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A B S T R A C T

The form of the Allais paradox known as the common ratio effect (CRE) is a violation of deterministic expected 
utility theory that has been widely replicated with monetary outcomes. Its robustness has stimulated the 
development of numerous alternative models of risky choice. However, much less is known about the prevalence 
of the CRE in decisions involving non-monetary outcomes. We conduct a controlled laboratory comparison of the 
CRE for money versus consumer goods. The CRE is very strong with money, but largely disappears for goods, 
primarily as a result of differences in risk attitudes between goods and money. We caution against assuming that 
findings from experiments involving monetary lotteries will reliably generalise to other types of consequences.

1. Introduction

In most experimental research in decision theory, the objects of 
choice are lotteries with monetary consequences. Many theories assume 
that consequences of all kinds can be mapped onto some index of sub
jective value, implying that behaviour involving monetary conse
quences generalises to the world at large. We test the validity of this 
assumption using the common ratio effect (CRE; Allais, 1953; Kahneman 
and Tversky, 1979), a highly robust behavioural pattern incompatible 
with deterministic Expected Utility Theory (EUT). Does the CRE survive 
when the outcomes are non-monetary consumer goods? If not, we must 
question the generality of results obtained using monetary outcomes in 
experimental tests.

A typical format for the CRE involves two pairs comprising a 
comparatively safe (S) and a comparatively risky (R) prospect, with 
consequences h, l and 0 such that u(h) > u(l) > u(0) = 0, and a constant 
ratio of the probabilities of the non-zero outcomes across the prospect 
pairs. 

‘Scaled − up’ pair : Su = (l,1) vs. Ru = (h, 0.8)

‘Scaled − down’ pair : Sd = (l,0.25) vs. Rd = (h,0.2)

According to EUT, someone who chooses Ru (Su) over Su (Ru) should 

also choose Rd (Sd) over Sd (Rd). However, in numerous studies (see the 
meta-review by Blavatskyy et al., 2023) many people choose Su over Ru 
but choose Rd over Sd. The opposite violation – choosing Ru and Sd – is 
relatively rare. This asymmetry is the CRE.

Some early CRE evidence suggested that the effect might extend to 
cases involving non-monetary consequences. Kahneman and Tversky 
(1979) found the CRE with questions that involved (hypothetical) 
vacation options. Keller (1985) found it when the (hypothetical) con
sequences were Porsche and Volkswagen cars. To investigate this issue 
more rigorously, we report an incentivised experiment that compares 
monetary and non-monetary outcomes of equal value.

2. Experimental design

We posed five sets of questions. Each set involved a choice between a 
scaled-up pair Su and Ru, and a choice between a scaled-down pair Sd and 
Rd with probabilities as defined above.

The Baseline sets used l = £30 and h = £40, seeking to replicate the 
standard CRE. In the Related Objects set, l and h were two alarm clocks 
with different features, and in the Related Money Equivalents set, those 
two clocks were replaced by the respondent’s money values for them, 
elicited by the procedure described shortly. In the Unrelated Objects set, l 
and h were two objects chosen from a broader set of harder-to-compare 
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goods (e.g. a toaster and an airbed). In the Unrelated Money Equivalents 
set, each object was replaced by the participant’s money equivalent for 
it. The resulting ten choices were scattered amongst other unrelated 
choice pairs. All pairs were presented as in Fig. 1.1 This design aims to 
make controlled comparisons across different consequences of identical 
subjective value. Under such conditions, if the CRE is observed for 
money but not for goods, the difference must be due to the nature of the 
consequences.

To establish accurate money equivalences, our fully-incentivised 
procedure had several components. First, participants were encour
aged to physically inspect the objects; they also read about their char
acteristics on their screen and printed cards, and answered questions 
about whether they already owned them and how much they would like 
to receive them. Participants then made choices between all possible 
pairwise combinations of the ten objects and three amounts of money 
(£5.25, £8.75, £19.50), which encouraged them to make comparisons 
between money and goods. Based on these choices, an algorithm con
structed a personalised provisional ranking of the ten objects and the 
three money amounts. Participants were invited to adjust the ranking to 
best represent their preferences. Once the ranking was confirmed, par
ticipants assigned a money equivalent to each item by dragging and 
dropping its picture onto a scale that started at £0 and increased in £0.25 
intervals with no endpoint. Participants did not know that these money 
equivalents would feature in subsequent choices. (See Appendix A for 
details.)

The elicited monetary values guided our selection of goods for each 
participant in the Related and Unrelated Objects sets. To maximise 
comparability, we selected pairs of items with a personal value ratio as 

close as possible to 4:3, which is the ratio of money payoffs in the 
Baseline set. However, what is important is not the 4:3 ratio, but the 
equivalence of the value of the goods and money.

3. Results

We analyse responses from 60 University of Warwick students (67% 
female, mean age 21.75).2 Each participant received a show-up fee of £3 
plus a reward dependent on their choice in a single randomly selected 
question.

For each question set, Fig. 2 reports the frequencies of the four 
possible choice combinations: Su&Sd and Ru&Rd (which are both 
consistent with EUT), Su&Rd (the prevalent CRE inconsistency) and 
Ru&Sd (the reverse inconsistency).

Our Baseline question replicates the usual CRE pattern: the Su&Rd 
inconsistency is much more frequent (n = 23) than the opposite Ru&Sd, 
(n = 5) (compare the dashed sections of the first bar). The other sets 
reveal two clear patterns. First, the CRE is always strong with monetary 
consequences, even though they may not have value ratios of precisely 
4:3. For Related Money Equivalents, the ratio between Su&Rd and Ru&Sd 
is 19:2, and for Unrelated Money Equivalents it is 30:4. Second, this 
asymmetry is much less pronounced for non-monetary consequences: 
14:6 and 9:4 for the Related Objects and Unrelated Objects respectively.

The difference between money and objects is largely due to the 
different patterns of responses to the scaled-up questions, which suggest 
more risk aversion for money than for objects. For both Related (χ2p =
0.0016) and Unrelated Objects (p = 0.0133), the Su:Ru ratios are 
significantly different from those in their Money Equivalent counter

parts (compare the grey and white sections of the relevant bars). With 
money, a clear majority favour the safer lottery; whereas with goods, the 

Fig. 1. Example of a scaled-up CRE question in the Related Objects set. 
Note: Participants chose between prospect A (left) and prospect B (right), indicating their degree of confidence. Whether A was the safer or riskier prospect 
was randomised.

1 For consistency with the response scale used in other questions in the larger 
study in which the CRE questions were embedded, participants also indicated 
their degree of confidence in their choices. For present purposes, we only 
consider which option was chosen. Further information about the degree of 
confidence data is in Appendix B.

2 Since the cost of some of the objects was substantial, this limited the size of 
the sample. Data available at: https://osf.io/nwq5c/files/osfstorage/66aa4 
227af3f209c9aa1b50e.
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choices between Su and Ru are split approximately evenly.3 Overall, with 
fewer safe choices in the scaled-up pairs involving objects, there is less 
potential for the CRE to occur.

Data collected via other choices faced by our participants4 also 
display a greater prevalence of safer choices with monetary than non- 
monetary consequences. These data were in the form of probability 
equivalents, defined as follows. Consider any two goods X and Y with 
money equivalents ME(X) > ME(Y) > 0. Construct a risky prospect of
fering the most favored outcome with probability p* and 0 with prob
ability (1 – p*). Under standard assumptions, there is some p* such that 
an individual is indifferent between receiving that risky prospect or 
receiving the intermediate outcome for certain. That p* is the proba
bility equivalent. Other things being equal, the more risk averse the 
individual, the higher is p*.

We elicited participants’ probability equivalents for eight lotteries 
with different outcomes: two pairs of Related Objects, two pairs of Un
related Objects, and their respective money equivalents (see details in 
Appendix C). We found that individuals exhibited greater risk aversion 
with money: cases where the p* for the money equivalents (p∗ME) 
exceeded the p* for the corresponding objects (p∗O) were significantly 
more frequent than the reverse, with a binomial test rejecting the null 
hypothesis of equal frequency between p∗O > p∗ME and p∗O < p∗ME at the 
10% level of significance in every case and at the 5% level in three out of 
four cases: see Table 1.

4. Discussion

Our experiment was prompted by the concern that one of the 
seemingly most robust anomalies in choice under risk might not occur 
when the consequences of the lotteries are non-monetary. Do people 
process non-monetary choices differently, challenging the external val
idity of money as the appropriate experimental payoff to test models of 
decision making in the world at large? Our results add to recent evidence 
that this could be the case.

In the context of risky choices, DeJarnette (2017) observed that 
people exhibited substantially less risk aversion in choices involving 
goods than in comparable choices involving money (in the form of 
Amazon.com credit). More broadly, growing evidence suggests that risk 
aversion is stronger when outcomes are more easily compared. 
Schneider et al. (2020) compared risk taking with a single type of snack 
vs. snacks from different categories and found that participants chose 
the safe option more often in the former case. Read et al. (2023) reported 

Fig. 2. Choice patterns by question set. 
Note: Grey (white) background denotes an Su (Ru) choice in the scaled-up pair. Dashed sections denote EUT-inconsistent choice patterns. Numbers in each section are 
frequencies (N = 60).

Table 1 
Evidence of greater risk aversion for money.

Number of cases Binomial test p-value

p∗O > p∗ME p∗O = p∗ME p∗O < p∗ME

Related Pair 1 14 11 33 0.0079
Related Pair 2 16 7 35 0.0110
Unrelated Pair 1 17 10 31 0.0595
Unrelated Pair 2 15 8 35 0.0066

Note: Numbers of cases in which the probability equivalent of the lottery 
involving an object (p∗O) was greater than, equal to or less than the probability 
equivalent of the lottery involving the object’s money equivalent (p∗ME). The last 
column shows the binomial test p-value of the null hypothesis that inequalities 
in the two directions are equally frequent.

3 This results in significant differences in the overall choice patterns: a χ2 test 
rejects the null hypothesis of no difference between choice patterns for money 
and objects in both the Related (p = 0.0137) and the Unrelated (p = 0.0005) 
cases.

4 See Arroyos-Calvera (2018).
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similar evidence, with individuals exhibiting greater implied risk aver
sion (as well as steeper time discounting) when trade-offs involved 
identical goods than when those goods differed qualitatively. Since risky 
choices for monetary lotteries involve outcomes that only vary in 
magnitude and not in other ways, this is in line with the difference we 
observe between money and objects in the CRE.

These findings suggest that the way people process different kinds of 
consequences may have important implications for decision making. 
EUT and many of the alternative models that have been proposed to 
explain robust anomalies such as the CRE assume that assigning a utility 
or a subjective value to each consequence of alternative courses of action 
results in choices that are independent of the various contextual features 
of the decisions facing individuals. This idea is a neat theoretical 
abstraction that has the advantage of greatly simplifying the analysis of 
decisions, but it is one that may omit important features of the ways that 
decisions are made in reality.

The growing evidence that differences between outcome character
istics may systematically affect risk attitudes calls for an investigation of 
plausible mechanisms. For instance, it may be that different conse
quences affect the noisiness of decisions, reducing the prevalence of 
either safe or risky choices. Alternatively, as suggested by Arroyo
s-Calvera et al. (2018), when the outcomes of risky prospects differ more 
in terms of characteristics, less attention may be paid to probabilities, 
resulting in lower risk sensitivity compared to choices between options 
where the degree of risk is more prominent, an account consistent with 
the attentional dilution effect proposed by Read et al. (2023).

More generally, there is great scope for further investigations of 
preferences using stimuli that reflect the complexity of real-world de
cisions more adequately than can be achieved with simple monetary 
lotteries. Such studies may stimulate the development of models of how 
economic agents approach their choices in a world where attention and 
the processing of multi-attribute options may play a greater role than 
standard models assume.
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