-sampling does not specify whether 
people evaluate increases according to the difference in 
ranks, that is, r(b)-r(a), or the rank of the difference, that is, 
r(b-a). If people rely on the difference in ranks (i.e., the dif
ference between the rank of 500% and the rank of 600%), 
then percentage-point increases would appear small, 
because percentages exceeding 100% are all extreme and 
involve virtually no difference in ranks. If people rely on 
the rank of the difference (i.e., the rank of the difference 
100%), then percentage-point increases would appear 
large because they would have a high rank relative to the 
typical range between 0% and 100%.

Methods
Participants. We conducted Study 4B on MTurk. We 
preregistered to request 2,000 participants and to apply 
the same exclusion criteria as Study 2. The final sample 
consisted of 1,996 participants (on average 43 years old; 
52% men, 48% women, and less than 1% other).

Procedures. As in earlier studies, it was critical that 
participants understood percentages. Therefore, we 
asked all participants comprehension questions at the 
beginning, for example, “500% of 100 � ___” and “500 �
___% of 100”. Participants could proceed only if they 
answered all questions correctly.

After the comprehension questions, participants were 
randomly assigned to either the percentage or the 
absolute-number condition. Within each condition, they 
were randomly assigned to one of nine starting values: 
ranging from 100% to 900% in increments of 100% in the 
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percentage condition and ranging from 100 to 900 in 
increments of 100 in the absolute-number condition. 
These starting values indicated the values before the 
increases. For example, participants in the percentage 
condition who were assigned 100% as the starting value 
would be evaluating the increase from 100% to 200%, 
and participants in the absolute-number condition who 
were assigned 100 as the starting value would be evalu
ating the increase from 100 to 200.

After the random assignments, participants responded 
to two scenarios involving the same stimuli from Study 
4A: Reward and Lottery. The order of the two scenarios 
was counterbalanced such that half of the participants 
responded to the Reward scenario first, and then the 
other half responded to the Lottery scenario first.

The Reward scenario read as follows for the percent
age versus absolute-number condition (with a starting 
value of 100 as an example; [with manipulated text in 
square brackets]): “Imagine that you joined a reward 
program at a retailer. You originally had 100 reward 
points when you joined (1 reward point � $10). You con
tinued to accumulate reward points over many years. In 
one year, the total number of your reward points started 
at [100% of the original number vs. 100] and then 
increased to [200% vs. 200]. How big does the change 
from [100% vs. 100] to [200% vs. 200] feel?” Participants 
responded on a scale ranging from 0 (“extremely 
small”) to 100 (“extremely big”) in increments of 5.

The Lottery scenario read as follows for the percent
age versus absolute-number condition (with a starting 
value of 100 as an example; [with manipulated text in 
square brackets]): “Imagine that you entered a lottery. 
You originally had 100 chips when you entered (1 chip 
� $100). You continued to participate in the lottery over 
a series of rounds. In one round, the total number of 
your chips started at [100% of the original number vs. 
100] to [200% vs. 200]. How big does the change from 
[100% vs. 100] to [200% vs. 200] feel? Again, participants 
responded on a scale ranging from 0 (“extremely 
small”) to 100 (“extremely big”) in increments of 5.

We hypothesized that these increases would appear 
larger when they were expressed as percentages as 
opposed to absolute numbers. This prediction would be 
compatible with decision-by-sampling under the fol
lowing two conditions. First, the decision sample does 
not remain constant and indeed varies according to the 
scale on which the value is expressed. Second, people 
evaluate increases by computing the difference between 
the starting and ending values first (which is more eva
luable to each other) and applying the rank to this differ
ence (which is less evaluable and hence requires a 
decision sample as a benchmark), that is, r(b-a).

Results
We preregistered the following two sets of analyses. 
First, we combined the two scenarios, including 

participants’ responses to both. For this analysis, we 
conducted an OLS regression analyzing perceived mag
nitude with independent variables indicating the exper
imental condition (percentage vs. absolute-number, 
starting value (ranging from 100%/100 to 900%/900 in 
increments of 100%/100; mean-centered and treated as 
a continuous variable as opposed to dummy variables), 
scenario (Reward vs. Lottery), and their interactions, 
clustering standard errors by participant. Second, sepa
rating the two scenarios, we included participants’ 
responses to their first scenario only, that is, the Reward 
scenario for half and the Lottery scenario for the other 
half. For each scenario, we conducted an OLS regression 
independent variables indicating the experimental con
dition, starting value, and their interactions.

In the analysis combining both scenarios, participants 
perceived greater magnitudes in the percentage condi
tion (M � 53.32, SE � 0.57) than in the absolute-number 
condition (M � 50.08, SE � 0.60, b � 3.23; t(3,984) � 3.09; 
p � 0.002). This effect did not significantly interact with 
the starting value, t(3,984) � �0.39; p � 0.699. However, 
it did interact with the scenario t(3,984) � �3.39; p <
0.001.

In the analyses separating the two scenarios, includ
ing participants’ responses to their first scenario only, 
the results were as follows. In the Reward scenario, par
ticipants perceived greater magnitudes in the percent
age condition (M � 52.74, SE � 1.10) than in the 
absolute-number condition (M � 46.37, SE � 1.16), and 
this difference was significant, b � 5.73; t(995) � 3.70; p <
0.001. There was no significant interaction between the 
experimental condition and the starting value, t(995) �
�1.09; p � 0.277. In the Lottery scenario, participants 
perceived greater magnitudes in the percentage condi
tion (M � 53.71, SE � 1.13) than in the absolute-number 
condition (M � 51.44, SE � 1.16), but this difference was 
only marginally significant, b � 2.89; t(993) � 1.87; p �
0.062. There was again no significant interaction 
between the experimental condition and the starting 
value, t(993) � 1.14; p � 0.255.

These results show that, even in a conservative setting 
where one percentage point appears smaller than one 
unit of the absolute number, increases overall appear 
larger in percentage terms than in absolute numbers, 
even though the difference was only marginally signifi
cant in the Lottery scenario. Notably, numerosity cannot 
explain these effects because the comparison is between 
percentages and absolute numbers of identical nominal 
value (e.g., 100% vs. 100). Unitosity cannot account for 
these patterns either, because Study 4 showed that one 
percentage point appears smaller, not larger, than one 
unit of the absolute number in this context (e.g., 1% of 
100 points vs. 1 point). Although decision-by-sampling 
could be part of the mechanism for these findings, this 
would then reveal two important specifications. First, 
when people evaluate a numeric change, they use a 
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different decision sample based on the scale being used. 
Second, they assess the magnitude as if they first com
pute the difference between the two numbers and then 
apply the rank within the decision sample, that is, r(b-a).

General Discussion
This article addresses a common challenge in communi
cating numerical information: communicators wish to 
emphasize the magnitude of a quantity while leaving 
people sensitive to further increases. For example, a 
manager might want to make a sales bonus seem entic
ing while leaving the sales force motivated by even 
greater rewards for meeting even more ambitious tar
gets. We propose that communicators can address this 
challenge by representing the quantity on a numerical 
scale with a low typical range, such as a percentage 
scale. For example, a sales force manager could increase 
the allure of a sales bonus by describing it as 300% of 
base salary, and a star performance bonus worth 600% 
of base salary would still seem yet more enticing.

Although percentage scales render people more sen
sitive to large increases, we should make two important 
caveats. First, we predict and test this effect only with 
large differences (i.e., 100%). Small differences of 1% 
would be near the lower bound of percentages and 
would likely seem small (e.g., in Study 4A, 1% felt smal
ler than 1 point, even though the 100-percentage-point 
changes felt larger in Study 4B). Second, although pre
senting large changes in percentages can render people 
more sensitive to them, it does not affect the rate at 
which sensitivity diminishes (e.g., in Study 4B, there is 
no interaction between the scale used and the size of the 
starting values before the increase). Rather than attenu
ating diminishing sensitivity itself, percentage framing 
can compensate for it by rendering people more sensi
tive to large increases from a wide range of starting 
points.

Theoretically, our primary contribution is the notion 
that people judge magnitudes and changes in those 
magnitudes relative to the typical range on the scale 
they are presented on. This explains why communica
tors can render large relative magnitudes both more 
compellingly and discriminably by using percentages. 
Percentages have a low typical range between 0% and 
100% (whereas many other numerical scales do not). 
Large percentages such as 500% seem larger than equiv
alent numbers on other scales, being judged relative to 
that low 0%�100% typical range. Likewise, a change 
from 500% to 600% also seems large because people can 
recognize the 100-percentage-point difference, which 
lies at the typical range’s upper bound.

Our theory makes distinct predictions from previous 
accounts of scale effects, such as numerosity and unitos
ity (Raghubir and Srivastava 2002, Wertenbroch et al. 
2007, Burson et al. 2009, Pandelaere et al. 2011, Monga 

and Bagchi 2012, Schley et al. 2017). For example, neither 
of these past accounts predict our findings across Stud
ies 4A and 4B. In Study 4A, we found that people per
ceived 1% as smaller than one unit of the absolute 
number in the scenarios that we would use for Study 
4B. That is, in the absence of numerosity (because both 
percentages and absolute numbers had identical nominal 
values) and with unitosity working against our hypothe
ses (because percentages had a smaller seeming, not 
greater seeming, unit than absolute numbers), Study 4B 
confirmed our prediction that people would evaluate an 
increase in percentages (e.g., from 500% to 600% of 100 
points) as larger than an equivalent increase in absolute 
numbers (e.g., from 500 points to 600 points).

Although our findings are not predicted unambigu
ously by rank-based accounts such as decision-by- 
sampling and the rank principle of range-frequency the
ory (Parducci 1965, Verlegh et al. 2002, Stewart et al. 
2006), they are reconcilable. In fact, we could conceptu
alize our contribution as a specification of how rank- 
based accounts operate. Recall that, in rank-based 
accounts, people have a “decision sample” of stimuli in 
mind and judge magnitudes according to their rank 
within it. Our first contribution to rank-based accounts 
is to show that decision samples depend on the typical 
range of values for the relevant numerical scale. Our sec
ond contribution is to specify how people treat changes 
from one value to another. Rather than considering the 
rank of the respective values and differencing those 
ranks, that is, r(b)-r(a), people recognize the size of the 
difference itself and consider its rank within the decision 
sample, that is, r(b-a). It is worth noting that, despite 
these two contributions to the rank-based literature, our 
account does not require a rank-based process. People 
could also directly contrast a number to the bounds of 
its scale’s typical range, with the resulting contrast 
effects producing our findings. Our overall contribution 
is ultimately to reveal the influence of a numerical 
scale’s typical range of values, whether that influence 
operates through a direct contrast or a decision sample.

In addition to how our research relates to the rank 
principle, we can also address how it applies to the range 
principle of range-frequency theory (Parducci 1965, Ver
legh et al. 2002). According to the range principle, peo
ple judge a given magnitude based on its relative 
distance between the lowest and highest values in the 
decision sample. For example, if the range of values in 
the decision sample was 0 to 10, one would map 5 to the 
middle of the given response scale. Although there are 
similarities between the rank principle and range princi
ple of range-frequency theory, the range principle could 
predict greater sensitivity to percentages in a different 
way, namely, it need only assume that the typical range 
of a scale affects the decision sample (and it need not 
assume that people process increases differently from 
individual magnitudes). For example, one must assume 
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that the low typical values for percentages lead people to 
construct a smaller range (e.g., from 0% to 1,000%) than 
that for absolute numbers (e.g., from 0 to 10,000). Then, a 
change from 500% to 600% would influence range posi
tion by 1/10th (from 500%/1,000% to 600%/1,000%3), 
whereas a change from 500 to 600 would change range 
position by 1/100th (from 500/10,000 to 600/10,000). 
Thus, based on the change in range position, the percent
age-point change will feel larger. This example shows 
how the range principle of range-frequency theory can 
predict greater sensitivity to large increases in percen
tages but only under the novel assumption that the typi
cal range on the relevant numerical scale affects the 
decision sample and the subsequent range. This assump
tion differs from how past work conceptualizes range- 
frequency theory because it typically assumes that the 
stimuli in the relevant study constitute the corresponding 
decision sample (see, e.g., Parducci 1965 and Verlegh et al. 
2002), rather than assuming that past observations can 
influence the decision sample. In this regard, one poten
tial additional implication of this work is an improved 
understanding of how range effects can work.

One limitation of this theorizing is that, in practice, 
people may use a wide range of strategies for assessing 
magnitude and be subject to a wide range of influences. 
Sometimes they may evaluate a relative magnitude by 
comparing it to the typical range on the scale, as this 
research suggests. Other times, they may focus on the 
size of the number following numerosity (Raghubir and 
Srivastava, 2002, Wertenbroch et al. 2007, Burson et al. 
2009, Pandelaere et al. 2011, Schley et al. 2017) or the 
unit of the number following unitosity. Yet other times, 
they may assess the value’s rank within a decision sam
ple drawn from memory, as in decision-by-sampling 
(Stewart et al. 2006). In fact, they may use multiple strat
egies and be subject to many influences all at the same 
time. Given these considerations, we do not claim 
that our key insights fully describe people’s numerical 
magnitude perceptions. In particular, communicators 
should consider the numerosity of a scale alongside its 
typical range, especially if these forces drive in opposite 
directions (e.g., large percentage vs. absolute changes in 
dollar amounts above $100). Future work could quanti
tatively model these different theories and explore their 
relative inference across different contexts, scales, and 
decision makers.

Beyond these theoretical contributions, our findings 
also suggest practical implications. For example, man
agers might be able to incentivize exceptional perfor
mance more effectively by increasing a performance 
bonus by 200% of a $100 baseline rather than by $200. 
Company leaders might be able to impress shareholders 
more by describing a $200 increase in a $100 share price 
as 200% of last year’s $100 value. Public health officials 
might better motivate the population to accept public 
health measures by describing an increase of 300 cases 

as 300% of a previous total of 100. These framing effects 
could also impact philanthropists and even policy
makers, particularly when considering interventions 
aimed at saving lives. Sensitivity to the effectiveness of 
such interventions is particularly important because, 
according to estimates, some are more than 100 times 
more effective than others (Caviola et al. 2020). Advo
cates of effective interventions might want to know how 
to frame this information in the most compelling way 
possible. Our work suggests that describing the most 
effective interventions as “10,000% as effective” could 
be an even more striking difference than 100 times 
(Study S3). Thus, our findings may provide a promising 
means of overcoming scope insensitivity in high-stakes 
situations, perhaps even when lives are on the line. We 
hope that future work continues to experiment with the 
best way to frame information to convey magnitude. 
The stakes could be large.
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Endnotes
1 We initially preregistered to extract all passages containing “X 
times as” but realized on viewing the data that this strategy was 
picking up phrases like “six times as of Monday” and so used “X 
times as great,” “X times as many,” and “X times as much” instead.
2 We used the default degrees of freedom for clustered standard 
errors in the R packages “sandwich” and “miceadds,” which is the 
number of observations minus the number of parameters (which 
includes the intercept).
3 Note that, unlike rank positions, range positions are linear and 
hence are not affected by whether people first apply the ranks and 
then assess the difference or alternatively first assess the difference 
and then apply the rank.
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