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Contextual features inﬂuence human and non-human decision making, giving
rise to preference reversals. Decades of research have documented the species
and situations in which these effects are observed. More recently, however,
researchers have focused on boundary conditions, that is, settings in which
established effects disappear or reverse. This work is scattered across academic
disciplines and some results appear to contradict each other. We synthesize
recent ﬁndings and resolve apparent contradictions by considering them in
terms of three core categories of decision context: spatial arrangement, attribute
concreteness, and deliberation time. We suggest that these categories could be
understood using theories of choice representation, which specify how context
shapes the information over which deliberation processes operate.

Highlights
The study of how the composition of
choice sets affects choices has been a
thriving research topic for many years
now. Among the many different context
effects, the three main ones, attraction,
compromise, and similarity effects, have
been demonstrated across a wide variety of settings and species.
Research in recent years has shown that
a variety of simple, seemingly irrelevant
changes in the experimental setting can
make each of the three main context effects disappear or even reverse. None
of these effects seems to be compatible
with existing theoretical approaches, or
with each other, for that matter. Empirical
research has far outpaced theoretical
development.

Context effect research in conﬂict
Imagine a person who chooses an expensive but lightweight bike over a heavier, cheaper one.
How will the same person decide when faced with a large variety of bikes and not only two?
The common assumption that there exists a ﬁxed mapping between each choice option and a
latent utility governing choices is violated in many situations. Instead, preferences are constructed
based on the speciﬁc circumstances and set of available alternatives, resulting in context effects
(see Glossary). For several decades, research on context effects had involved the discovery and
analysis of new effects. This approach has recently hit a hard boundary as an increasing number
of studies are casting doubt on the robustness, generality, and even the direction of major context
effects. To date, a theory that is able to integrate these contradictory ﬁndings is missing.
We review prominent studies that challenge traditional context effect research and provide a
system to categorize conﬂicting ﬁndings. Additionally, we argue that past theory development
has overlooked an important aspect of the decision: the representation of choice options. We
suggest that a theory of representation has the potential to account for many unexplained
empirical ﬁndings. To guide future empirical research and theoretical development, we summarize
key properties that a theory of representation should comprise to be able to synthesize context
effect research.

The inﬂuence of context on decision making
Humans, non-human primates, and other animals are systematically inﬂuenced by contextual
features, from low-level processes such as perception and attention to high-level ones such as
decision making. Within the area of decision making, the social and biological sciences have
been particularly interested in how the composition of the choice set affects preferences, giving
rise to multi-alternative, multi-attribute context effects. For example, a target option appears
more desirable if it is presented together with a decoy option that is substantially worse than
this target (but not other options): a so-called attraction effect [1]. Context effects have gained
popularity across disciplines as they tackle fundamental questions, such as whether human
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decision making complies with normative theories, how information is processed and choices are
made, and how the brain represents decision variables such as value or utility.
As the term ‘multi-alternative, multi-attribute’ suggests, context effects usually involve more than
two choice options that are each described on more than one attribute or dimension. In the most
common case, individuals face a decision between three options described by two attributes,
such as the choice between three road bikes that are equivalent except for their weights and
prices. In the case of the attraction effect, two of the bikes would trade off weight and price,
whereas the third would be heavier or costlier than one of the other options without compensating for it on the second dimension. Figure 1A (Key ﬁgure) depicts a 2D space in which the attraction effect and two other prominent context effects can be represented: the similarity effect [2]
and the compromise effect [3]. According to the former, a nondominated similar option leads to
a higher choice proportion for the dissimilar option and, according to the latter, an extreme option
increases another option’s choice proportion by making it a compromise.

The vast but disconnected research on context effects
After numerous reports about species and situations in which context effects arise, from slime
mold [4], frogs [5], honey bees [6], cats [7], monkeys [8], to various settings with human decision
makers (e.g., [9–16]) and demonstrations outside the laboratory such as in online markets [17],
research in the past few years has increasingly been characterized by cautionary ﬁndings that
showed the boundary conditions of context effects (e.g., [18–22]). For example, research in
both perceptual and preferential decision making has found that simply rearranging the information on-screen can make the major three context effects disappear or reverse [15,19,23].
Reports such as these are scattered throughout different ﬁelds, sometimes contradicting each
other. Thus, a coherent synthesis (or even categorization) of context effects and their boundary
conditions is currently missing. The present work aims to close this gap and to channel the vast
but largely uncoordinated research efforts on context effects in decision making into a principled
and theory-driven agenda. In what follows, we introduce the three non-mutually exclusive categories ‘spatial arrangement’ (illustrated in Figure 1B), ‘attribute concreteness’ (illustrated in Figure 1C),
and ‘deliberation time’ (illustrated in Figure 1D), that are useful to classify how recent important
studies have manipulated task features and demonstrated reversals of context effects.
We argue that existing cognitive and neuroscientiﬁc theories, which attempt to explain context
effects using only the properties of the deliberation process, may not be able to account for the
full spectrum of ﬁndings (and boundary conditions) associated with context dependence.
Instead, we suggest that future theoretical work (and subsequent empirical analysis) should
examine how task features inﬂuence the representation of choice options, that is, the information
with which deliberation processes operate. More speciﬁcally, we propose that taking the
precision of this representation into account can tie together the puzzling ﬁndings from the
three categories and we provide a sketch of how such a theory could look like.

Spatial arrangement
There are many different ways of presenting information. When choice-relevant information is explicit and comprises of multiple attributes and options, it is often shown in a tabular format. Within
this format, it is possible to present the options as separate rows and the attributes as columns or
vice versa (top panels of Figure 1B). Indeed, both formats are used frequently, mainly determined
by the number of relevant alternatives and attributes. If there are many options that differ (or are
summarized) on few attributes, options are typically presented as separate rows. In the reverse
case, with few options deﬁned on many attributes, attributes are mostly presented in rows and
2
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Glossary
Attraction effect: a context effect
according to which a choice option that
is clearly inferior to one other option
increases the choice share of this
superior option at the expense of other
options.
Compromise effect: a context effect
according to which an extreme option
that makes one other option appearing
as a compromise increases the choice
share of this compromise option at the
expense of other options.
Context effects: systematic changes
in choice behavior depending on the
composition of the choice set.
Decoy: the option that is speciﬁcally
arranged within a choice set in order to
increase the choice share of the target
option.
Perceptual choice: tasks in which an
objectively correct state of the world
both exists and has to be inferred from
the provided input.
Phantom-decoy effect: a context
effect in which the decoy is not available
for choice (i.e., a phantom) but
nevertheless has an effect on individuals’
choices. The exact effect exerted by the
phantom decoy depends on various
factors such as when the unavailability of
the decoy is communicated to the
decision maker.
Preferential choice: tasks in which
individuals choose according to their
latent (i.e., for the experimenter
unobservable) preferences. Adherence
to normative principles is typically
assessed using consistency across
trials.
Process-tracing: a set of techniques
such as eye tracking or mouse tracking
that allow quantifying decisions as they
emerge rather than just measuring their
outputs in the form of choice proportions
or response times.
Similarity effect: a context effect
according to which an option that is
similar (but not clearly inferior or superior)
to one other option draws away choices
from this similar option at the advantage
of other options.
Target: the option within a choice set
whose choice share is expected to
increase within a given context.
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Key Figure

Context effects and their dependence on three categories
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Figure 1. (A) Placement of the big three context effects in a 2D attribute space. Bikes A and B are characterized by two
attributes, weight and price, and are presented together with one of the other bikes. The other bikes are designed to
increase B’s choice share relative to A, resulting in an attraction effect (Bike D), a compromise effect (Bike C), or a similarity
effect (Bike S). (B) Top: two different spatial arrangements in a preferential task illustrating the compromise effect. Bottom:
Two different spatial arrangements in a perceptual task illustrating the attraction effect. The horizontal arrangement
produces mostly the attraction effect [15], whereas the triangular arrangement produces mostly the reversed attraction
effect [19]. (C) Two different degrees of attribute concreteness illustrating the similarity effect. High concreteness (left panel)
explicitly states the properties of the options, whereas in the low concreteness condition (right panel) individuals have to
infer the properties of the stimuli (here, the potential gains and the associated probabilities are coded by the colors and
orientations of the rectangles; see also [21,86,97]). (D) Internally and externally controlled deliberation time. Under internally
controlled deliberation time, individuals decide when to make a decision and the response quantiles are analyzed. Under
externally controlled deliberation time, there is a strict response deadline. Limiting the deliberation time appears to weaken
the attraction and compromise effects but not the similarity effect [55,57,58].
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options in columns. Given that both presentation formats convey the same information, most
quantitative theoretical accounts treat the two presentation formats identically. This assumption
seems to be incorrect: spatial arrangement has a substantial inﬂuence on how context inﬂuences
choice.
A series of studies [22–24] contrasted a tabular attribute-by-option format against an option-byattribute format using standard choice sets to elicit attraction, similarity, and compromise effects.
Whenever options were presented in separate rows (Figure 1B, top left panel), attraction and
compromise effects but reversed similarity effects were found. By contrast, a format in which
options were presented in separate columns (Figure 1B, top right panel) led to similarity effects
but weak or nonsigniﬁcant attraction effects and reversed compromise effects. Put differently,
by transposing the matrix from which people extract identical information, two of the three
major context effects reverse and the third disappears almost entirely.
Spatial arrangement inﬂuences context-dependent preferences in other settings as well. In recent
years, the perceptual choice paradigm has become increasingly popular [15,19,25–29], in part
due to the existence of an objectively ‘correct’ benchmark that the preferential choice paradigm lacks by deﬁnition. Additionally, the persistence of context effects in species like frogs
and bees suggests that context dependence may be a fundamental phenomenon that extends
beyond preferential choice to perceptual choice. Context effect research has almost exclusively
focused on a task in which individuals have to identify the largest rectangle in a set of rectangles.
However, this setting is just as susceptible to spatial-arrangement effects as tabular formats in
the preferential-choice domain; The attraction effect has been found only when the stimuli
are presented on a horizontal line close to each other (Figure 1B, bottom left panel; used
in [15,19,26–28]), but it reverses entirely if the stimuli are arranged differently on-screen
(Figure 1B, bottom right panel; used in [19]). While spatial-arrangement effects are not novel
phenomena [30], prominent theories of context dependence are unable to explain why spatial
arrangement inﬂuences choice.

Attribute concreteness
A second category relates to the richness of the options’ descriptions. Broadly speaking, we
deﬁne ‘attribute concreteness’ as the degree of agreement about the attribute values across
individuals and within the same individual across different points in time. If an attribute is quantiﬁed
and presented numerically (such as the price of a product), there is very little disagreement about
the amounts of its component attributes and, therefore, attribute concreteness is very high. By
contrast, in the case of perceptual choices, for example, different observers perceive the
objective characteristics of the same stimuli slightly differently (of course, in addition to the
representation of the objective attribute amounts or perceptual quantities, preferential choices
also involve subjective value-based transformations of the amounts and quantities that may be
susceptible to other biases not discussed here). While there is consensus that concrete attribute
presentation leads to robust context effects [29,31,32], many studies using less concrete
attributes reported diverging results.
This is perhaps most pronounced in the earlier-mentioned rectangle-size task. None of
the existing studies have reported a signiﬁcant compromise effect [15,26,28]; the attraction
effect, if found, has been substantially weaker than in the preferential choice domain
[11,15,19,26–29,33]; the similarity effect has been shown to be quite strong both in the
expected direction [15,26] and in the opposite direction [28]; and the phantom-decoy effect
(an effect similar to the attraction effect in which the decoy is superior to the target but not available
for choice) has been found to reverse [34].
4
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Unsurprisingly, things do not improve when attribute concreteness interacts with individual
heterogeneity in attribute valuation, as is the case in preferential choice. For example, it has
been shown that replacing information such as ‘picture quality 5.5/10’ of a TV device with actual
pictures with varying haziness nulliﬁes the attraction effect [29]. However, this effect is not limited
to photographic depictions of attribute dimensions. Other studies have reported that context
effects in lottery decisions are mitigated if attributes are represented nonnumerically, using colors
and orientations of rectangles (Figure 1C) or using rectangle heights and widths (Figure 1B) to
represent lottery outcomes and probabilities [11,21]. That said, it is important to note that robust
attraction effects have been observed with non-numeric presentation formats [22–24,35], though
it is conceivable that spatial arrangement-based reversals of attraction effects documented in
some of these experiments will not emerge when attributes are presented numerically.
Another line of research involves experience-based choices [36,37]. In contrast to decisions from
description in which a summary of the relevant attributes is explicitly provided (e.g., $4 with a
probability of 80% or $0 otherwise), individuals making decisions from experience observe
realizations from the respective outcome distributions and thus have to infer the options’ properties.
The randomness inherent to experience-based choices leads to variability in learning dynamics
(within and across individuals), which in turn results in noisier values and, hence, lower attribute
concreteness. While lottery-based tasks have been shown to elicit context effects in the description
domain [2,10,11,38–40], these results do not seem to extend to the experience domain, at least in
the case of attraction and compromise effects. The compromise effect reverses in experiencebased settings [20] and the attraction effect is attenuated, disappears, or reverses [20,41,42].
The similarity effect is the only effect that is identical across description and experience [20]. Even
though research on differences between description- and experience-based choices has been
restricted to lottery-like options [43], attribute concreteness likely exerts a similar inﬂuence in
other domains and in doing so alters attribute-based context effects.
Things get even more complicated in situations in which choice options do not have objective and
easily discernible attributes, which is quite common in more naturalistic decision settings. One line
of research has used food snack decisions, in which individuals ﬁrst express their valuations of
different foods and then make forced choices between them (e.g., [44–47]). Unlike most multiattribute context effect experiments, researchers using this paradigm do not specify, manipulate,
or model the locations of options in a multi-attribute space (Figure 1A). Rather, it is generally
assumed that decisions depend on a single integrated value for each choice option [48]. The
question relevant to context effect research then becomes: Does the value of a non-chosen
option affect choices and, if yes, in which direction? It was found that the better the worst option
in a choice set is, the less likely people are to choose the option with the highest value among the
remaining options [49]. However, a failed replication of the original study [50] and reversals of this
effect in a similar setting [51] cast doubt on whether choices that are based on integrated value
representations reliably lead to context effects (but see [52,53] for an ongoing debate). Attempts
with other naturalistic stimuli (e.g., movies) also failed to ﬁnd robust context effects [29,54].

Deliberation time
Externally controlled deliberation time
The time course of decision making has been of core interest to the cognitive sciences for several
decades now. Surprisingly, only few studies on context effects have explicitly investigated how
deliberation time, externally controlled by an experimentally imposed response deadline
(illustrated in Figure 1D, left panel) or internally controlled (individuals decide themselves when
they make a decision; illustrated in Figure 1D, right panel), affects the occurrence and the strength
of context effects. An early test [55] reported that limiting externally controlled deliberation time
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reduced the preference for the compromise option. Along the same lines, more deliberation time
increased the magnitude of attraction [56,57] and compromise effects [57]. Very high time
pressure (1.5 s) in conjunction with a task of low attribute concreteness (Figure 1C, right panel)
effectively eliminates the attraction and phantom-decoy effects [21]. By contrast, similarity effects
occur even when individuals have only 250 ms to make a decision and become stronger with
deliberation time [58] and occur in complex tasks of low attribute concreteness even under
time pressure [59]. These results suggest that the similarity effect might be distinct from compromise and attraction effects, in line with a consistent pattern of the co-occurrence of the three big
context effects across individuals: attraction and compromise effects tend to co-occur while at
the same time inhibiting similarity effects [14,18,24,26,60].
Internally controlled deliberation time
Under externally controlled deliberation time, the evidence unequivocally suggests that context
effects become stronger the more deliberation time individuals have. The picture looks different
under internally controlled deliberation time, that is, when looking at choices based on how
quickly the person decided to terminate the deliberation process to initiate an action. The
standard approach to analyzing behavior in this setting is to split up the choice response times
into different quantiles within each person and see how the choices vary as a function of quantile
(illustrated in Figure 1D, right panel). The most comprehensive study so far [24] relied on a
combination of previously published [15,23,28,61] and new data.
Across eight different experiments [24], the attraction effect became stronger with time, consistent with ﬁndings involving external time pressure. This pattern emerged mainly due to a reduced
tendency to choose the competitor over time. Thus, the attraction effect observed on the
aggregate level is a mixture of the reversed attraction effect in very fast decisions and the standard
attraction effect in slower decisions. A qualitatively similar pattern was observed for the compromise effect with a later onset of the effect. Strikingly, the time-course of the similarity effect had
exactly the opposite pattern: decision makers started the deliberation process showing a
similarity effect, which developed over time into a reversed similarity effect. It is noteworthy that
the table-transposition effects discussed earlier (see ‘Spatial arrangement’) inﬂuenced only the
overall choice tendencies, but not their temporal development, suggesting that these two
inﬂuences are independent from each other. The trends were qualitatively similar but heavily
attenuated and substantially noisier in the nonpreferential-choice domain (spanning inference
and perceptual tasks). In summary, attraction and compromise effects are affected by internal
time pressure in a qualitatively similar way to external time pressure, whereas the similarity effect
develops in the exact opposite direction.

A question of representation
The past two decades have seen the development of numerous quantitative cognitive and
neurocognitive theories that explain the emergence of the attraction, compromise, and similarity
effects, as well as other context effects (e.g., [10,58,62–67]). These theories are primarily theories
of the deliberation process, which take the multi-attribute representations of options as given,
specify a set of information sampling, valuation, and integration processes that operate over
these representations, and predict how adding or removing certain options from the choice
set alters evolving preferences and reverses choice (for an overview, see [68]).
As accounts of the deliberation process, these theories are incredibly useful. After all, they have
been successful in explaining choices and response times in various studies that found the
classical context effects [28,69]. However, a deliberation process by itself cannot easily explain
transposition effects, or differences between perceptual, preferential, and experience-based
6
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choice tasks. Additionally, although existing theories predict some simple deliberation time effects
([58,62,64]), they do not make an explicit distinction between internal and external control and
cannot always predict how these effects reverse as a function of deliberation time.
We suggest that the boundary conditions summarized in this work could instead be understood
in terms of how decision makers represent the underlying choice problem, that is, how the structure of the choice task determines the information about the choice options that is perceived,
stored, and used in people’s minds. In particular, it is conceivable that spatial rearrangement,
reduced attribute concreteness, and high time pressure make it difﬁcult for decision makers to
obtain a rich and accurate representation that corresponds to the ‘true’ underlying structure of
the choice situation. A theory of representation could specify how varying these aspects of the
decision task changes the underlying representation of the options and indirectly inﬂuences preferences and choices. Importantly, such a theory of representation does not contradict existing
theories of deliberation (e.g., [10,58,62–67]) but could be combined with them. That is, these
theories could operate on (potentially inaccurate) representations where the attentional mechanisms
proposed by some of these theories are used to form and reﬁne the representations.
An outline of a representational theory
Although we are not proposing a speciﬁc representational theory in this article, the ﬁndings
summarized in the preceding sections indicate a set of properties that such a theory needs to
possess. Firstly, it must explain why attraction and compromise effects often co-occur and
disappear or reverse together as spatial arrangement, attribute concreteness, and deliberation
time are varied. Similarly, a representational theory must explain why the similarity effect is
inﬂuenced in opposing ways and why it is more robust than the attraction and compromise
effects. The similarity effect arises even among the fastest decisions, under high time pressure,
and with options that have highly abstract attributes, whereas attraction and compromise effects
take some time to develop, disappear under high time pressure, and are easiest to elicit with
concrete, unambiguous attributes. Such an explanation could be linked to some preliminary
suggestions in existing theories of decision making [62–64], which propose that similarity effects
emerge naturally as attention ﬂuctuates over choice attributes, whereas attraction and compromise effects emerge from the explicit comparison of attribute values and option preferences. It
is possible that the latter are sensitive to task variables and associated representational structures
and are thus both more susceptible to inﬂuences of the categories discussed here than the
similarity effect (as well as positively correlated with each other).
A theory of representation that provides the foundation for deliberation theories to operate on has
to be dynamic. In other words, it needs to develop as the choice unfolds. Such an approach has a
long tradition in the cognitive sciences (e.g., [70–73]) and lies at the core of many existing context
effect theories. However, this dynamic representation development would not track the deliberation process but rather the encoding of the options’ attributes (e.g., using multivariate Gaussian
distributions; illustrated in Figure 2). The assumption is that decision makers try to make sense of
what options are available and how they are related to each other, which itself could be formalized
as dynamic accumulation processes. Over the time course of a decision, this representation converges to the true state of the world and the uncertainty of the representation reduces. Whenever
this uncertainty is (still) high (Figure 2A), it is difﬁcult to detect dominance (necessary for attraction
effects, see also [32,42]) and clear attribute orderings (necessary for compromise effects),
inhibiting the respective context effects. However, the cardinal proximity of the options relative
to each other is mostly independent from the other sources of uncertainty, such that similarity
and similarity-like effects can develop earlier and be overridden as the precision of the representation of option-speciﬁc attributes increases (Figure 2B). Box 1 depicts a more technical
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Figure 2. Example of a representational account of context effects We propose that the precision of representations
is a critical determinant for the presence of different context effects. (A) In the case of short deliberation times or low attribute
concreteness, people cannot form precise representations of the options’ attributes, as reﬂected in the wide contour plots
(note that these options refer to the bike options S, A, B, D, and C in Figure 1A). Consequently, the attraction effect is
weakened because the representations are too imprecise for the detection of the dominance relationship between A and D.
Similarly, the compromise effect is weakened because B does not always appear to be a compromise between A and C.
However, the similarity effect can still occur as the dissimilar option B does not overlap with S. (B) With sufﬁciently long
deliberation times and concrete attributes, the representational precision becomes high enough so that all context effects
can occur. Although not shown here, we expect that spatial alignment would have similar effects on the precision of attribute
representations. See Box 1 for more details.

description of how representational precision could affect context effects. Finally, different spatial
arrangements can be expected to facilitate encoding of different aspects of the choice situation,
such that different sources of uncertainty reduce faster than others.
Representation and the bigger picture
A noisy and dynamic joint representation of options and attributes offers conceptual tools with
which to interpret process-tracing studies (e.g., using eye tracking; [74–78]). Eye movements
might not only track the deliberation process but also the decision makers’ attempts to reduce
the uncertainty surrounding speciﬁc components of the joint distribution of options [79–81].
Broadly speaking, the categories proposed here determine how individuals make sense of the
choice options and, consequently, which uncertainty to reduce. For example, the less obvious
it is that options are, indeed, comprised of distinct attributes (e.g., in the case of the rectanglesize task, experience-based choices, or food snack decisions) or the less time is available to
construct such a representation, the less people tend to actually try to reduce attribute uncertainty
and instead focus on other components. Similarly, if the spatial arrangement of options induces
ﬁxation patterns that prevent decision makers from gaining precise representations of all options
and their attributes, then context effects cannot be expected to occur robustly. Though beyond
the scope of the present work, this idea could be applied to a whole set of other ﬁndings in
which different sources of uncertainty within the joint distribution of representations are arguably
affected (e.g., the inﬂuence of similarity on response times [82], the presence of common attributes
without diagnostic value attributes [83,84], or overall context value [13,85–87]).
A representational theory of context dependence could draw upon the rich literature on mental
representation and reasoning in other areas of cognitive science. One particularly promising
avenue involves theories of structural alignment, which propose that object representations
involve explicit relations between attributes and that reasoning processes involve attention to
8
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Box 1. Mechanics of representational precision
The following simulations illustrate how precision could inﬂuence the decision maker’s representation of the choice set and how the emergence of perceived choice set
structures affect attraction, compromise, and similarity effects. We draw a single sample from the distribution of option representations (illustrated in Figure 2 in the main
text) and observe how often that sample satisﬁes the necessary conditions for the various context effects to arise. Importantly, the simulations remain agnostic to the
exact process that leads to context effects. It merely assesses whether the necessary conditions are fulﬁlled or not (hence, it is possible that the conditions for none
and up to two context effects are satisﬁed at the same time).
The probability that a sample from the options’ representation distributions satisﬁes the necessary conditions for each of the context effects in the three choice sets is
depicted in Figure I. In a setting with an attraction-effect decoy (choice set {A, B, D}), a high degree of precision will help the decision maker correctly identify the underlying asymmetric dominance relationship in the choice set. In other words, a sample from the distribution of A is likely to be better on both attributes than a sample from
D, which is not the case for B. Low precision, however, will frequently distort attribute orderings and the decision maker is less likely to correctly identify dominance.
Rather, the decision maker will be more likely to perceive a similarity structure (i.e., a sample from D is more similar to a sample from A than from B), reversing the attraction effect. Likewise, in settings with a compromise decoy (choice set {A, B, C}), a high degree of precision will help the decision maker to correctly identify the compromise relationship (i.e., the rank order is C > B > A on one attribute and A > B > C on the other one). A low degree of precision will lead to incorrect inferences and the
compromise effect will often be overlapped by a similarity effect. Importantly, there is no pronounced effect of precision on the similarity effect (choice set {A, B, S}): regardless of precision, the decision maker will almost always be more likely to consider a sample from S to be more similar to a sample from A than from B. Only under
extremely high levels of precision, the similarity effect could turn into a compromise effect as option A becomes more and more distinct from S and appears as a compromise between S and B.

Trends in Cognitive Sciences

Figure I. Effect of representational precision on context effects.

the commonalities and differences of relations [88]. For example, an option-by-attribute presentation format would likely make the features of choice options (e.g., the weights of bicycles) more
alignable, which could facilitate their comparison and make dominance relations more apparent.
Structural alignment theories have already been successfully applied to choice behavior [89,90]
and it is possible that they could be further developed to explain reversals of context effects,
particularly those generated by spatial rearrangement.
Empirical predictions and limitations
A theory of context effects that is based on representational precision makes speciﬁc predictions
about how representation and the objective characteristics of the choice options interact with
each other. Essentially, representational precision can be interpreted as the distances and
degrees of overlap between the options in the mental attribute space, where a low precision
can be compensated for by a larger objective distance. This prediction seems to be generally
supported by existing manipulations of the objective distances in the attribute space in attraction
effect choice sets ([10,19,60]; but see [91]). Along the same lines, whenever the decoy is chosen
in situations in which it is only slightly worse than the target, it comes at the expense of the target
and not the competitor [19], suggesting that (at least on some trials) the two options cannot be
distinguished and are perceived to be equally desirable. An additional interesting prediction can
be derived for the similarity effect: if the decoy option is not at the extreme end of the parameter
Trends in Cognitive Sciences, Month 2021, Vol. xx, No. xx
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space (as typically used in the literature and illustrated here) but in between the two other options,
the decoy would become the preferred option (i.e., the compromise option) under a sufﬁciently
high level of representational precision.
Apart from these novel empirical predictions, there exist context effect phenomena that are not
covered by the three categories introduced in this piece and that would require additional
assumptions to fall within the scope of the sketch of a representational theory proposed here.
For example, it has recently been shown that a sequential (as opposed to a simultaneous)
presentation of stimuli can reverse attraction effects [33], that prior preferences determine in
which direction the decoy affects choices [13,92], that an elimination procedure (instead of direct
choices) reduces attraction effects [93,94], that context effects can be eliminated using explicit
reference points [95], or that the degree of similarity between the target and the decoy has a
non-monotonic effect on the attraction effect [96]. Moreover, only very few studies cover more
than one of the presented categories [24]. Further empirical work is needed to set the scope of
future theoretical developments and test the novel predictions of a representational account.

Concluding remarks
Context effects are ubiquitous and empirical research on context-dependence has guided the
development of theories and models across numerous academic disciplines. However, recent
ﬁndings are difﬁcult to reconcile with existing theories. These ﬁndings involve manipulations of
how options are arranged spatially, how concrete their attributes are, and how much time the
decision maker has to decide. We summarize and synthesize these ﬁndings and suggest one
approach to accommodate the observed results. We emphasize the role of representation,
that is, how individuals perceive and store the structure of the choice task in their minds. The
formation of representations takes place alongside (and even prior to) deliberation, determines
the attribute values that are evaluated and aggregated during the decision, and, crucially, is
sensitive to contextual factors like spatial arrangement, attribute concreteness, and deliberation
time. A more detailed understanding of task representation is a promising topic for future work
(see Outstanding questions) and we look forward to new theories that integrate formal models
of representation with models of deliberation processes, providing a complete account of context
dependence in decision making.
Acknowledgments
M.S.S. gratefully acknowledges ﬁnancial support from the Spanish State Research Agency (AEI) through the Severo Ochoa
Programme for Centres of Excellence in R&D (CEX2019–000915–S), the Spanish Ministry of Economic Affairs and Digital
Transformation (MINECO) through the Juan de la Cierva fellowship (FJC2019–040970–I), the Spanish Ministry of Science
and Innovation (MICINN; project PID2019–105249GB–I00), and the BBVA Foundation (project G999088Q). S.B. acknowledges support from the National Science Foundation (SES–1847794). S.G. acknowledges support from the European
Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme (Grant agreement
No. 948545).

Declaration of interests
No interests are declared.

References
1.

2.
3.

10

Huber, J. et al. (1982) Adding asymmetrically dominated alternatives:
violations of regularity and the similarity hypothesis. J. Consum. Res.
9, 90–98
Tversky, A. (1972) Elimination by aspects: a theory of choice.
Psychol. Rev. 79, 281–299
Simonson, I. (1989) Choice based on reasons: the case of
attraction and compromise effects. J. Consum. Res. 16,
158–174

Trends in Cognitive Sciences, Month 2021, Vol. xx, No. xx

4.

5.
6.

Latty, T. and Beekman, M. (2011) Irrational decision-making in
an amoeboid organism: transitivity and context-dependent
preferences. Proc. R. Soc. B Biol. Sci. 278, 307–312
Lea, A. and Ryan, M. (2015) Irrationality in mate choice revealed
by túngara frogs. Science 349, 964–966
Tan, K. et al. (2015) Phantom alternatives inﬂuence food preferences in the eastern honeybee Apis cerana. J. Anim. Ecol. 84,
509–517

Outstanding questions
Is it possible to unite the existing
empirical ﬁndings under the umbrella
of a single theoretical account?
Current approaches that rely solely on
the deliberation process seem to have
reached a dead end, with an
increasing number of ﬁndings that they
are unable to account for.
What are the mechanisms underlying
effects of spatial rearrangement?
There are substantial changes in
behavior that are incompatible with
current theories since the properties of
the options do not change. Systematic
applications of process-tracing techniques such as eye-tracking should
provide critical insights.
How do people represent complex,
abstract stimuli such as food snacks
or other nonstylized realistic stimuli?
Do people abstract speciﬁc attributes
and, if yes, which ones? How do
individuals adapt their strategies under
time pressure and how can we explain
the differences between time pressure
they impose upon themselves and
time pressure that is imposed from
outside?

Trends in Cognitive Sciences

7.
8.

9.

10.

11.
12.

13.

14.

15.

16.
17.

18.
19.

20.

21.
22.
23.

24.
25.

26.

27.
28.

29.
30.
31.

32.
33.

34.

35.

Scarpi, D. (2011) The impact of phantom decoys on choices in
cats. Anim. Cogn. 14, 127–136
Parrish, A. et al. (2015) Rhesus macaques (Macaca mulatta)
exhibit the decoy effect in a perceptual discrimination task.
Atten. Percept. Psychophys. 77, 1715–1725
Herne, K. (1997) Decoy alternatives in policy choices: asymmetric domination and compromise effects. Eur. J. Polit. Econ. 13,
575–589
Soltani, A. et al. (2012) A range-normalization model of contextdependent choice: a new model and evidence. PLoS Comput.
Biol. 8, 1–15
Farmer, G. et al. (2017) The effect of expected value on attraction
effect preference reversals. J. Behav. Decis. Mak. 30, 785–793
Gluth, S. et al. (2017) The attraction effect modulates reward
prediction errors and intertemporal choices. J. Neurosci. 37,
371–382
Evangelidis, I. et al. (2018) The asymmetric impact of context on
advantaged versus disadvantaged options. J. Mark. Res. 55,
239–253
Berkowitsch, N. et al. (2014) Rigorously testing multialternative
decision ﬁeld theory against random utility models. J. Exp.
Psychol. Gen. 143, 1331–1348
Trueblood, J. et al. (2013) Not just for consumers: context
effects are fundamental to decision making. Psychol. Sci. 24,
901–908
Castillo, G. (2020) The attraction effect and its explanations.
Games Econ. Behav. 119, 123–147
Wu, C. and Cosguner, K. (2020) Proﬁting from the decoy effect:
a case study of an online diamond retailer. Mark. Sci. 39,
974–995
Liew, S. et al. (2016) The appropriacy of averaging in the study of
context effects. Psychon. Bull. Rev. 23, 1639–1646
Spektor, M. et al. (2018) When the good looks bad: an experimental exploration of the repulsion effect. Psychol. Sci. 29,
1309–1320
Spektor, M. et al. (2019) How similarity between choice options
affects decisions from experience: the accentuation-of-differences
model. Psychol. Rev. 126, 52–88
Gluth, S. et al. (2018) Value-based attentional capture affects
multi-alternative decision making. eLife 7, 1–36
Cataldo, A. and Cohen, A. (2018) Reversing the similarity effect:
the effect of presentation format. Cognition 175, 141–156
Cataldo, A. and Cohen, A. (2019) The comparison process as an
account of variation in the attraction, compromise, and similarity
effects. Psychon. Bull. Rev. 26, 934–942
Cataldo, A. and Cohen, A. (2021) Modeling preference reversals
in context effects over time. Comput. Brain Behav. 4, 101–123
Tsetsos, K. et al. (2012) Salience driven value integration
explains decision biases and preference reversal. Proc. Natl.
Acad. Sci. U. S. A. 109, 9659–9664
Trueblood, J. et al. (2015) The fragile nature of contextual preference reversals: reply to Tsetsos, Chater, and Usher (2015).
Psychol. Rev. 122, 848–853
Zhen, S. and Yu, R. (2016) The development of the asymmetrically dominated decoy effect in young children. Sci. Rep. 6, 1–7
Turner, B. and Van Zandt, T. (2018) Approximating Bayesian inference through model simulation. Trends Cogn. Sci. 22,
826–840
Frederick, S. et al. (2014) The limits of attraction. J. Mark. Res.
51, 487–507
Kleinmuntz, D. and Schkade, D. (1993) Information displays and
decision processes. Psychol. Sci. 4, 221–227
Simonson, I. (2014) Vices and virtues of misguided replications: the case of asymmetric dominance. J. Mark. Res. 51,
514–519
Huber, J. et al. (2014) Let’s be honest about the attraction effect.
J. Mark. Res. 51, 520–525
Evans, N. et al. (2021) The impact of presentation order on
attraction and repulsion effects in decision-making. Decision 8,
36–54
Trueblood, J. and Pettibone, J. (2017) The phantom decoy
effect in perceptual decision making. J. Behav. Decis. Mak. 30,
157–167
Bhatia, S. (2014) Conﬁrmatory search and asymmetric dominance.
J. Behav. Decis. Mak. 27, 468–476

36. Barron, G. and Erev, I. (2003) Small feedback-based decisions
and their limited correspondence to description-based
decisions. J. Behav. Decis. Mak. 16, 215–233
37. Hertwig, R. et al. (2004) Decisions from experience and the effect
of rare events in risky choice. Psychol. Sci. 15, 534–539
38. Mohr, P. et al. (2017) Attraction effect in risky choice can be
explained by subjective distance between choice alternatives.
Sci. Rep. 7, 1–10
39. Herne, K. (1999) The effects of decoy gambles on individual
choice. Exp. Econ. 2, 31–40
40. Wedell, D. (1991) Distinguishing among models of contextually
induced preference reversals. J. Exp. Psychol. Learn. Mem.
Cogn. 17, 767–778
41. Ert, E. and Lejarraga, T. (2018) The effect of experience on contextdependent decisions. J. Behav. Decis. Mak. 31, 535–546
42. Hadar, L. et al. (2018) The attraction effect in experience-based
decisions. J. Behav. Decis. Mak. 31, 461–468
43. Wulff, D. et al. (2018) A meta-analytic review of two modes of
learning and the description-experience gap. Psychol. Bull.
144, 140–176
44. Krajbich, I. et al. (2010) Visual ﬁxations and the computation and
comparison of value in simple choice. Nat. Neurosci. 13,
1292–1298
45. Gluth, S. et al. (2015) Effective connectivity between hippocampus
and ventromedial prefrontal cortex controls preferential choices
from memory. Neuron 86, 1078–1090
46. Folke, T. et al. (2017) Explicit representation of conﬁdence
informs future value-based decisions. Nat. Hum. Behav. 1, 17–19
47. Polanía, R. et al. (2019) Efﬁcient coding of subjective value. Nat.
Neurosci. 22, 134–142
48. Rangel, A. (2013) Regulation of dietary choice by the decisionmaking circuitry. Nat. Neurosci. 16, 1717–1724
49. Louie, K. et al. (2013) Normalization is a general neural mechanism
for context-dependent decision making. Proc. Natl. Acad. Sci.
U. S. A. 110, 6139–6144
50. Gluth, S. et al. (2020) Value-based attention but not divisive
normalization inﬂuences decisions with multiple alternatives.
Nat. Hum. Behav. 4, 634–645
51. Chang, L. et al. (2019) Comparing value coding models of
context-dependence in social choice. J. Exp. Soc. Psychol.
85, 1–9
52. Webb, R. et al. (2020) Divisive normalization does inﬂuence
decisions with multiple alternatives. Nat. Hum. Behav. 2–4
53. Gluth, S. et al. (2020) Reply to: Divisive normalization does inﬂuence
decisions with multiple alternatives. Nat. Hum. Behav. 4, 1121–1123
54. Trendl, A. et al. (2021) A zero attraction effect in naturalistic
choice. Decision 8, 55–68
55. Dhar, R. et al. (2000) Trying hard or hardly trying: an analysis of
context effects in choice. J. Consum. Psychol. 9, 189–200
56. Marini, M. and Paglieri, F. (2019) Decoy effects in intertemporal
and probabilistic choices the role of time pressure, immediacy,
and certainty. Behav. Process. 162, 130–141
57. Pettibone, J. (2012) Testing the effect of time pressure on asymmetric dominance and compromise decoys in choice. Judgm.
Decis. Mak. 7, 513–521
58. Trueblood, J. et al. (2014) The multiattribute linear ballistic accumulator model of context effects in multialternative choice.
Psychol. Rev. 121, 179–205
59. Hunt, L. et al. (2014) Hierarchical competitions subserving multiattribute choice. Nat. Neurosci. 17, 1–14
60. Dumbalska, T. et al. (2020) A map of decoy inﬂuence in human
multialternative choice. Proc. Natl. Acad. Sci. 117, 25169–25178
61. Trueblood, J. (2012) Multialternative context effects obtained
using an inference task. Psychon. Bull. Rev. 19, 962–968
62. Roe, R. et al. (2001) Multialternative decision ﬁeld theory: a
dynamic connectionist model of decision making. Psychol.
Rev. 108, 370–392
63. Usher, M. and McClelland, J. (2004) Loss aversion and inhibition
in dynamical models of multialternative choice. Psychol. Rev.
111, 757–769
64. Bhatia, S. (2013) Associations and the accumulation of
preference. Psychol. Rev. 120, 522–543
65. Noguchi, T. and Stewart, N. (2018) Multialternative decision by
sampling: a model of decision making constrained by process
data. Psychol. Rev. 125, 512–544

Trends in Cognitive Sciences, Month 2021, Vol. xx, No. xx

11

Trends in Cognitive Sciences

66. Ronayne, D. and Brown, G. (2017) Multi-attribute decision by
sampling: an account of the attraction, compromise and similarity
effects. J. Math. Psychol. 81, 11–27
67. Li, V. et al. (2018) Gain control explains the effect of distraction in
human perceptual, cognitive, and economic decision making.
Proc. Natl. Acad. Sci. U. S. A. 115, 8825–8834
68. Busemeyer, J. et al. (2019) Cognitive and neural bases of multiattribute, multi-alternative, value-based decisions. Trends Cogn.
Sci. 23, 251–263
69. Evans, N. et al. (2019) Response-time data provide critical constraints on dynamic models of multi-alternative, multi-attribute
choice. Psychon. Bull. Rev. 26, 901–933
70. Ratcliff, R. (1978) A theory of memory retrieval. Psychol. Rev. 85,
59–108
71. Busemeyer, J. and Townsend, J. (1993) Decision ﬁeld theory: a
dynamic-cognitive approach to decision making in an uncertain
environment. Psychol. Rev. 100, 432–459
72. Usher, M. and McClelland, J. (2001) The time course of perceptual choice: the leaky, competing accumulator model. Psychol.
Rev. 108, 550–592
73. Brown, S. and Heathcote, A. (2008) The simplest complete
model of choice response time: linear ballistic accumulation.
Cogn. Psychol. 57, 153–178
74. Cohen, J. et al. (2017) Computational approaches to fMRI
analysis. Nat. Neurosci. 20, 304–313
75. Noguchi, T. and Stewart, N. (2014) In the attraction, compromise,
and similarity effects, alternatives are repeatedly compared in pairs
on single dimensions. Cognition 132, 44–56
76. Fiedler, S. and Glöckner, A. (2012) The dynamics of decision
making in risky choice: an eye-tracking analysis. Front. Psychol.
3, 1–18
77. Stewart, N. et al. (2016) Eye movements in risky choice.
J. Behav. Decis. Mak. 29, 116–136
78. Stewart, N. et al. (2016) Eye movements in strategic choice.
J. Behav. Decis. Mak. 29, 137–156
79. Callaway, F. et al. (2021) Fixation patterns in simple choice reﬂect
optimal information sampling. PLoS Comput. Biol. 17, 1–29
80. Sepulveda, P. et al. (2020) Visual attention modulates the
integration of goal-relevant evidence and not value. eLife 9,
1–58

12

Trends in Cognitive Sciences, Month 2021, Vol. xx, No. xx

81. Jang, A. et al. (2021) Optimal policy for attention-modulated
decisions explains human ﬁxation behavior. eLife 10, 1–31
82. Bhatia, S. and Mullett, T. (2018) Similarity and decision time in
preferential choice. Q. J. Exp. Psychol. 71, 1276–1280
83. Bhatia, S. (2017) Attention and attribute overlap in preferential
choice. Q. J. Exp. Psychol. 70, 1174–1196
84. Birnbaum, M. (2008) New paradoxes of risky decision making.
Psychol. Rev. 115, 463–501
85. Walasek, L. and Stewart, N. (2015) How to make loss aversion
disappear and reverse: tests of the decision by sampling origin
of loss aversion. J. Exp. Psychol. Gen. 144, 7–11
86. Chau, B. et al. (2020) Consistent patterns of distractor effects
during decision making. eLife 9, 1–43
87. Lichters, M. et al. (2017) What really matters in attraction effect
research: when choices have economic consequences. Mark.
Lett. 28, 127–138
88. Gentner, D. and Markman, A. (1997) Structure mapping in
analogy and similarity. Am. Psychol. 52, 45–56
89. Zhang, S. and Markman, A. (2001) Processing product unique
features: alignability and involvement in preference construction.
J. Consum. Psychol. 11, 13–27
90. Markman, A. and Medin, D. (1995) Similarity and alignment in
choice. Organ. Behav. Hum. Decis. Process. 63, 117–130
91. Izakson, L. et al. (2020) Attraction to similar options: the Gestalt law
of proximity is related to the attraction effect. PLoS One 15, 1–21
92. Sürücü, O. et al. (2019) The asymmetric dominance effect:
reexamination and extension in risky choice – an experimental
study. J. Econ. Psychol. 73, 102–122
93. Dimara, E. et al. (2017) The attraction effect in information
visualization. IEEE Trans. Vis. Comput. Graph. 23, 471–480
94. Dimara, E. et al. (2019) Mitigating the attraction effect with
visualizations. IEEE Trans. Vis. Comput. Graph. 25, 850–860
95. Cataldo, A. and Cohen, A. (2020) Framing context effects with
reference points. Cognition 203, 1–26
96. Liao, J. et al. (2020) The inﬂuence of distance between decoy
and target on context effect: attraction or repulsion? J. Behav.
Decis. Mak. 1–16
97. Chau, B. et al. (2014) A neural mechanism underlying failure of
optimal choice with multiple alternatives. Nat. Neurosci. 17,
463–470

