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Abstract

Previous studies have suggested that there are common mechanisms between perceptual

and value-based processes. For instance, both perceptual and value-based choices are

highly influenced by the context in which the choices are made. However, the mechanisms

which allow context to influence our choice process as well as the extent of the similarity

between the perceptual and preferential processes are still unclear. In this study, we exam-

ine a within-subject relation between the attraction effect, which is a well-known effect of

context on preferential choice, and the Gestalt law of proximity. Then, we aim to use this link

to better understand the mechanisms underlying the attraction effect. We conducted one

study followed by an additional pre-registered replication study, where subjects performed a

Gestalt-psychophysical task and a decoy task. Comparing the behavioral sensitivity of each

subject in both tasks, we found that the more susceptible a subject is to the proximity law,

the more she displayed the attraction effect. These results demonstrate a within-subject

relation between a perceptual phenomenon (proximity law) and a value-based bias (attrac-

tion effect) which further strengthens the notion of common rules between perceptual and

value-based processing. Moreover, this suggests that the mechanism underlying the attrac-

tion effect is related to grouping by proximity with attention as a mediator.

Introduction

All of our decisions, from simple ones like the size of the popcorn we choose to buy in the cin-

ema to more complicated ones like choosing our life partner, are influenced by other available

alternatives (as well as unavailable ones) in the environment. Other available or unavailable

alternatives in the current environment of the choice set are considered spatial context. A well-

known example of the effect of spatial context is the attraction effect [1,2]. Suppose you are

choosing between a small-sized popcorn that is relatively cheap and costs only $3 (competitor)
and a large-sized one which costs $6.5 (target). In this scenario, no option has a clear advantage

over the other. The small-size option is better in one attribute (price), while the large-size

option is better on the other attribute (size). Now imagine a third option of popcorn that is

medium-sized and costs $7 (decoy). Under these circumstances, the decoy is asymmetrically
dominated, since it is inferior to the target option in both attributes (size and price), but
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inferior to the competitor in only one attribute (price). Numerous experiments have shown

that the presence of such a decoy in the choice set shifts preferences toward the target option

[1,3–5].

The attraction effect, as well as other decoy effects, such as the similarity and compromise

effects [2,6], violate integral axioms of normative theories of choice. These include the inde-

pendence of irrelevant alternatives (IIA) axiom (the introduction of an irrelevant option to a

choice set should not change the preference between existing options [7] and the regularity

principle [6].

These various decoy effects and other related context-dependent phenomena, such as fram-

ing effects (e.g. asymmetries in valuation of gains and losses) [8,9] demonstrate the importance

of the specific context that is experienced by the decision maker during choice to the valuation

process. Although context is an integral part of our decision-making process, the mechanisms

underlying these phenomena are still unclear. Understanding the mechanisms which allow

context to influence our valuation and choice processes can shed light on human choice mech-

anisms in general, and the generation of values in a complex environment in particular.

Several explanations have been proposed to account for the change in preference induced

by different context effects. Specifically, many suggested computational models use the notion

that people accumulate evidence for alternatives over time, and make a choice when the evi-

dence reaches a decision criterion [10–14]. According to one of these sequential sampling

models, the multi-alternative decision by sampling (MDbS) model, the accumulation of the

evidence is made by pairwise comparisons on a single attribute [14]. Importantly, the more

similar the attributes of different options are, the more time the observer would spend compar-

ing between them. In our example, the decoy (a medium-sized popcorn which costs $7) and

the target (a large-sized popcorn which costs $6.5) options are the most similar pair on both

attributes (size and cost) between the three available pairs. Therefore, according to the MDbS

model, the duration of comparison between them would be longer. This prediction has been

supported empirically using eye movements [15]. Moreover, the higher the probability to com-

pare between a specific pair of options, the higher the probability to choose the better option

between this pair [14]. In our example, a comparison between the decoy and the target would

yield that the target is the better option in both attributes (size and cost), thus the probability

to choose it would be higher. Therefore, an important part of the mechanism underlying the

attraction effect, according to the MDbS model, is the perception of the differences and simi-

larities between two options in the attribute space. Other sequential sampling models also

ascribe a crucial role to the distance between options in the mechanism which leads to the

attraction effect. For example, according to the Multi-alternative Decision Field Theory

(MDFT), lateral inhibition is increased when the options are closer to each other in the attri-

bute space [16] and according to the Multi-Attribute Linear Ballistic Accumulator (MLBA)

model, options that are more difficult to discriminate (i.e., more similar options) receive more

attention, thus increasing the probability of the more dominant option to be chosen, which

leads to the attraction effect [17]. Note that the explanation for why people drive more atten-

tion to similar options is still unclear. In the current study, as our attributes are monetary

amount and winning probability, we refer to the distance between options in the attribute

space as value distance (VD).

This raises an intriguing possibility. Is the perception of value distance similar or analogous

to the way we perceive and are affected by actual physical distance? There are many similarities

and analogies between sensory and value processing. First, computational models, in both sen-

sory perception and value processes, use transformation of information from objective magni-

tudes to a subjective scale in order to explain subjects’ performance. In perception this is

known as the Weber-Fechner function [18], which states that the increase in the perceived

PLOS ONE The Gestalt law of proximity is related to the attraction effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0240937 October 28, 2020 2 / 21

funders had no role in study design, data collection

and analysis, decision to publish, or preparation of

the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0240937


magnitude of a certain stimulus declines as the stimulus intensity increases, and in value-based

choice it is known as the Bernoulli function, or the utility function [19], which describes the

notion that the marginal utility of a certain object declines as the total amount of this object

increases. Second, value modulation was observed in both visual cortex [20] and auditory cor-

tex [21] in a modality-specific way [22]. Moreover, recent studies have shown that visual selec-

tive attention is also driven by the learned value of a stimulus [23,24]. Third, in recent decision

models, the mechanisms for why people demonstrate violations of normative axioms such as

the IIA is explained using the analogy of perceptual biases [25–28]. According to this view,

similar to perceptual illusions, both spatial and temporal, choice biases (or cognitive illusions)

are the result of inherent cognitive and neurobiological limitations in both the capacity and

the efficiency of information processing. For example, a recent study by Khaw and colleagues

[29] demonstrated that value is influenced by adaptation in a similar way as perception: sub-

jects’ valuations were lower after high-value adaptations and higher after low-value adaptations

demonstrating a repulsive effect of recent values. By the same token, several studies have

shown that the attraction effect as well as other decoy effects (e.g., similarity, compromise)

emerge in simple perceptual decision-making tasks [30,31]. Therefore, we propose that we can

use the vast knowledge that we gained regarding sensory processing, in order to better under-

stand the mechanisms underlying choice biases such as the attraction effect.
In the current study, we examined a potential link between the attraction effect and the

Gestalt law of proximity and then used this link in order to better understand the mechanisms

underlying the attraction effect. The proximity law suggests that we tend to combine elements

that are close to each other and treat them as one group [32]. We chose specifically this law

because it refers to the physical distance between objects, and as was mentioned above, an inte-

gral feature of the attraction effect is the position of the decoy relative to the target which

defines the distance between them [1]–what we refer to as the value distance.
Because there are many similarities and analogies between sensory processing and value

processing, we hypothesized that the value distance between a decoy and a target option would

be conceptually analogous to the physical distance between objects as formulated by the Gestalt

law of proximity. According to Koffka [1], the bigger the physical distance between objects,

the less chance there is to perceive these objects as grouped by proximity. Thus, we hypothe-

sized that the bigger the value distance between the target and the decoy, the less the subject

would be affected by the attraction effect [33].

Furthermore, we hypothesized that the larger the sensitivity to grouping by proximity a sub-

ject will have, the larger will be her susceptibility to the attraction effect (the subject’s probability

to choose the target would be higher), because it would be easier for the subject to perceive the

similarity between the decoy and the target, since she would more readily group them together.

To address these questions, we performed two independent experiments, where we pre-regis-

tered the replication experiment according to the results of the first experiment in Open Science

Framework (https://osf.io/jzk6y/). In both experiments, all subjects performed a Gestalt-psycho-

physical task and a decoy task. Thereafter, we compared, for each subject, their behavioral sensi-

tivity in both tasks. As we will present below, we found that the more sensitive a given subject is

to the proximity law, the more she displayed the attraction effect. Therefore, we will illustrate how

the proximity law might account for the attraction effect with attention as a mediator.

General methods

Data sharing

Our pre-registration forms as well as all of our data and codes are shared on Open Science

Framework (https://osf.io/jzk6y/).
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Subjects

A total of 119 healthy subjects took part in this study; each participated in one of two identical

experiments. Experiment 1, n = 52; Replication, n = 102; see Table 1 for a demographic

description of each experimental sample. We pre-registered the replication experiment

according to the results of Experiment 1 (https://osf.io/jzk6y/). The replication experiment

was identical to Experiment 1, and aimed to validate its results. We performed a power analysis

with the data obtained from Experiment 1, which yielded a minimal n = 74 for detecting the

Gestalt threshold effect on choice with 80% power and alpha = .05. (Power was calculated

using a Wald test, examining the significance of the Gestalt threshold variable in a mixed-effect

logistic regression). However, based on Experiment 1, we assumed that some of the subjects

(~20%) will be excluded from the study based on our strict exclusion criteria (available online

at https://osf.io/jzk6y/). Therefore, we chose to pre-register a larger sample size of n = 100 for

the replication experiment.

In both experiments, all subjects performed three tasks: first, a calibration task for the forth-

coming decoy task, second, a Gestalt-psychophysical task and third, a Decoy task. The experi-

ment was conducted in the laboratory on monitors with screen resolutions of 1,920 × 1,080

pixels. All subjects received a participation fee and were also paid according to their winnings

in the experiment. They all signed a written informed consent that was approved by the ethics

committee at Tel Aviv University (ethics approval number 0000080–1).

Stimuli & procedure

Calibration task. In the calibration task, for each subject we estimated two indifference

points that served as the basis for generating the stimuli used in the Decoy task. Subjects made

repeated choices between a choice option with 61% chance to win 22 NIS (and a 39% chance

to win zero)–option A, and an option with p chance to win 42 NIS (and 1-p to win zero)–

option B. The numbers were randomly jittered across trials by ±1 or ±2 to prevent subjects

from memorizing their choices. We systematically varied the value of p from 19% to 52%,

resulting in 11 different unique trials. Each trial was repeated 6 times. We calculated the indif-

ference point (or point-of-subjective-equivalence) for each subject based on a logistic regres-

sion model. That is, for each subject, we identified the expected-value difference between the

two options that corresponds to the 50% point on the y-axis (-constant/slope) according to the

logistic model. We repeated this procedure using different amounts and probabilities in order

to estimate a second indifference point for each subject. Subjects made repeated choices

between an option which offered a 45% chance to win 27 NIS–option A, and another option

with a varying chance of q to win 59 NIS–option B. As in the previous set of amounts and

probabilities, the numbers were randomly jittered across trials by ±1 or ±2 to prevent subjects

from memorizing their choices. We systematically varied the value of q from 12% to 34%,

resulting in 11 different unique trials that were repeated 6 times (The full list of trials for both

sets of options A and B is available in S1 Appendix).

In all trials of the calibration task, each trial started with the presentation of a fixation cross

at the center of the screen for 500 ms. Thereafter, a table of 2 lotteries was presented at the cen-

ter of the screen. Subjects were requested to choose their preferred lottery by clicking the

Table 1. Demographic information.

Sample size (excluded) Females (percent) Age M (SD)

Experiment 1 52 (14) 29 (56%) 26.53 (4.12)

Replication 102 (21) 58 (57%) 25.63 (5.39)

https://doi.org/10.1371/journal.pone.0240937.t001
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number of this lottery on the keyboard. There was no time limit to make a choice. After sub-

jects made their choice, the trial ended with a fixation cross for 500 ms. The two different sets

of options A and B were presented in a random order in white text on a black background.

The total amount of trials in the calibration task was 132.

The task was incentive compatible. At the end of the task, one of the 132 choices was ran-

domly chosen. The option that was chosen on the randomly selected trial was played out

according to the amount and probability of that lottery. The subjects were informed about the

results of this lottery only at the end of the experiment (after the end of task 3 –Decoy task). If

they won the allotted amount of money of the lottery, it was added to their show up fee.

Based on the two subject-specific indifference points, we generated the choice options for

the main Decoy task. This step is important because decoy effects are most strongly demon-

strated when the target and the competitor are equally valuable [34].

Gestalt task. The aim of the task was to measure, for each subject, the threshold for differ-

entiating between two stimuli of 12 dots arranged in a row. The task is based on the task

described in [35]. Fig 1A illustrates an example trial. The subject was presented with a fixation

displayed in the center of the screen for 300–500 ms (randomly jittered). Thereafter, a Con-
stant stimulus of 12 white dots arranged in a row on a black background was displayed in the

center of the screen for 1 second, followed by a Mask (a scrambled picture of the Constant
stimulus) for 250 ms. The distance between the dots was always constant and was equal to 20

pixels. Then, a Variable stimulus of 12 dots arranged in a row was displayed for 1 second in

which the distance after the 3rd, 6th, and 9th dot was equally varied across trials (Fig 1B). The

second stimulus was also followed by a Mask for 250 ms. The order in which the Constant and

Variable stimuli appeared was randomized across trials. Afterwards, the subject was asked if

the two stimuli that were presented (Constant vs. Variable) were identical or different by click-

ing ‘1’ or ‘2’ on the keyboard, respectively. There was no time limit for the response phase. In

total, subjects observed 29 different Variable stimuli in which the spacing distance between

each three dots was varied from 20.5 pixels to 34.5 pixels in increments of a half pixel. Each

Variable stimulus was repeated 6 times (except the trial in which the Constant and Variable sti-

muli were identical which was repeated 18 times) for a total of 192 trials.

For each subject, we measured the probability to respond “different” as a function of the

increase in physical distance between the dots in order to calculate the threshold to

Fig 1. Gestalt task. (A) Single trial timeline. (B) Examples of stimulus patterns selected from the set of 29 variable stimuli used in the experiment and a constant

stimulus in the Gestalt task. Each individual row represents a different stimulus that was presented separately on the screen in each trial.

https://doi.org/10.1371/journal.pone.0240937.g001
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differentiate between the two stimuli. As was stated above, this task was based on a psycho-

physical task presented in [35] where a higher tendency to detect differences in physical dis-

tance as well as the tendency to group by proximity is translated to a lower threshold. A

subject who is more susceptible to grouping by proximity will detect the differences between

the Constant stimulus and the Variable stimulus at a much lower distance between the triplets

of dots, since it would be easier for her to group the row of 12 dots into 4 groups of triplets.

Decoy task. The aim of the task was to examine, for each subject, the existence of the

attraction effect, as well as its strength. We also measured for each subject the influence of the

decoy’s location (in value distance) on the strength of the attraction effect. The task is based on

the task described in [36]. Fig 2A illustrates an example trial. Subjects performed a series of

choices between gambles in three different conditions: (I) Basic condition, (II) Decoy condi-

tion, and (III) Filler conditions (Fig 2B).

In the Basic condition, subjects made choices between two lotteries (option A and option

B). Each lottery had some amount of money to win associated with a winning probability (e.g.

42% to win 30 NIS (and 58% not to win) vs. 30% to win 38 NIS (and 70% not to win). There

were two different sets of options for the Basic condition (both of them shown in S2 Appen-

dix). The specific numbers of the amounts and probabilities were randomly jittered across tri-

als by ±1 or ±2 to prevent subjects from memorizing their choices. Importantly, based on the

calibration task, the lotteries were individually tailored, such that the subject was close to being

indifferent between them. Each Basic trial was repeated 8 times for a total of 16 trials.

In the Decoy condition, we added a third gamble to the choice set. The additional option,

the decoy, was either similar to the probability or to the amount of one of the gambles appear-

ing in the Basic condition (the target). The remaining dimension of the decoy (either probabil-

ity or amount) was parametrically varied in 4 steps, from being 15%, 30%, 45%, and 60%

smaller than that dimension in the target option resulting in a ranked-order parameter with 4

levels. For instance, if the target was a lottery of 21% to win 59 NIS, A decoy on the amount

attribute which is 15% smaller would be 21% to win 50 NIS (a detailed calculation is provided

in S2 Appendix). Additionally, we used two different decoy types: range (which gives the target

an advantage in its weaker attribute) and frequency (which gives the target an advantage in its

stronger attribute). This terminology was introduced in the original article on the attraction
effect [1].

Therefore, we had 4 different types of trials in the Decoy condition (range-probability,

range-amount, frequency-amount, and frequency-probability) and 4 different value distance
(VD) steps, resulting in 16 different decoy options for each set of the Basic condition. Each of

the Decoy trials was repeated 8 times, resulting in 16�2�8 = 256 Decoy trials.

Fig 2. Decoy task. (A) Single trial timeline. (B) The three task conditions (Basic, Decoy, and Filler).

https://doi.org/10.1371/journal.pone.0240937.g002
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In the Filler condition, there were two types of trials: 1) Binary filler (first order stochasti-

cally dominated trials): subjects chose between two options, where one was a non-degenerate

lottery (like in the previous conditions), while the other always had a bigger monetary amount

and 100% winning probability. We added this condition to validate the continued engagement

of the subject with the task throughout the experiment. 2) Trinary filler: subjects chose

between three randomly-generated gambling choices not related to the decoy trials. We added

this condition to disguise the aim of the experiment from the subjects. There were 8 different

Filler trials that were repeated 4 times, resulting in 32 Filler trials.

In all trials of the Decoy task, each trial started with the presentation of a fixation cross at

the center of the screen for 500 ms. Thereafter, a table of either 2 or 3 lotteries (depending on

the condition) was presented at the center of the screen. Subjects were requested to choose

their preferred lottery by clicking the number of that lottery on the keyboard. There was no

time limit to make a choice. After the subjects made their choice, the trial ended with a fixation

cross for 500 ms. The different types of trials were presented in a random order in white text

on a black background. The total amount of trials in the Decoy task was 16 Basic trials + 256

Decoy trials + 32 Filler trials = 304 trials.

The experiment was incentive compatible. At the end of the Decoy task, one of the 304

choices was randomly chosen. The option that was chosen on the randomly selected trial was

played out according to the amount and probability of that lottery. If subjects won the allotted

amount of money of the lottery, it was added to their show up fee.

In order to examine the existence and strength of the attraction effect across subjects and

steps of VD, we first examined if the probability to choose the target was significantly higher

than chance level (50%). Then, we used the choice in every trial (target or competitor) as our

dependent variable in order to examine the effect of different predictors (e.g., VD, Gestalt

threshold) on the attraction effect using mixed-effect logistic regression models. We are aware

that there are other measurements for the attraction effect, however we chose specifically this

one since our main analyses in which we used mixed-effect logistic regressions required a

dependent variable per trial (we used the choice in each trial: target/competitor for each sub-

ject). We included analyses of the attraction effect using three other measurements that are

used in the literature: violation of WASRP (the Weak Axiom of Stochastic Revealed Prefer-

ence) [39,40], violation of regularity [6,37] and relative choice share of the target [38]. We con-

cluded that most of the measurements are very similar to the one we used, and thus, yield

similar results (see S1 Text; Robustness analyses for more details).

Exclusion criteria. In addition to the reported 119 participants, across the two experi-

ments, 35 additional participants were excluded from final analyses (Experiment 1: 14 subjects

were excluded; Replication: 21 subjects were excluded). The exclusion criteria were decided

based on Experiment 1, as we preregistered the replication experiment, and then implemented

as well in the replication experiment.

Subjects were disqualified due to two exclusion criteria: 1) lack of engagement in the Gestalt

task (their slope of the fitted logistic regression was not significantly larger than zero (p<0.05)

meaning that they were not sensitive at all to the interval increase between the dots, and 2)

they chose "different" more than 50% of the trials that were actually identical meaning that

they were biased to answer "different". Subjects were also excluded due to lack of engagement

in the Decoy task. That is, if they chose the same option more than 96% of the trials at least in

two out of the four blocks of the task, which indicates that they showed no variation in their

choices across the different trial types (which is analogous to a low slope in the Gestalt task).

We chose the 96% threshold based on a thorough exploration of our data from Experiment 1,

and based all of our exclusion criteria according to it. These exclusion criteria were listed in

the pre-registration of the replication experiment.
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Experiment 1

Subjects

38 valid participants completed the three tasks presented in the general methods section (mean

age = 26.53, SD = 4.12, 29 females; demographic statistics are reported in Table 1). 14 additional

subjects were excluded: four performed poorly in the Gestalt task (their slope of the fitted logis-

tic regression was not significantly larger than zero (p<0.05) or they chose "different" more

than 50% of the trials that were actually identical). Ten performed poorly in the Decoy task

(chose the same option more than 96% of the trials at least in two of the four blocks in the task).

Gestalt results

In order to examine the influence of the increase in physical distance between the triplets of

dots (interval increase) on the propensity of the subject to differentiate between the stimuli, we

fitted a mixed effect logistic regression with interval increase as the independent variable, and

subject’s choices (identical/different) as the dependent variable.

We found that, on average, the propensity to discriminate between the two stimuli

increased as a function of the interval increase between the dots demonstrating that subjects

were sensitive to the spaces between the triplets of dots (β = 0.34, p<0.001; left side of Table 2).

Next, we fitted for each subject separately, her behavioral data to a logistic regression with

interval increase as the independent variable, and subject’s choices (identical/different) as the

dependent variable. We then estimated the physical distance between the triplets of dots in

which the subject was at chance level (the x value at y = 0.5) based on the best fit logistic func-

tion per subject. That is, we estimated the interval increase in which the subject could not tell

the difference between the Constant and Variable stimuli, i.e. the sensitivity threshold. Fig 3A

describes the data and the logistic fit of two representative subjects. The subject which is repre-

sented by the gray dots has a lower sensitivity threshold in comparison to the subject which is

represented by the blue dots. That is, the “gray” subject starts to differentiate between the two

stimuli when the physical distance between the triplets is smaller (3.6 pixels) in comparison to

the “blue” subject who needs a larger physical distance (9.8 pixels) in order to differentiate

between the two stimuli. The top histogram in Fig 3B describes the distribution of sensitivity

thresholds across subjects for Experiment 1. The average sensitivity threshold was 7.19 (±0.28)

pixels (ranging from 3 to 12 pixels). We then used this variation in sensitivity (termed ‘Gestalt

threshold’) across subjects in order to find a link between the Gestalt thresholds and the ten-

dencies to show an attraction effect in the Decoy task.

Table 2. Influence of the interval increase between the dots on the propensity to respond "different".

Experiment 1 (n = 38) Replication (n = 81)

Fixed-effects Parameters B SE# Z p-val B SE# Z p-val

Constant -2.38 0.18 -12.91 < .001��� -2.47 0.12 -20.34 < .001���

Interval increase 0.34 0.03 12.81 < .001��� 0.38 0.02 18.69 < .001���

Random-effects Parameters var var

Constant 1.12 1.01

Interval increase 0.02 0.03

We used mixed effect logistic regression with random intercept. The model included a random intercept and slope components, allowing them to interact (using an

unstructured covariance matrix specification).

# Robust Std. Err. (Errors clustered by Subject); � p < .05 ��p < .01

��� p < .001.

https://doi.org/10.1371/journal.pone.0240937.t002
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Decoy results

Significant attraction effect across subjects, however large heterogeneity between sub-

jects. In order to examine the occurrence of the attraction effect across subjects including all

decoy locations, we measured the probability to choose the target when the decoy was asym-

metrically dominated by it and compared it to chance level (50%). We found that on average,

subjects chose the target significantly higher than chance level (one sample t-test, mean = 0.52,

CI = [0.51, 0.54], t(37) = 2.76, p<0.01). Although the average effect across subjects is signifi-

cant, it is a rather small effect. This is probably because there is a considerable heterogeneity

across subjects in their probability to choose the target (the range of probabilities spreads

between 0.38 and 0.68 (Fig 4A)). Therefore, additionally, we examined separately for each sub-

ject, the effect of adding a decoy on their probability to choose the target option using a bino-

mial test. We found that only ~20% of subjects chose the target significantly different than

50% (Experiment 1: 7 out of 38 subjects (18%) chose the target significantly different than 50%

(p<0.05); detailed individual results are available in S3 Appendix). While most of the subjects

who showed a significant decoy effect displayed an attraction effect, 29% of them displayed the

opposite effect (a repulsion effect–higher probability to choose the competitor when the decoy
was asymmetrically dominated by the target [37,38]). These results are in line with previous

studies which posited that decoy effects are usually weak effects [40,54] and that there are con-

siderable differences between subjects [54].

Moreover, we examined the robustness of our measurement for the attraction effect size

(choice proportion of target) by comparing it with three other measurements that are used in

Fig 3. Gestalt results. (A) Two representative subjects: the one colored in gray has a lower threshold to differentiate between the two stimuli than the one

colored in blue. (B) Histograms of the Gestalt sensitivity thresholds calculated for all subjects in Experiment 1 (top) and Replication (bottom). The dashed

blue line represents the mean (Experiment 1: mean = 7.19(±0.28) pixels; n = 38; Replication: mean = 7.02(±0.2) pixels, n = 81).

https://doi.org/10.1371/journal.pone.0240937.g003
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the literature: violation of WASRP (the Weak Axiom of Stochastic Revealed Preference)

[39,40], violation of regularity [6] and relative choice share of the target [38]. We concluded

that most of the measurements are very similar to the one we used, and thus, yield similar

results [detailed information and analyses are provided in S1 Text].

The influence of the value distance on the probability to choose the target. In order to

examine the influence of the value distance on the choice proportion of the target, we used the

VD, in each trial of the Decoy condition of the Decoy task, as our predictor and subjects’

choices (target or competitor) as the dependent variable. We first fitted a random-intercept

logistic regression model and clustered the errors per subject.

The VD had a significant negative effect on the choice proportion of the target (β = -0.25,

p<0.05; left side of Table 3). That is, the further away the decoy was from the target (regardless

of the specific attribute (probability/amount) which differentiated between them), the less the

subject chose the target, and hence, the lower was the attraction effect.
However, when we examined the slope coefficients of each subject separately (by fitting

each subject’s behavioral data to its own logistic function), we discovered that 2/3 of our

Fig 4. Histogram of the probability to choose the target. The black line represents choice probability of chance level (0.5). Choice probability of

less than chance level (on the left side of the zero line) represent subjects who displayed a general repulsion effect, while the choice probability of

more than chance level (on the right side of the zero line) represent subjects who displayed a general attraction effect. (A) Experiment 1:

mean = 0.52, n = 38. (B) Replication: mean = 0.53, n = 81.

https://doi.org/10.1371/journal.pone.0240937.g004

Table 3. Influence of the value distance on the choice proportion of the target.

Experiment 1 (n = 38) Replication (n = 81)

Fixed-effects Parameters B SE# Z p-val B SE# Z p-val

Constant 0.19 0.06 3.323 < .001��� 0.17 0.04 4.244 < .001���

Value distance -0.25 0.12 -2.09 .03 � -0.18 0.08 -2.12 .03 �

Random-effects Parameters var var

Constant 0.03 0.04

We used mixed effect logistic regression with random intercept.

# Robust Std. Err. (Errors clustered by Subject)

� p < .05 ��p < .01

��� p < .001.

https://doi.org/10.1371/journal.pone.0240937.t003
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subjects had negative slope coefficients similar to the overall coefficient we found in the main

regression (i.e., a negative influence of the VD on the probability to choose the target), while

the other 1/3 had positive slope coefficients (i.e., a positive influence of the VD on the probabil-

ity to choose the target) (Fig 5A).

Additionally, there was no connection between the size of the attraction effect of a specific

subject (choice proportion of target) and the tendency to be affected negatively or positively by

the VD (R = 0.09, p = 0.6).

Since there was such a large variability between subjects, we decided to use a model with a

random slope in addition to the random intercept. That is, we allowed the intercept and the

slope coefficients of the VD to vary across subjects in addition to clustering the errors per sub-

ject. Using this model, we still found a marginally significant effect of the VD on the propor-

tion to choose the target option (β = -0.25, p = 0.07; left side of S1 Table). Note, that the

coefficient value is the same as in the previous model. Therefore, we concluded for these series

of analyses, that on average there is a small negative effect of the value distance between the

decoy and target on the proportion to choose the target option. However, there is a large varia-

tion across subjects in their individual slope coefficients (variance = 0.87).

Sensitivity to physical proximity influences the attraction effect. Next, we wanted to

examine, across subjects, if and to what extent, there is an influence of the sensitivity to physi-

cal proximity (as measured in the Gestalt task) on the propensity to demonstrate the attraction
effect. Therefore, we added the subject-specific Gestalt sensitivity threshold parameter that we

estimated in the Gestalt task as another predictor to our model.

Interestingly, as can be seen in the left side of Table 4 and in the simple correlation pre-

sented in Fig 6A (for illustration purposes only), the Gestalt sensitivity threshold had a signifi-

cant negative effect on the proportion to choose the target (β = -0.04, p<0.03). That is, the

lower the Gestalt sensitivity threshold of a given subject (more sensitive to the proximity law),

the more the subject tended to choose the target option. Importantly, note that the coefficient

size and the significance of the VD regressor did not change after introducing the Gestalt sen-

sitivity regressor, suggesting that the effect of the Gestalt sensitivity on choice is orthogonal to

the effect of the VD on choice.

Fig 5. Choice proportion of the target as a function of value distance. Red color represents subjects who had a negative slope (as in the overall coefficient we

found in the main regression), while blue color represents subjects who had a positive slope. The black bold line represents the mean slope across all subjects.

(A) Experiment 1: 68% of subjects had negative slope coefficients, while 32% had positive slope coefficients. (B) Replication: 61% of subjects had negative

slope coefficients, while 39% had positive slope coefficients.

https://doi.org/10.1371/journal.pone.0240937.g005
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To exclude the possibility that the significant negative link between the Gestalt threshold

and the probability to choose the target is merely due to task engagement, such that subjects

who were less engaged in the Gestalt task (and thus have higher thresholds) were also less

engaged in the Decoy task (and thus have lower attraction effect sizes), we performed further

analyses and added them to the supplementary material (S1 Text).

In the perceptual task, in order to examine task engagement, we measured the slope of the

logistic regression fit for each subject. The meaning of the slope of the logistic fit is how accu-

rate was the subject in general, across all intervals (distribution of error rates across trial diffi-

culties). We, then, used the Gestalt slope as a predictor in our main analysis instead of the

Gestalt threshold, and had no significant effect of the Gestalt slope on the probability to choose

the target in both experiments (Experiment 1: β = 0.12, p = 0.52; Replication: β = 0.04,

p = 0.67; Table 1 in S1 Text). These results indicate that there is no systematic effect of the

error rates (task engagement) in the Gestalt task and the level of choice proportion of the target
in the Decoy task.

Table 4. Summary of the mixed effects logistic regression model for variables predicting the choice proportion of the target.

Experiment 1 (n = 38) Replication (n = 81)

Fixed-effects Parameters B SE# Z p-val B SE# Z p-val

Constant 0.46 0.13 3.53 < .001��� 0.39 0.09 4.45 < .001���

Value distance -0.25 0.14 -1.86 .06 -0.17 0.09 -1.83 .07

Gestalt Threshold -0.04 0.02 -2.26 .02 � -0.03 0.01 -2.72 < .01 ��

Random-effects Parameters var var

Constant 0.00 0.00

Value distance 0.14 0.15

# Robust Std. Err. (Errors clustered by Subject)

� p < .05

��p < .01

��� p < .001.

https://doi.org/10.1371/journal.pone.0240937.t004

Fig 6. Correlation between Gestalt threshold and choice proportion of the target. The lower the Gestalt sensitivity threshold of a given subject (more

sensitive to the proximity law), the more the subject tends to choose the target option. (A) Experiment 1: R = -0.31, p = 0.06, n = 38. (B) Replication: R

= -0.25, p = 0.02, n = 81.

https://doi.org/10.1371/journal.pone.0240937.g006
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Regarding the Decoy task, it is impossible to define a choice error since there is no correct

answer in each trial (except for the first order stochastically dominated trials in which all the sub-

jects, except one, chose the 100% winning probability options all the time). Nonetheless, equiva-

lently to the slopes of the logistic fits in the Gestalt task, we measured the choice variance in each

trial type in the Decoy task (there were 32 different trial types that were repeated 8 times each).

We calculated two measurements for task engagement in the Decoy task: 1) the mean of choice

variance which gives an indication of how consistent was the subject per trial type (the smaller

this mean of choice variance, the more consistent was the subject per trial type and thus, more

engaged in the Decoy task), and 2) the variability across trial types which represents if the subject

responded differently across the different trial types (the smaller the variability of choices across

trial types, the less the subject changed his response according to the different trial types, and thus,

we assume, the less engaged she was in the task) [detailed equations of the two measurements are

available in S1 Text]. When we examined the correlation between each of these measurements of

task engagement (the mean of choice variance per trial type and the variability of choices across

trial types) and the choice proportion of the target, we observed that there is no significant correla-

tion between neither of the measurements for task engagement in the Decoy task and the choice

proportion of the target (Fig 7 in S1 Text). This indicates that subjects who had a higher variance

in their choices per trial type or a small variability across trial types, and thus were probably less

engaged in the Decoy task, did not choose systematically the target more or less often.

Moreover, there is no significant correlation between neither of the measurements for task

engagement in the Decoy task (the mean of choice variance per trial type and the variability

across trial types) and the measurement of task engagement for the Gestalt task (the slope of

the logistic fit) (Fig 8 in S1 Text) which demonstrates that there is no connection between the

levels of task engagement in both tasks.

Finally, we ran a regression analysis which includes VD, Gestalt threshold, and the task

engagement measurements (Gestalt slope for the Gestalt task and the mean of choice variance

per trial type for the Decoy task) as predictors to the choice proportion of the target for both

experiments and observed that none of the task engagement measurements had a significant

effect on the choice proportion of the target in both experiments (Table 2 in S1 Text). Further-

more, the coefficients of our main predictors (Gestalt threshold and VD) of the model which

includes the task engagement measurements (Table 2 in S1 Text) were very similar to the coef-

ficients of our main predictors in our main model in the paper (Table 4) in both experiments.

These results suggest that the effect of the sensitivity to the proximity law on the choice pro-

portion of the target is not related to task engagement (see S1 Text for more details).

Range decoys as oppose to frequency decoys induce a stronger attraction effect. It was

previously shown that range decoys (which gives the target an advantage in its weaker attri-

bute) produce stronger attraction effects in comparison to frequency decoys (which gives the

target an advantage in its stronger attribute) [1,31]. In order to examine if this is the case in

our data, we added the decoy type (range or frequency) as a dummy predictor to our model.

Similar to the findings of previous studies, range decoys were associated with a higher proba-

bility to choose the target in comparison with frequency decoys (dummy variable: range was

coded as 0. β = -0.12, p<0.01; left side of S2 Table). Importantly, the size and significance of all

other regressors remained the same.

Replication experiment

Our aim was to replicate the results of Experiment 1. Therefore, we pre-registered the results

of experiment 1 and the planned replication experiment (see OSF https://osf.io/jzk6y/), which

was identical to Experiment 1, both in design and analysis.
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Subjects

81 valid participants completed the replication experiment (demographic statistics are

reported in Table 1). 21 additional subjects were excluded based on our pre-registered exclu-

sion criteria: five performed poorly in the Gestalt task and thirteen performed poorly in the

Decoy task. Three performed poorly on both tasks.

Gestalt results

Similar to Experiment 1, we found that the propensity to discriminate between the two stimuli

increased as a function of the interval increase between the dots demonstrating that subjects

were very sensitive to the spaces between the dots (β = 0.38, p<0.001; right side of Table 2). Fur-

thermore, in the replication experiment, the average sensitivity threshold was 7.02 (±0.2) pixels

(ranging from 2.61 to 11.8 pixels) [Fig 3B, bottom histogram] which is very similar to the distri-

bution of sensitivity thresholds in Experiment 1 (t = 0.09, p = 0.92) [Fig 3B, top histogram].

Decoy results

We present here only the results of the full model of the replication experiment. However, we

performed the same analysis steps as was presented in Experiment 1. The partial models of the

replication experiment are presented at the right side of Tables 3 and 4 as well as at the right

side of S1 and S2 Tables, and are also available online at https://osf.io/jzk6y/.

Similar to Experiment 1, on average, subjects chose the target significantly higher than chance

level (one sample t-test, mean = 0.53, CI = [0.51, 0.54], t(80) = 4.14, p<0.001). Additionally,

there was a high variability across subjects in their probability to choose the target (the range of

probabilities spreads between 0.41 and 0.83 (Fig 4B)). Similar to Experiment 1, ~20% of the sub-

jects displayed a significant decoy effect on an individual level (17 out of 81 subjects (21%) chose

the target significantly different than 50% (p<0.05); detailed individual results are available in S3

Appendix). Moreover, similarly to Experiment 1, most of the subjects who showed a significant

decoy effect displayed an attraction effect, while 18% displayed a repulsion effect.
Interestingly, the coefficients of our predictors of the full model for the replication experi-

ment were very similar to the coefficients of the full model for Experiment 1 (right side of

Table 4; and of S2 Table). Specifically, we again found a marginally negative effect of the VD

on the proportion to choose the target option (β = -0.17, p = 0.07; right side of Table 4). More-

over, we observed a similar proportion of negative and positive coefficients as was found in

Experiment 1 (Experiment 1: 68% of subjects had negative coefficients (Fig 5A); Replication:

61% of subjects had negative coefficients (Fig 5B)).

Regarding the connection between the Gestalt sensitivity threshold and the probability to

choose the target in the Decoy task, we again observed a significant negative effect of the

Gestalt threshold on the proportion to choose the target (β = -0.03, p<0.01; right side of

Table 4). These results strengthen our conclusion from Experiment 1 that the lower the Gestalt

sensitivity threshold of a given subject (more sensitive to the proximity law), the more the sub-

ject tends to choose the target option.

Furthermore, similar to Experiment 1, range decoys were associated with a higher probabil-

ity to choose the target in comparison with frequency decoys (dummy variable: range was

coded as 0. β = -0.06, p<0.05; right side of S2 Table).

General discussion

In the current study, we aimed to elucidate the mechanisms underlying the attraction effect by

examining a potential link between this effect and a well-known perceptual phenomenon, the

PLOS ONE The Gestalt law of proximity is related to the attraction effect

PLOS ONE | https://doi.org/10.1371/journal.pone.0240937 October 28, 2020 14 / 21

https://osf.io/jzk6y/
https://doi.org/10.1371/journal.pone.0240937


Gestalt law of proximity. Across two independent and identical experiments with a pre-regis-

tered replication, we found that the lower the Gestalt sensitivity threshold of a given subject as

measured in a perceptual task (i.e., it is easier for this subject to differentiate between the two

stimuli because her tendency to group by the Gestalt law of proximity is higher), the more she

tends to choose the target option (i.e., displays a stronger attraction effect). Therefore, we sug-

gest that the variation across subjects in their susceptibility to the Gestalt law of proximity

might account for some of the variation observed in their tendency to show the attraction
effect. These results strengthen the notion that there are commonalities between perceptual

and value-based processing by demonstrating a within-subject link between a perceptual phe-

nomenon (proximity law) and a value-based bias (attraction effect). Moreover, our findings

can help us better understand the mechanisms underlying the attraction effect using the

within-subject link with the Gestalt law of proximity.

Grouping by proximity as an optional mechanism for the attraction effect
How can grouping by proximity be one of the mechanisms mediating the attraction effect?
The Gestalt principles of self-organization aim to describe how our brain engineers the percep-

tion of the world around us [32]. Since we live in a noisy world with endless sensory informa-

tion but at the same time with constraints of limited resources and capacity, we are naturally

in a need for an efficient coding [41,42] in order to balance between robustness (stability, solve

ambiguity and resistance to change) and flexibility (dynamic environment). The Gestalt prin-

ciples offer a solution for this computational problem of balancing robustness and flexibility

using both the internal and external aspects of perception [43].

The perceptual system, which is established to be subordinate to specific rules of efficient

processing, is an integral input into the value-based decision process [44]. Therefore, it is not

surprising that both sensory and choice biases are considered to be the consequence of several

canonical computations and patterns in the brain, which we use in order to efficiently code

our environment [26,45–47]. Our results demonstrate a direct link between these two

domains. The within-subject relationship between the sensitivity to group by proximity and

the susceptibility to the attraction effect suggests that the grouping principle of proximity

(either physical or value-based proximity) might be a part of the mechanism underlying the

attraction effect. We offer a theoretical model of how this connection might occur using atten-

tion as a mediator (Fig 7).

There is a close interplay between selective attention and perceptual organization processes

[48,49]. Since, as we mentioned above, we have limited resources and capacity [41,42], we are

obliged to direct our attention to a particular part of the scene [50]. Several studies demon-

strated that perceptual organization plays a crucial role in the deployment of attention

[48,51,52]. For example, Kimchi and colleagues [51] demonstrated that stimuli which are

grouped according to principles of self-organization attract subjects’ attention more than sti-

muli which are not perceived as grouped. Therefore, selective attention might be a mediator

Fig 7. A suggested mechanism of how grouping by proximity may mediate the attraction effect.

https://doi.org/10.1371/journal.pone.0240937.g007
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which allows Gestalt principles of self-organization to increase the efficiency of our perception

process.

Interestingly, selective attention has also been suggested to have an integral role in the

mechanism underlying the attraction effect. For instance, Roe and colleuges [16] posit in their

Multialternative Decision Field Theory (MDFT), that the shifting of attention between the

attributes of the choice options which are more similar, increases the attractiveness of the bet-

ter option between them via lateral inhibition, and leads to the attraction effect. Another, more

recent model, Multiattribute Linear Ballistic Accumulator (MLBA) model [17] also suggests

that more attention is allocated to the comparison between the target and the decoy options

because it is harder to discriminate between them (more similar), and this highlights the supe-

riority of the target. The Multialternative Decision by Sampling (MDbS) model [14] also pos-

tulates that similar options attract more attention, but because it is easier (rather than harder)

to compare between them. Moreover, a recent study demonstrated that the value of the choice

options also influence the allocation of attention [53]. Since selective attention plays an integral

role both in the Gestalt principles of self-organization and in the attraction effect, we propose

that the within-subject correlation that we found between sensitivity to proximity and the ten-

dency to show the attraction effect could be mediated by selective attention (Fig 7).

A first step of every evaluation or choice process is a perceptual appraisal of the alternatives

[44] which, as was mentioned above, is subordinate to specific rules of efficient processing, for

example grouping by proximity. Therefore, in the Decoy task, we propose that when the sub-

ject is presented with 3 different gambling options, the Gestalt self-organization principles will

construct the way she will perceive these options. Since, some of the options are closer to each

other in the value space, she will tend to group these options according to the proximity law.

Moreover, she will direct her attention to these closer options (in the value space), because

they are perceived as more similar, and according to the self-organization rules, closer (simi-

lar) options receive more attention. This in turn, will lead to more comparisons between the

closer options and thus to the attraction effect. According to the MDbS [14] and MDFT [16]

models, the higher the probability of comparison between a specific pair, the higher the proba-

bility to choose the better option between that pair, which is the definition of the attraction
effect.

An unresolved question is what actually leads people to drive more attention to similar

options. We suggest the Gestalt principle of grouping by proximity as a possible explanation

for this query, since we showed that subjects who are less sensitive to grouping by proximity

are also less susceptible to the attraction effect. Furthermore, when the decoy was located fur-

ther away from the target, subjects tended to display a weaker attraction effect. However, note,

that this is a theoretical notion that should be examined in future studies using either imaging

techniques or eye movements.

The effect of value distance on the attraction effect—heterogeneity between

subjects

We replicated the attraction effect when averaging the behavior across subjects. The probability

of choosing the target was significantly higher when the decoy was asymmetrically dominated

by the target than when it was asymmetrically dominated by the competitor. However, our

results demonstrated a considerable heterogeneity between subjects in their sensitivity to the

attraction effect. We observed, in both experiments, that only ~20% of the subjects displayed a

significant decoy effect on an individual level. It is important to note that in most previous

studies, only group effects were described [1–3,14], either because the study was a between-

subject’s design or because the study only focused on group effects. However, studies that did
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examine and report results at the individual level show that there are systematic differences

across subjects in regard to the influence of context on their behavior [40,54,55] and posit that

decoy effects are usually weak effects [40,54] similar to our results.

Furthermore, although we aimed to reach for each subject an indifference between options

A and B using the Calibration task, the safer option (option A) was chosen more often across

subjects in the Basic condition in both experiments, albeit only significant in the Replication

experiment. Additionally, for around third of the subjects in both experiments there was a sig-

nificant difference in the subjective value between the two options even though we used a Cali-

bration task. This could be another reason for the small attraction effect sizes in our study.

Nonetheless, although the calibration task did not work perfectly, we were able to show a sig-

nificant attraction effect across subjects as well as a significant link between the choice propor-

tion of the target and the susceptibility to group by proximity.

Moreover, across both experiments, we demonstrated a marginally significant negative VD

effect on the attraction effect. That is, the further away the decoy was from the target, the less

the subject chose the target, and hence, the lower was the attraction effect. Interestingly, this is

in line with the manner physical distance between objects affects the susceptibility to grouping

by the proximity law; the bigger the physical distance between objects, the less chance there is

to perceive these objects as grouped by proximity [32]. The effect is only marginally significant

because there is a considerable variability in subjects’ sensitivity to the VD. Two thirds of our

subjects, had negative slope coefficients similar to the overall coefficient we found in the main

regression (i.e., a negative influence of the VD on the probability to choose the target), while

the other third had positive slope coefficients (i.e., a positive influence of the VD on the proba-

bility to choose the target).
Additionally, there is evidence for both negative and positive effects of the target-decoy dis-

tance on the attraction effect. Several previous studies found that further decoys produced a

smaller attraction effect, similar to our findings [33,40]. However, other studies observed the

opposite effect. For example, Soltani et al. [4] found that close decoys had no significant effect

while far decoys had a very strong effect, and Spektor et al. [38] demonstrated that an increase

in the target-decoy distance of perceptual stimuli increased the choice proportion of the target.
A possible explanation for this discrepancy and the large variability between subjects in our

study is that there are actually two contradicting forces in the Decoy task: on the one hand, the

more similar the decoy and the target are (smaller VD), the more attention subjects would allo-

cate to these options which would lead to a more frequent comparison between them (which

would then result in a larger attraction effect) [14]. On the other hand, the more the decoy is

inferior to the target (larger VD), the more the subjects would perceive the superiority of the

target (larger attraction effect) [see also [56]]. In fact, both MDFT model [16] and MDbS

model [14] refer to the point that when the decoy is very similar to the target and hence its infe-

riority is less clear, it may reduce the attraction effect. Therefore, we suggest this balance

between the similarity of the decoy and the target, and the inferiority of the decoy in compari-

son to the target, as a possible explanation for the contradicting findings in the literature

regarding the effect of the target-decoy distance on the attraction effect, and for the large vari-

ability between subjects in the effect of VD on the attraction effect in our study. It might be

that these subjects who displayed a positive effect of the VD on the probability to choose the

target are more sensitive to the inferiority of the decoy, while the subjects who displayed a neg-

ative effect are more sensitive to the similarity between the target and the decoy. It is also

important to note that in our study the smallest target-decoy distance was a difference of 15%

while in the other contradicting findings the smallest target-decoy distance was 2% [4,38].

These different ranges may also interact with the two contradicting forces of similarity and

inferiority which affect the size of the attraction effect. A difference of 2% between the decoy
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and the target may result in a decoy which is not inferior enough to the target, and thus subjects

would display less attraction effect, while a difference of 15% may be large enough for the target
to be perceived as superior to the decoy but still similar enough to it.

Nevertheless, our results suggest that some of the variability between subjects in their over-

all susceptibility to the attraction effect can be explained by their sensitivity to the Gestalt law

of proximity. Subjects who displayed low sensitivity to the attraction effect or even displayed

the opposite effect–repulsion effect, were also less susceptible to grouping by proximity. How-

ever, our findings also highlight the importance of examining variability across subjects and

not relying only on group differences in order to understand behavior and cognition.

Conclusion

Our findings provide evidence for a within-subject link between the sensitivity to a perceptual

heuristic (proximity law of Gestalt theory) and the sensitivity to a value-based bias (attraction
effect). These findings elucidate the commonalities between sensory and value-based process-

ing within an individual. This also strengthens the notion that the brain generalizes across

domains. Specifically, we suggest that the variation across subjects in their susceptibility to the

Gestalt law of proximity might account for some of the variation observed in the attraction
effect. Therefore, we used the comprehensive research and knowledge regarding the proximity

law of Gestalt theory in order to explain a query in the mechanism underlying the attraction
effect. Previous studies suggested that selective attention to more similar options plays an inte-

gral role in the mechanism underlying the attraction effect [14,16,17]. However, an unresolved

question is what actually leads people to drive more attention towards similar options. Using

the evidence that there is a close interplay between selective attention and the Gestalt grouping

principles, we suggest that grouping by proximity of the more similar options is what leads

people to drive more attention to these similar options. This allows us to draw a specific con-

nection between perceptual processing (grouping by proximity) and value-based processing

(comparison between lottery options). These findings are important to better understand the

mechanisms underlying the attraction effect. Future work could examine computational mod-

els that may suggest further explanation for the mechanism underlying this interesting connec-

tion between the proximity law and the attraction effect.
Furthermore, our results offer a new approach for examining mechanisms of context-based

choice biases using perceptual mechanisms. We can use the evidence that the brain generalizes

across domains and that there are fundamental rules that it follows, in order to transfer knowl-

edge from one domain to the other. In addition, finding such connection between perceptual

and value processing may shed light on the overall mechanism by which the brain integrates

information across different domains.
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