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In an influential article, Shah et al. (2015) hypothesized that resource scarcity weakens the
effect of irrelevant contextual factors on economic valuations. The hypothesis that “scarcity
frames value” qualifies the applicability of standard theories of rational choice and suggests
a revised psychological foundation. In support, Shah et al. showed that differences in the
willingness to pay for a commodity depending on where it was purchased (a fancy hotel
vs. a run-down store) and in the willingness to travel to receive a fixed discount depend-
ing on the size of the purchase (a cheap vs. an expensive computer) were smaller among
those with low personal incomes. In a large-scale preregistered experiment (N = 3,442),
we tested whether scarcity framed value during the COVID-19 pandemic as well. The sam-
ple exhibited the canonical context effects overall. Consistent with the hypothesis, these
effects tended to be smaller among those facing higher scarcity of personal income. Ex-
tending the original findings, economic valuations of low-income earners improved, partic-
ularly when scarcity was on the minds of the participants, as those with high financial and
other resource scarcity concerns were less susceptible to the context effects. Our findings
indicate that scarcity frames value, especially when it is cognitively salient, and emphasize
the importance of considering contextual factors when attempting replications.
© 2023 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Classic theories of rational choice conceive individuals as optimizing machines, with perpetual cost-benefit calculations
based on stable perceptions of economic value immune from the influence of irrelevant contextual features (Robbins, 1932;
Savage, 1954; Von Neumann & Morgenstern, 1944). The accumulated evidence on our natural cognitive limitations and bi-
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ases has shown this mechanistic view of rationality to be inadequate (Simon, 1990; Tversky & Kahneman, 1974), motivating
a paradigmatic shift towards psychologically realistic theories and experimental methods that culminated in modern behav-
ioral economics (Kahneman & Tversky, 1979; Simon, 1955; Thaler, 2015).

It is now well-established that normatively irrelevant contextual features routinely affect inferences about economic
value (Tversky & Kahneman, 1981). For example, in the beer-on-the-beach scenario, people systematically report higher
willingness-to-pay (WTP) for the same bottle of beer that would be consumed at the same beach when it is purchased
from a fancy hotel than when it is purchased from a run-down grocery store (Thaler, 1985). Likewise, in the so-called pro-
portional thinking scenario, the willingness-to-travel (WTT) thirty minutes to receive a $50 discount predictably decreases
with the original price of the discounted item, even though the distance to be traveled and the money to be saved remain
constant (Tversky & Kahneman, 1981). These robust demonstrations of the context-dependency of economic value judg-
ments have become canonical exhibits of how the classic view of homo economicus can systematically fail to predict actual
human behavior.

On the other hand, recent research on the psychology of scarcity is beginning to paint a more nuanced picture re-
garding the validity of the standard theories of economic decision-making (for overviews of the literature, see Isler, 2020;
Mullainathan & Shafir, 2013; Zhao & Tomm, 2018). In an influential article, Shah et al. (2015) hypothesized that “scarcity
frames value”, positing that resource scarcity improves economic valuations as they become less influenced by irrele-
vant contextual features. The article showed, across numerous studies, including original tests as well as several direct
and conceptual self-replications, that people with tighter budgets were less biased by contextual factors in tasks such as
the canonical beer-on-the-beach and proportional thinking scenarios described above. These results identified an impor-
tant moderator—income scarcity—as regulating not only the influence of contextual features on the psychology of eco-
nomic choice but also the applicability of the classic accounts of rational choice. Consistent with the idea that scarcity
focuses attention on economic valuations, it has been shown elsewhere that the inducement of a scarcity mindset activates
the neural networks underlying processes of economic valuation more so than the inducement of an abundance mindset
(Huijsmans et al., 2019). Overall, these findings suggest that pressing resource needs increase the relevance of economic
trade-offs and the efficient use of scarce resources.

Although the hypothesis that “scarcity frames value” is crucial for understanding the nature of decision-making, with
significant implications for economics and beyond, independent attempts to replicate the findings of Shah et al. (2015) un-
derlying this hypothesis have been rare. In the only published article with an independent test of Shah et al. (2015),
O’Donnell et al. (2021) randomly chose one of the original studies in it—namely, Study 6 on the effects of time scarcity—and
failed to replicate it. It is difficult to generalize the results of this failure to the overall findings of Shah et al. (2015) because
of the random selection of Study 6. Previously, Camerer et al. (2018) had failed to replicate one of the earlier studies on
the psychology of scarcity—one that introduced the idea that scarcity can lead to over-borrowing through cognitive fatigue
(Shah et al., 2012). In response, Shah et al. (2018) argued that the failed replication attempt by Camerer et al. (2018) in-
cluded a single, non-critical study of the original article and showed that, while the non-critical study is indeed difficult to
replicate, the critical studies in this original article do successfully replicate (Shah et al., 2019).

These episodes show that independent replication projects can significantly benefit from communicating with the authors
of the original study prior to data collection to receive their views on the suitability of the materials and any other features
required for direct replication. The authors of the original study can help identify the studies in the original article critical
for hypothesis testing. In addition, this communication provides an opportunity for the authors of the original study to
voice (and even preregister) any concerns regarding potential confounds as well as contextual factors that can invalidate a
replication attempt. Hence, we consulted the corresponding author (A. K. Shah) of Shah et al. (2015) and received continued
constructive feedback on our study.

This feedback indicated that tests of the main hypothesis that “scarcity frames value” should be based on Study 1d and
Study 2c, since they are the key studies in the original article. In these studies, 2,015 participants from the US were recruited
online to complete the beer-on-the-beach and proportional thinking scenarios in counterbalanced order. The two studies
are particularly insightful because they provide large-scale internal replications using a representative sample to demon-
strate the moderation of context effects by personal income in two canonical tasks from the judgment-and-decision-making
literature. Therefore, we planned to run high-powered independent tests of Study 1d and Study 2c in Shah et al. (2015).

In our initial consultation, the corresponding author also raised concern that a direct replication of Shah et al. (2015) may
be prevented or confounded by the significant impact of the COVID-19 pandemic on threat perceptions and norms of behav-
ior. For example, the pandemic could heighten health threat concerns, which could be particularly acute among the poor.
This could mute, add noise, or alter how income scarcity frames value in the COVID-19 context. Likewise, pandemic-related
shifts in behavior (e.g., travelling, in-store shopping, socializing at the beach, etc.) could influence how participants inter-
pret and react to the scenarios used in the study. We concurred that a substantial change in the decision context due to
the COVID-19 pandemic could prevent a direct replication of the original study. Therefore, we postponed data collection for
more than one calendar year, until March 2022, for the severity and unfamiliarity of the pandemic to subside. In addition,
we measured COVID-19-related resource and health threat perceptions in the survey to check and account for the impact of
the pandemic on perceptions and economic valuations. Because our control measures and exploratory analyses indicated a
substantial influence of the COVID-19 context (see Sections 3.1 & 3.3), rather than a direct replication of Shah et al. (2015),
we interpret our study as testing whether resource scarcity improves economic valuations in the context of the COVID-19
pandemic.
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In Study 1d of Shah et al. (2015), which includes the beer-on-the-beach scenario, participants are randomly assigned to
one of two conditions where the beer is bought either from “a fancy resort hotel” or “a small, run-down grocery store”,
and WTP for the beer is elicited in an open-ended question. In Study 2c of Shah et al. (2015), which uses the proportional
thinking scenario, participants are randomly assigned to one of three conditions, where the original price of the discounted
item is $300, $500 or $1000, and WTT for a discount of $50 is elicited in a binary-choice question. Study 1d and Study
2c successfully demonstrated the canonical context effects, whereby WTP for a beer was higher when it was bought from
a fancy resort than when it was bought from a grocery store, and WTT increased as the original price of the discounted
good decreased (i.e., as the proportional size of the discount increased). Crucially, in both studies by Shah et al. (2015), the
differences in WTP and WTT across the experimental conditions were smaller among those with lower personal incomes.
We tested the following two hypotheses, initially proposed by Shah et al. (2015), in the context of the COVID-19 pandemic:

Hy: In the beer-on-the-beach scenario, the difference in WTP for beer between the fancy resort and the grocery store
conditions is smaller for participants with lower personal incomes.

H,: In the proportional thinking scenario, the difference in WTT to receive a $50 discount for a cheaper than for a more
expensive computer is smaller for participants with lower personal incomes.

2. Method

The experiment includes tests of Study 1d and Study 2c in Shah et al. (2015) in the context of the COVID-19 pandemic.
We obtained ethics approval from the Queensland University of Technology Human Research Ethics Committee and informed
consent from every subject prior to participation. The experiment was preregistered at the Open Science Framework (OSF;
https://osf.io/xuc9m). The experimental materials are available in the Supplementary Information, and the dataset and the
analysis code are available at the OSF project site (https://osf.io/kdfjn/).

2.1. Power analysis

Because each participant would complete both scenarios, as in Shah et al. (2015), the sample size estimation could be
based on the effect size of only one of them. Therefore, we used the scenario with the smaller effect size to estimate our
sample size, which is the beer-on-the-beach scenario reported in Study 1d by Shah et al. (2015). The reported effect size of
the interaction between income group (formed by the median-split of personal income) and decision context in a two-way
ANOVA model was np? = 0.003. To detect an effect size of this magnitude with & = 0.05 and 1 - 8 = 0.90, we estimated
using G*Power 3.1.9.2 that our sample should consist of at least 3,494 participants (Faul et al., 2009).

2.2. Participants

Study 1d and Study 2c by Shah et al. (2015) collected a representative online sample of US respondents from Survey
Sampling International (renamed Dynata). To achieve a comparable analysis sample, we recruited US residents online and
used pre-screening criteria to match the three key demographic features of the original studies (i.e., household income,
household size, and participant gender). To do so, we recruited participants from Prolific (https://www.prolific.co/), which
allows pre-screening of participants based on a previously completed demographic survey, including questions on household
income (“What is your total household income per year, including all earners in your household [after tax] in USD?”) and
household size (“Including you, how many people live in your household?”). Participants were recruited to eight mutually
exclusive subgroups defined by two household income brackets (“less than $60,000” and “more than or equal to $60,000"),
two household size categories (“less than 3” and “3 or more”), and gender (“male” and “female”). For example, 56.8% of
the sample analyzed in Studies 1d and 2c by Shah et al. (2015) reported household income levels of less than $60,000.
Among these participants, 52.9% reported living alone or with one other person. Among households with incomes less than
$60,000 and sizes less than 3, 52.3% were male—a subgroup consisting of 298 participants (15.7% of the overall analysis
sample). Accordingly, we aimed to recruit 15.7% of our sample (i.e., 549 participants) to include males from households
with annual incomes less than $60,000 and a size of fewer than three people. Considering potential outliers, we aimed to
recruit five additional participants for each subgroup. Hence, the target sample size for each subgroup (SG) was as follows:
SG1) 554 (income < $60,000; household size < 3; male); SG2) 506 (income < $60,000; household size < 3; female);
SG3) 353 (income < $60,000; household size > 2; male); SG4) 591 (income < $60,000; household size > 2; female); SG5)
329 (income > $60,000; household size < 3; male); SG6) 265 (income > $60,000; household size < 3; female); SG7) 449
(income > $60,000; household size > 2; male); SG8) 488 (income > $60,000; household size > 2; female). In addition,
we restricted recruitment to English speakers who were 18 years or older at the time of the study and whose Prolific
scores were at least 90 (to exclude those who consistently failed to complete studies or complied with the instructions).
All subgroups except SG1 achieved their target sample sizes by the end of the preregistered five-day data collection period.
Since gender is orthogonal to the original hypotheses, 42 observations missing in SG1 were filled by additional recruitment
to SG2 prior to data analysis. Excluding 91 outliers on income and response quality (see section 2.4 for details), the analysis
sample includes 3,442 unique and complete submissions (Mgge = 36.91, SDgge = 14.17; 53.8% female). Participants earned a
participation fee of $0.50.
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2.3. Materials and procedure

Our study closely followed the materials and procedures of Shah et al. (2015). As in the original article, after receiv-
ing informed consent, each participant completed the beer-on-the-beach scenario (Study 1d in Shah et al., 2015) and the
proportional thinking scenario (Study 2c in Shah et al., 2015) in random order. Participants then completed a demographic
survey to measure personal income, followed by three questionnaires on financial concerns, COVID-19 health and resource
scarcity threat perceptions, and financial literacy.

2.3.1. The beer-on-the-beach scenario

The question in this task, originally used in Thaler (1985), asked participants, “What price do you tell him?” after the
description, “You are lying on the beach on a hot day. All you have to drink is ice water. For the last hour you have been
thinking about how much you would enjoy a nice cold bottle of your favorite brand of beer. A companion gets up to go
make a phone call and offers to bring back a beer from the only nearby place where beer is sold (]...]). He says that the
beer might be expensive and so asks how much you are willing to pay for the beer. He says that he will buy the beer if
it costs as much or less than the price you state. But if it costs more than the price you state he will not buy it. You trust
your friend, and there is no possibility of bargaining with the bartender.” Participants were randomly assigned to one of two
conditions where, in place of the square brackets above, it was written that the beer is sold either at “a fancy resort hotel”
or “a small, run-down grocery store”. An open-ended numerical response was elicited.

2.3.2. The proportional thinking scenario

The question in this task, adapted by Shah et al. (2015) from Tversky and Kahneman (1981) and the original version
used by Thaler (1980), asked participants whether they would be willing to travel to a distant store to buy a discounted
computer, with the description “Imagine that you go to the store to buy a tablet computer that costs [...]. The clerk informs
you that a store thirty minutes away sells the same tablet computer for $50 less. Would you go to the other store to buy the
tablet computer or would you buy it at the current store?” Participants were randomly assigned to one of three conditions
where the cost of the computer was described, in place of the square brackets above, as either “$300”, “$500” or “$1000".
Participants chose their answers from one of two options (“I would buy it at the current store.” or “I would travel to the
other store to buy it.”).

2.3.3. Personal income

Shah et al. (2015) found that personal income moderates the context effects. As in the original article, two questions were
used to estimate personal income: household size (“Including you, how many people live in your household?”) and annual
household income (“What is your total household income per year, including all earners in your household [after tax] in
USD?”). The information for estimating personal income (household income and size) was collected twice: (1) initially mea-
sured by Prolific and used for quota sampling in our study (see Section 2.2), and (2) measured a second time in the demo-
graphic survey of the current study to have updated values for these variables (together with the same questions on gender,
age, ethnicity, and education used in the original study). As preregistered, all analyses using personal income are based on
the updated values of household income and size. Median annual household incomes were equivalent (MD = $55,000), and
mean household sizes were similar between the original (M = 2.76) and the replication study (M = 2.73). Personal income
was calculated by taking the midpoint of the income bin selected by the participant ($150,000 for the highest, open-ended,
bin) and dividing it by the square root of household size. This measure is based on the equivalence transformation used by
the OECD (2008), which takes into account economies of scale in household needs (i.e., decreasing rate of increase in needs
with each additional household member).

2.3.4. COVID-19 threat perceptions

To explore the influence of the COVID-19 pandemic on threat perceptions and economic valuations, two questions, one
on resource scarcity and another on health threat perceptions, were asked in random order using scales ranging from 0
(“Not at all”) to 100 (“Very much”):

“In this study, you considered two scenarios where you were asked how much you are willing to pay for a bottle of
beer and whether you are willing to travel to a distant store to buy a discounted tablet computer. While completing
these two scenarios, (1) to what extent did scarcity of material resources (such as lack of goods and services) or
scarcity of financial resources (such as inadequate income or savings) due to the COVID-19 pandemic come to your
mind, and (2) to what extent did risks to your personal health due to the COVID-19 pandemic come to your mind?”.

The average of ratings on these two questions gives the COVID-19 threat perceptions score (M = 17.33, SD = 22.62, Cronbach
o = .72), but we explore the resource scarcity threat and the health threat components separately as well.

2.3.5. Financial concerns

Using a scale ranging from 1 (“Strongly disagree”) to 7 (“Strongly agree”), the financial concerns scale included four
questions about financial stress that were taken from Kim and Garman (2003) and a fifth question that was about financial
preparedness: (1) “I am satisfied with my present financial situation” (reverse coded), (2) “My income is enough for me to
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meet my monthly living expenses” (reverse coded), (3) “I worry about how much money I owe,” (4) “I am satisfied with
the amount of money that [ am saving and investing for retirement” (reverse coded), and (5) “I am financially unprepared
for negative life-events such as severe sickness, serious injury or long-term unemployment.” The sum of ratings on the
five questions gives the financial concerns score (M = 20.95, SD = 7.80, Cronbach « = .86). A sixth item was added as an
attention check: (6) “This is an attention check. Please choose "Strongly agree" as a condition of successful completion.”

2.3.6. Financial literacy

Various aspects of financial literacy were measured with the financial literacy test taken from Isler et al. (2022). The test
includes five multiple choice questions about annual and compound interest, inflation, risk diversification, and loans: (1)
“Suppose you had $100 in a savings account without bank fees and the interest rate was 2% per year. How much would you
have in the account after 1 year?” (Correct answer: $102), (2) “Imagine that the interest rate on your savings account was 1%
per year and inflation was 2% per year. After 1 year, how much would you be able to buy with the money in this account?”
(Less than today), (3) ““An investment with a high return is likely to be high risk.’ Is this statement true or false?” (True),
(4) “Suppose you had $200 in a savings account without bank fees and the interest rate was 10% per year. How much would
you have in the account after 2 years?” (More than $240), (5) “Suppose you need to loan $1000 from your bank. You have
the option to repay the loan in either 2 or 3 years. Suppose that the interest rate is the same in either option. Which of the
following is correct?” (The monthly repayments will be lower, and the total interest paid will be higher for the 3-year loan).
The total number of correct answers on the test gives the financial literacy score (M = 3.55, SD = 1.33, Cronbach « = .58).

2.4. Analysis plan

2.4.1. Excluding outliers

Shah et al. (2015) excluded outliers on income and response quality by omitting participants with personal incomes less
than $2,050 or WTPs larger than $20 from tests of Study 1d and 2c. Considering the cumulative inflation of 19% in the US
for the period 2014-2022 between the original study and ours, we excluded 91 participants with personal incomes less than
$2,440 or WTPs larger than $24 from all analyses.'

2.4.2. Control measures

We measured COVID-19 resource scarcity and health threat perceptions and compared them across the low- and high-
income groups to check whether the COVID-19 pandemic resulted in a decision-making context that is significantly different
than Shah et al. (2015). In addition, we planned for two controls to check whether our sample is representative in exhibiting
the commonly observed effects of decision context in the two scenarios: (1) a significant effect of decision context in the
beer-on-the-beach scenario, such that WTP for beer from the resort hotel is higher than for beer from the grocery store,
thereby replicating the commonly observed differences in “transaction utility” (Thaler, 1985), and (2) a significant effect
of decision context in the proportional thinking scenario, such that WTT to receive a $50 discount is more likely for a
cheaper than for a more expensive computer, thereby replicating the commonly observed “proportional thinking” effect
(Thaler, 1980).

2.4.3. Hypothesis Testing

Using the same approach as in Shah et al. (2015), we planned to test each hypothesis twice, once comparing lower-
vs. higher-income groups defined by the median-split of personal income (MD = 38,013) and a second time using the
continuous log-transformed personal income variable (to control for the expected positive skew in the distribution of this
variable). For Hy, we planned to test for the interaction between personal income and decision context in two-way ANOVAs
on WTP. For H,, we planned to test for the interaction between personal income and decision context using Wald tests in
binary logistic regressions on WTT. We preregistered that, together with the canonical context effects tested as part of the
control measures, statistically significant interaction effects indicating that the differences in WTP and WTT increase with
personal income would be interpreted as providing evidence for H; and H,.

2.4.4. Exploratory analysis

We preregistered additional analyses to explore the potential moderators of the predicted context effects. We expected
greater financial concerns, COVID-19 scarcity and health threat perceptions, and financial literacy to decrease the influence
of decision context.

1 Although the criteria for determining outliers were not documented in the preregistration, their exclusion allows consistency with the analyses in the
original article. Neither the inclusion of outliers nor the exclusion of those who fail the attention check question changes any of the preregistered control
measures or hypothesis test results, but the effect sizes tend to be larger without the outliers (see Supplementary Information).
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Fig. 1. (a) Willingness to pay (WTP) in the beer-on-the-beach scenario and (b) willingness to travel (WTT) in the proportional thinking scenario across
the experimental conditions compared between lower- and higher-income groups found by splitting the analysis sample (excluding outliers) at the median
personal income. Error bars indicate 95% confidence intervals.

3. Results
3.1. Control measures

The COVID-19 threat perception measures indicated that the pandemic presents a substantially different decision context
than that of Shah et al. (2015). Nevertheless, our analysis sample exhibited the canonical effects of context on economic
valuations in both scenarios.

3.1.1. COVID-19 threat perceptions

The low-income participants expressed consistently higher threat perceptions (M = 19.94 vs. 14.71; t(3440) = 6.82, p <
.001, d = 0.23) than the high-income participants both overall as well as when considering health (M = 14.34 vs. 11.30;
t(3440) = 3.94, p < .001, d = 0.13) and resource scarcity threat perceptions separately (M = 25.54 vs. 18.12; t(3440) = 7.78,
p < .001, d = 0.27).

3.1.2. The beer-on-the-beach scenario

WTP for beer was on average $1.03 higher if bought from a resort hotel (M = 7.72, 95% CI = [7.54, 7.90]) than if bought
from a grocery store (6.69 [6.51, 6.88]). This difference is statistically significant (two-sample t-test: t(3440) = 7.90, p < .001,
d = 0.27) and nearly the same as the difference found in Study 1d of Shah et al. (2015) ($6.50 for the hotel and $5.62 for
the store) after adjusting for the cumulative inflation of 19% (i.e., $1.02).

3.1.3. The proportional thinking scenario

WTT to receive a $50 discount decreased by an overall 22.3 percentage points (pp) as the original price of the discounted
item increased: 76.8% [74.3, 79.3] for the $300 computer, 69.7% [67.0, 72.4] for the $500 computer, and 54.5% [51.6, 57.4] for
$1,000 the computer. These differences are statistically significant (Pearson’s chi-square test: x2(2, n = 3442) = 135.47, p
< 0.001) and larger than the overall 17.6% difference found in Study 2c of Shah et al. (2015) (70.9% for the $300 computer,
68.2% for the $500 computer, and 53.3% for the $1,000 computer).

3.2. Hypothesis tests

Although the trends were in the predicted directions, the preregistered statistical tests showed no clear evidence for
either of the hypotheses that scarcity frames value during the COVID-19 pandemic. Fig. 1a displays the average WTP in
the beer-on-the-beach scenario, and Fig. 1b displays the WTT rates in the proportional thinking scenario across the income
groups and the experimental conditions.

3.2.1. The beer-on-the-beach scenario

As in the original study, higher-income participants’ willingness to pay for beer from the hotel (7.90 [7.66, 8.14]) was
higher than for beer from the store (6.76 [6.53, 7.00]), t(1720) = 6.54, p < .001, d = 0.32. Unlike the original study, lower-
income participants also showed higher WTP for beer from the hotel (7.54 [7.29, 7.79]) than for beer from the store (6.62
[6.33, 6.90]), t(1718) = 4.74, p = .019, d = 0.23. While the estimated effect size was smaller for the lower-income participants
than for the higher-income participants, failing to support H;, the interaction between income group and context was not
significant, F(1, 3438) = 0.69, p = .408, np* < .001. The interaction remained insignificant when personal income was treated
continuously, F(1, 3438) = 1.02, p = .313, np? < .001.
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3.2.2. The proportional thinking scenario

The willingness to travel to receive a $50 discount decreased as the original price of the discounted item increased for
both the higher-income (x2(2, n = 1722) = 73.39, p < 0.001) and the lower-income participants (x2(2, n = 1720) = 62.85,
p < 0.001). Specifically, WTT rates were 77.2% [73.6, 80.6], 68.9% [64.9, 72.6], and 53.6% [49.4, 57.8] among higher-income
participants and 76.5% [72.7, 80.0], 70.6% [66.7, 74.3], and 55.4% [51.3, 59.4] among lower-income participants when the
price of the computer was $300, $500, and $1,000. While the overall difference in WTP was smaller for the lower-income
participants (21.1 pp) than for the higher-income participants (23.6 pp), failing to support H,, the interaction between per-
sonal income and context was not significant either when comparing income groups split at the median (Wald-tests: x2(1,
n = 3442) = 0.28, p = 0.596) or when treating income as continuous (x2(1, n = 3442) = 2.49, p = 0.114).

3.3. Exploratory analysis

Fig 1. above is suggestive of trends in the expected direction (i.e., weaker context effect among the lower income group),
but these differences were not enough to reach statistical significance. Extending the original hypothesis, we explored
whether resource scarcity needs to be cognitively salient for it to improve economic valuations. For this, we estimated modi-
fied versions of the statistical models used in hypothesis testing by replacing the personal income variable with the relevant
perception measure (i.e., the potential moderator) and tested for the interaction between it and the decision context. We
then studied the moderation effect of these perception measures separately among the lower-income and the higher-income
groups as defined by median personal income.

3.3.1. Perceived resource scarcity

To explore the moderating role of how scarcity is perceived, we used the financial concerns score and the COVID-19
scarcity and health threat perceptions score. The two perception measures were positively correlated (r = .15, p < .001).
These analyses revealed that the effect of decision context weakened with increased scarcity perceptions (see Fig. 2a-b), and
this effect tended to be stronger among the lower-income participants.

In the beer-on-the-beach scenario, the effect of context on WTP was larger among those with below-median than those
with above-median financial concerns (d = 0.35 vs. 0.19; interaction: F(1, 3438) = 4.27, p = .039, 17,? = .001) and threat per-
ceptions (d = 0.38 vs. 0.17; F(1, 3438) = 7.63, p = .006, np> = .002). The influence of financial concerns was stronger among
the lower-income (d = 0.38 vs. 0.16; F(1, 1716) = 3.44, p = .064, np? = .002 [F(1, 1716) = 5.95, p = .015, 1p? = .003 when
financial concerns are continuous]) than among the higher-income group (d = 0.34 vs. 0.26; F(1, 1718) = 0.72, p = .395,
np? < .001) and the moderating role of threat perceptions was stronger among the lower-income (d = 0.38 vs. 0.12; F(1,
1716) = 5.84, p = .016, 1,? = .003) than among the higher-income group (d = 0.38 vs. 0.24; F(1, 1718) = 1.98, p = .156, 1’
< .001).

Similarly, in the proportional thinking scenario, the effect of context on WTT was significantly larger among those with
below-median than those with above-median threat perceptions (x2 = 109.01 vs. 36.31; x2(1, n = 3442) = 8.95, p = .003).
The influence of threat perceptions was stronger among the lower-income (x2 = 49.52 vs. 19.53; x2(1, n = 1720) = 5.39,
p = .020) than among the higher-income group (x2 = 59.71 vs. 18.15; x2(1, n = 1722) = 3.43, p = .064). While the compar-
ison of participants with above- and below-median financial concerns showed a similar trend (x2 = 89.86 vs. 50.03), this
difference was not statistically significant (x2(1, n = 3442) = 2.09, p = .148).

To focus on the low-income group, where the influence of perceptions on economic valuations was most visible, we
considered the two components of our COVID-19 threat perceptions measure separately (i.e., resource scarcity threat and
health threat). In the beer-on-the-beach scenario, we found significant improvement in economic valuations by resource
scarcity threat perceptions (F(1, 1716) = 4.70, p = .030, np? = .003) but not by health threat perceptions (F(1, 1716) = 2.72,
p = .099, np? = .002). In the proportional thinking scenario, both perception measures showed a positive influence on
economic valuations (resource scarcity threat perceptions: x2(1, n = 1720) = 7.82, p = .005; health threat perceptions:
x2(1, n = 1720) = 5.21, p = .023).

3.3.2. Financial literacy

Additional exploratory analysis revealed that the effect of decision context increased with financial literacy (see Fig. 2c),
which occurred particularly among the lower-income participants. Overall, the context effects were larger among those
with above-median than those with below-median financial literacy in both the beer-on-the-beach (d = 0.44 vs. 0.09; F(1,
3438) = 19.03, p < .001, 1,2 = .006) and the proportional thinking scenarios (x? = 109.22 vs. 32.81; x2(1, n = 3442) = 7.10,
p = .008). These differences were more pronounced among the lower-income group (beer-on-the-beach: d = 0.50 vs. 0.03;
F(1, 1716) = 18.91, p < .001, 5y = .011; proportional thinking: x? = 48.95 vs. 18.14; x?(1, n = 1720) = 5.11, p = .024) than
among the higher-income group (beer-on-the-beach: d = 0.39 vs. 0.20; F(1, 1718) = 2.24, p = .134, n,? = .001; proportional
thinking: x2 = 50.50 vs. 14.97; x2(1, n = 1722) = 2.01, p = .157).

4. Discussion

We tested whether scarcity framed value during the COVID-19 pandemic. Although context effects tended to decrease
with the scarcity of personal income as in the original studies of Shah et al. (2015), our hypothesis tests failed to find clear
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Fig. 2. Willingness to pay (WTP) in the beer-on-the-beach scenario (left panels) and willingness to travel (WTT) in the proportional thinking scenario
(right panels) across the experimental conditions compared between low and high groups found by splitting the sample at the medians of (a) financial
concerns scores, (b) COVID-19 scarcity and health threat perceptions scores, and (c) financial literacy scores in the analysis sample excluding outliers. Error
bars indicate 95% confidence intervals.

statistical evidence that resource scarcity, as operationalized by personal income, improved economic valuations amidst the
pandemic. However, our preregistered exploratory tests revealed that context effects were weaker when scarcity was cogni-
tively salient. Specifically, participants with higher financial concerns and COVID-19-related resource scarcity threat percep-
tions made better economic valuations, especially if they were in the low-income group. These results not only confirm but
also extend the original hypothesis by showing that scarcity frames value in particular when it is cognitively salient.

4.1. Implications

The concept of scarcity is foundational to modern economic science, often defined as the study of the efficient use of
scarce resources (Robbins, 1932). Despite the close theoretical link between resource scarcity and economic theory, the psy-
chology of scarcity remains relatively neglected in economics. However, an emerging literature in behavioral and psychologi-
cal sciences shows that resource scarcity can profoundly affect decision-making by creating a “scarcity mindset” (Isler, 2020;
Mullainathan & Shafir, 2013).

On the one hand, resource scarcity can worsen financial decision-making by taxing cognitive resources (Mani et al., 2013),
for example, increasing overborrowing among the poor due to attentional neglect about future outcomes (Shah et al., 2012).
On the other hand, scarcity can increase the efficiency of resource use by allowing a focus on current and more pressing
needs. For example, scarcity can focus the mind on how to make ends meet, thereby decreasing the influence of normatively
irrelevant contextual features (Shah et al., 2015). Hence, the accuracy of rational choice theories in describing actual human
behavior depends on their ability to incorporate these contrasting effects of scarcity on the psychology of value.

In this study, we focused on the latter, efficiency-improving effects of resource scarcity. Shah et al. (2015) showed that
lower-income participants tend to form more stable economic valuations across normatively irrelevant variations in the
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decision contexts of the beer-on-the-beach and proportional thinking scenarios compared with higher-income participants,
for example, offering more consistent prices for a beer bought from a fancy resort hotel than a beer bought from a run-
down grocery store. Although our comparisons of high- vs. low-income participants revealed trends generally in the same
direction as the original findings, the effect sizes were smaller and not statistically significant.

However, our preregistered exploratory analyses revealed that rather than merely the objective features of resource
scarcity, such as personal income, it is the cognitively salient aspects of resource scarcity at the moment of decision-making
that frame value. At first, this might seem like a straightforward result: the effect of resource scarcity on individual be-
havior must involve the perception of this scarcity. However, similar levels of actual resource scarcity can be perceived
very differently at the moment of decision-making, which can influence openness to context effects. A similar finding is
reported by Isler et al. (2020) regarding the difference between objective and subjective health threats: hospital patients
categorized by medical experts as being at high-risk of influenza-related illnesses were more likely to get vaccinated, but
only if they perceived themselves to be at high-risk. The cognitively salient aspects of the decision-making context will
vary across studies. In the present study, susceptibility to context effects was significantly weaker among those with higher
financial concerns and COVID-19-related scarcity and health threat perceptions. In this sense, our study supports and ex-
tends the original hypothesis by introducing a critical contextual moderator (i.e., perceptions of resource scarcity) in framing
value.

This contribution highlights how replication studies can benefit from corresponding with the authors of the original
study prior to data collection. Their feedback not only allowed us to identify the studies in the original article critical for
hypothesis testing but also allowed them to voice and, in a sense, preregister their concerns regarding the potential influence
of the COVID-19 pandemic. Indeed, despite waiting until the late stages of the pandemic (March 2022) for data collection,
COVID-19-related resource scarcity and health threat perceptions influenced participants’ openness to the influence of con-
text effects in important ways.

Relatedly, we also recommend consideration of potentially significant contextual differences between the original and
the replication studies prior to data collection so that these features of the decision context can be measured and taken
into account (e.g., via relevant survey measures and statistical tests). Changes in threat perceptions (e.g., due to pandemics,
wars, economic crises) can significantly affect human behavior (Van Bavel et al., 2020). These perception measures can also
provide new insights into replication attempts, as they did in our case.

Our preregistered exploratory analyses also suggested a moderating role for financial literacy, but its direction was op-
posite to our initial expectations. Because financial literacy is associated with cognitive reflection and avoidance of errors in
financial decisions (Isler et al., 2022), we predicted that economic valuations would be more consistent among those with
higher financial literacy, but the observed association was negative. In any case, such surface associations can be misleading
because other, more influential, moderators could be driving the results despite increases in financial literacy. In particular,
financial literacy was positively associated with personal income (r = .23, p < .001) and negatively associated with financial
concerns (r = -.15, p < .001) and COVID-19 threat perceptions (r = -.15, p < .001). Likewise, this finding is compatible with
the argument that, although most well-established cognitive biases (e.g., confirmation bias, base-rate neglect, etc.) increase
with spontaneous decisions, in some situations (e.g., experience formed with regular and accurate feedback), heuristics can
improve performance (Gigerenzer, 2008; Isler & Yilmaz, 2019). It can be that those low on financial literacy rely on heuristics
that allow higher consistency across contexts—a possibility that can be further examined.

4.2. Limitations and Future Directions

The present study, like the original studies of Shah et al. (2015), is limited by its correlational design, which prevents clear
causal inference. Despite its important implications for the science of economics, causal tests of the hypothesis that scarcity
frames value have been lacking (for an exception regarding the effects of time scarcity, see Study 6 in Shah et al., 2015).
Future studies should experimentally test this hypothesis by manipulating resource scarcity or, as our novel findings suggest,
by manipulating its cognitive saliency. Similarly, the cross-cultural stability of this effect remains relatively unknown. The
original studies as well as ours are restricted to Western, educated, industrialized, rich and democratic (i.e., WEIRD) samples
(Henrich et al., 2010), and replications in different cultural contexts are needed before making generalizations about the
underlying hypothesis.

4.3. Conclusion

The hypothesis that scarcity frames value is critical for economics and other behavioral sciences. While a standard ap-
proach has been to posit that individual perceptions of economic value are stable, Shah et al. (2015) showed that resource
scarcity can affect economic valuations. Our findings further qualify this boundary condition by suggesting that scarcity
frames value, in particular, when it is cognitively salient. Future research on this hypothesis can help reconcile some of the
inconsistencies between the normative predictions of rational choice theories and actual human behavior.
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Data availability

The experimental materials are available in the Supplementary Information, and the dataset and the analysis code are
available at the OSF project site (https://osf.io/kdfjn/).

Supplementary materials

Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.jebo.2023.02.019.
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