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Supplemental Methods 

 

Prime text 

 

Health Prime 

The purpose of this study is to learn about how a food item's healthfulness affects 

people's choices about what they eat. We are interested in this question because leading 

scientists at top universities across the country have shown that eating a healthy diet is 

very important. They mention that one key benefit of eating healthy is the ability to 

maintain a healthy body weight, which can reduce the risk for many diseases. Previous 

research found that the top three killers in America are heart disease, cancer and stroke. 

Chronic diseases develop over time and are the cumulative effect of each eating decision 

we make in our lives. The health benefits of eating healthy are clear, but we would like to 

better understand how people incorporate health into each individual food choice. 

 

Taste Prime 

The purpose of this study is to learn how taste affects people’s choices about the foods 

they eat. We are interested in this question because food is a central part of human 

culture, and is thought to be a source of enjoyment, passion, and fulfillment for many. 

Leading scientists at top universities across the country have found that high-taste foods 

reliably increase activity in the brain’s reward centers. This increased activity is usually 

associated with a boost in dopamine levels in the brain, and dopamine is closely tied to 

our brain’s reward processing, as well as our subjective experiences of reward. We would 

like to understand how food choice is affected by the rewarding aspects of flavor and 

taste. The benefits of eating flavorful foods are clear, but we would like to better 

understand how people incorporate taste into each individual food choice. 

 

 

Task instructions 

 

Ratings Task 

In this experiment, you will participate in three tasks. In the first task, you will rate foods 

on three attributes, one at a time. Ratings will be made using the keyboard. You’ll rate 

foods on their health, how tasty they are to you, and how much you would like to eat 

them at the end of the experiment. You have the option to rate an item as "neutral", but 

please avoid that as much as possible. Rate each food based on how it looks on the 

screen. For example, when rating a picture of a plain piece of bread, tell us how healthful 

you think it is alone, not how healthful it would have been if it were covered in butter. 

For each food, you will be shown both an image and a text description. It is important to 

pay attention to both the image and its text description when rating the foods. This is 

because later in the experiment you may have to make decisions based on the text 

descriptions alone. 

  

Baseline Task 

On each trial of this task, you will choose between two different foods. Press the one (1) 

key to select the food on the left, and the zero (0) key to select the food on the right. Your 



SUPPLEMENT: Indulgent foods promote disciplined choices Sullivan et al. 
 

 p. 2 

choices will be displayed as either food images or their text descriptions. The descriptions 

will be the same text descriptions that you saw in the previous ratings task. At the end of 

the experiment, you will actually receive your food choice from one randomly-selected 

trial across the entire experiment (from either this task, or next task). You can leave either 

when you’ve eaten the food, or when one half hour has expired. 

  

Gambles Task 

In this task, you’ll choose between two different baskets. These baskets will be in 

separate ovals on the right and left sides of the screen, as shown below. Each basket 

represents a coin flip between the foods in it. In the below example, if you chose the 

basket on the left, the computer would flip a virtual coin and you would receive the food 

on top (apple) if it lands on heads, and the food on the bottom (chips) if it lands on tails. 

To explain this a different way: imagine that you pick one of the two baskets below. You 

then reach your hand into that basket, and grab one of the two foods at random. Look at 

the example below. 

 
If you chose the basket on the right, the computer would flip a virtual coin. You would 

receive the food on top (chips) if it lands on heads, and the food on the bottom (Oreos) if 

it lands on tails. Press the one (1) key to select the basket on the left, and the zero (0) key 

to select the basket on the right.  At the end of the experiment, you will receive a food 

from one trial in this task, or the previous task. If the selected trial is from this task, the 

computer will take the basket you picked and flip a virtual coin to determine which of the 

two foods you will receive. You can leave either when you’ve eaten the food, or when 

one half hour has expired. Again, you will be asked to pick a basket with two foods in it. 

You will have an equal chance of receiving either of the two foods in that basket. Please 

remember you will only receive ONE of the two foods in your chosen basket, not both 

foods. 
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Simulation Dataset 

 

To derive simulated decision weights for Figure S5, we arbitrarily assign a value of (5,1) 

for the taste and health of the unique indulgent item, and (1,5) for the taste and health of 

the unique disciplined item for simplicity. Next, we begin with a neutral common 

consequence of (3,3) taste and health, and set it to become more extreme in steps of .01. 

For the common indulgent consequence, the taste and health go from (3,3) to (5,1). For 

the common disciplined consequence, the taste and health go from (3,3) to (1,5). In this 

way, we can test how a common consequence could influence value perception as it 

becomes symmetrically more extreme in either indulgence or discipline. See Figure S5A 

for a plot displaying the simulation taste-health value pairs used. 

 

To derive predictions of disciplined and indulgent choices from CI to CD conditions, we 

created 100 simulated unique food pairs whose taste and health ratings ranged from 1 to 5 

pulled from a uniform random distribution using MATLAB’s rand. In each trial, the 

unique disciplined food was higher in health and lower in taste rating than the unique 

indulgent food. Each unique food’s value was then normalized (Eq. 2) separately for a CI 

food that was low in health (1 or 2) and high in taste (4 or 5) and for a CD food that was 

high in health (4 or 5) and low in taste (1 or 2) according to equation 2. We also applied a 

decision weight for taste and health (see “Estimating weights and noise parameters” 

below for this procedure). This was done so that the normalized values account both for 

an individual’s underlying preference for taste and health and for the noise they exhibited 

in their choices. (Note that the direction of the effects and their statistical significance 

hold when assuming values of 1 for the decision weights and for noise.) 

 

Next, the proportion of disciplined choices a participant would make was estimated using 

the normalized and weighted values and a softmax function that included the participant’s 

noise parameter estimated from the Baseline task (Eq. 4). This was done separately for 1) 

100 trials with CI foods, 2) 100 trials with CD foods, and 3) with no CC (i.e., using 

ratings alone and no third food). 

 

Estimating weights and noise parameters. Three free parameters were estimated for each 

participant: the weight placed on taste, the weight placed on health, and noise (σ in Eq. 

4). Baseline task ratings and choices were used to estimate these parameters. This was 

done by performing a grid search of all possible combinations of possible weights within 

this range, informed by previous work in the lab: σ = (0.4, 4) in .2 increments; taste 

weight = (-0.5, 3) in .1 increments; health weight, (-0.8, 2) in .1 increments. For each 

possible combination, the predicted choices and actual choices were compared and the 

combination that best fit the observed data was used, as assessed by minimizing the 

negative log likelihood.  
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Ratings and Normalization Model Selection 

 

To assess the predictive performance of the normalization model in the Gambles Task, 

two choice models were compared. The models differed only in the method used to value 

the unique food options on each trial. The first model uses only weighted participant 

ratings to influence choice. The second model uses weighted normalized values to guide 

choice.  

 

To factor in a participant’s preference for health and taste in their choices, we first 

estimated this using a mixed-effects regression. This estimated the weight of taste and 

health on normalized taste and health ratings in the Baseline task, which provided per-

subject decision weights for taste and health (wi). Next, these weights were used to scale 

the taste and health values on each trial in the CC task according to the following 

equations (in which S is the set of y and z), and n is the total number of attributes (here, 

2): 

 

Model 1: 

𝑣(𝑥) = ∑ 𝑤𝑖𝑥𝑖

𝑛

𝑖=1

  

Model 2: 

𝑣(𝑥) = ∑ ∑
𝑤𝑖𝑥𝑖

𝑥𝑖 + 𝑦𝑖

𝑛

𝑖=1𝑦∈𝑆

 

 

 

Next we used maximum likelihood estimation to assess which of two value functions are 

better predictive of choice: one, the weighted sum of taste and health of each unique 

food, or two, the weighted taste and health values summed using the normalization 

function above. For both models, the probability of choosing the gamble with unique 

food x was calculated using the softmax function: 

𝑝(𝑥|𝑥, 𝑦, 𝑧) =
𝑒𝑣(𝑥;𝑦,𝑧)

𝑒𝑣(𝑥;𝑦,𝑧) + 𝑒𝑣(𝑦;𝑥,𝑧)
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Supplemental Results 

 

Baseline Disciplined Choices Changed by Prime Condition 

 

  

 
 

Fig. S1. Percentages of healthy choices in Baseline image-image Conflict Trials, 

those trials in which one food was tastier but less healthy than the other (separated 

by prime group). The observed significant effect (t(69) = 1.19, p = 0.02) indicates 

that the priming of health goals increased the likelihood of a disciplined choice. 

Error bars represent standard error of the mean computed across participants. 
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Common Consequence Disciplined Choices Relative to Baseline  

 

 
Fig. S2. In this plot, data from Figure 3 are normalized with respect to the 

proportion disciplined choices in the Baseline task. The CI condition led to 

significant increases in disciplined choices for both priming groups, 

whereas the CD condition only had a significant (and much smaller) effect 

in individuals who had been primed to emphasize taste goals. Error bars 

represent standard error of the mean computed across participants. 

Significance indicators of ** and *** represent p <.01 and .001 

respectively. 

 

  



SUPPLEMENT: Indulgent foods promote disciplined choices Sullivan et al. 
 

 p. 7 

Individual Shifts in Disciplined Choices between Common Consequence Conditions 

 

 
 

Fig. S3. Percent healthy choices in Common Disciplined and Indulgent 

conditions, by individual. In plot (a), each data point represents the 

percentage of healthy choices in the Common Disciplined (CD; blue) and 

Common Indulgent (CI; yellow) conditions. Lines connect each 

individual’s behavior across CD and CI conditions. In plot (b), each data 

point represents the change in percentage of healthier choices from the 

Baseline task. 
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Percent Disciplined Choices by Condition Including NCC trials 

 

On most CC trials, the Gambles Task featured one food that was in both gambles – that 

is, it was a common consequence. Some trials used two foods matched on their health 

and taste ratings (and wanting ratings, if possible). Because very few trials featured either 

a non-identical “common” disciplined or indulgent food, these trials were not analyzed 

independently. However, when adding them to the rest of the common consequence 

trials, our behavioral effect remains unchanged (see Fig. S4). 

 

 
Fig. S4. Effect of common disciplined (CD) and common indulgent (CI) 

consequences on dietary choices, pooling between identically-matched 

common consequences, and “common consequences” only approximately 

matched on their food ratings. The dashed lines show the proportion of 

disciplined choices in the Baseline task for each group of participants. 

Error bars represent standard error of the mean computed across 

participants. Significance indicators of *, **, and *** represent p < .05, 

.01, and .001 respectively.  
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Value Normalization Simulations 

 

For a range of increasingly-indulgent taste-health pairs (Fig. S1B, from blue to pink), the 

subjective taste and health of the unique disciplined food improves relative to unique 

indulgent food, up to a point (Fig. S1B). In contrast, as the common disciplined option 

becomes more extreme (Fig S1B, from yellow to red), the unique disciplined option 

decreases in both taste and health. This alone could facilitate healthier choices by 

reducing the contrast in taste and health such that the less tasty, healthier option becomes 

more similar to its indulgent counterpart, and allow for preference reversals as the 

common consequence changes from indulgent to disciplined. 

 

In Baseline trials, that choice can be represented as a point in a two-dimensional space 

where the axes represent relative value associated with taste and with health (solid circle 

in Figures S1A-B). Introducing a disciplined common consequence (CI) will alter the 

relative subjective value of those two attributes, moving that choice point along a curve 

(cool colors). As the CI item becomes increasingly indulgent compared to the unique 

items, it will increase the subjective health advantage of the disciplined food and decrease 

the subjective taste advantage of the indulgent food – leading to a greater likelihood of a 

disciplined choice. Conversely, CD items will reduce the health advantage of disciplined 

foods and increase the taste advantage of indulgent foods, and thus potentiate indulgent 

choices. (Note that this simulation also predicts that these effects will disappear when the 

CC item is extremely different from both unique items, because those items will now 

seem very similar to each other; see bottom corner of graph in figure S5b.) 

 

 

 
Figure S5. Value normalization with a third option. Plot (a) displays the 

taste, on the x axis, and health, on the y axis, values of the third food (the 

“Common Consequence”, CC) used in the simulation choices. The 

Common Consequence begins at a neutral value on both taste and health 

(the black dot labeled B). Then the CC becomes progressively indulgent 

(tastier and less healthy; cool colormap) or progressively disciplined 

(healthier and less tasty; warm colormap). The two unique options in the 

simulated choices (which represent the Gamble Condition’s Unique 

Disciplined (UD) and Unique Indulgent (UI) foods) are also labeled on the 

graph. In plot (b), the normalized taste of the disciplined unique food 

relative to the indulgent unique food is plotted as a function of its relative 

health values. As the common indulgent (CI) consequence becomes 



SUPPLEMENT: Indulgent foods promote disciplined choices Sullivan et al. 
 

 p. 10 

increasingly extreme (tastier and less healthy; cool color map), the relative 

taste difference between the indulgent and disciplined food (x-axis) 

decreases, while its healthful advantage only increases. In contrast, as the 

common disciplined (CD) consequence gets more extreme (healthier and 

less tasty; warm color map), the disciplined common consequence 

decreases in both its taste and health advantage. In both plots, the point at 

which the cool and warm colors meet (black dot labeled B) is the case in 

which the Common Consequence is equal in both taste and health (that is, 

neither health nor taste has an advantage), to represent a case like the 

Baseline task in which there is no third food. Plot (c) illustrates the change 

in simulated attribute weights for the unique disciplined item associated 

with the introduction of a common consequence. As a Common Indulgent 

(CI) food becomes increasingly tastier and less healthy, the weight placed 

on the taste of the unique disciplined item decreases, and the weight for 

health increases (cool colors). Conversely, as a Common Disciplined (CD) 

becomes increasingly healthy and less tasty (warm colors), the weight 

placed on the taste of the unique disciplined item increases and the 

decision weight for health decreases. For comparison, the black dot 

represents neutrality in both taste and health (cf. the Baseline task, B), and 

decision weights are normalized relative to this case for ease of reference. 

 

 

 

 

 
Fig. S6. The distribution of predicted shift in disciplined choices from CI 

to CD conditions, as predicted by value normalization. The back line plots 

the mean. 
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Common Consequence Decision Weights  

 

As expected by individuals’ overwhelming preference for taste (Sorensen, Moller, Flint, 

Martens, & Raben, 2003), taste had a larger weight in choice than did health for both 

prime groups in both the Baseline Task and in both CC conditions (Figure 5; Baseline 

task: all participants, d = 2.40, t(70) = 10.27, p < 1x10-10; Health prime,  d = 1.71, t(34) = 

5.12, p = 1x10-5; Taste Prime,  d = 3.48, t(35) = 10.58, p < 1x10-10; CI condition: all 

participants, d = 2.79, t(70) = 13.05, p < 1x10-10; Health prime, d = 2.44, t(34) = 7.74, p = 

5x10-9; Taste Prime, d = 3.22, t(35) = 11.10, p < 1x10-10; CD condition: all participants, d 

= 2.78, t(70) = 12.86, p < 1x10-10; Health prime, d = 2.51, t(34) = 7.84, p = 4x10-9; Taste 

prime, d = 3.09, t(35) = 10.59, p < 1x10-10. 

 

Common Consequence Decision Weights Relative to Baseline 

 

 
Fig. S7. The shift in taste and health decision weights from the Baseline to 

CD and CI conditions is plotted in (b), collapsed across participant groups. 

Error bars represent standard error of the mean computed across 

participants. Significance indicators of *, **, and *** represent p < .05, 

.01, and .001 respectively. 
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Influence of Task Order on Behavior 

 

In this study, the Baseline Task always preceded the CC Task. This was done to 

minimize concerns about behavioral contamination (e.g., that the Baseline Task could be 

influenced by the CC Task, preventing us from cleanly estimating the effects of the 

common consequence). To investigate any potential influence of this task order, we 

performed the following analysis. We ran a full mixed-effects regression with left option 

choice predicted by trial food wanting (left minus right, normalized to -1 to 1; see later 

responses for the reason for norming ratings), an indicator for baseline (0) or Common 

Consequence Task (1), trial number, and wanting*task, wanting*trial, and task*trial 

interactions.  

 

The results from this analysis show that our observed effects of task are independent of 

any effects of trial. We found a significant effect of wanting (slope = 5.46, p = 6x10-56), a 

significant effect of task (slope = 0.44 p = 2x10-5), and no significant effect of trial 

number (slope = 6x10-5, p = .85). We also found that wanting was a stronger predictor of 

choice in the Common Consequence Task (task*wanting slope = 3.74, p = 3x10-20). 

Wanting became less significantly predictive of choice as the trial number increased 

(trial*wanting slope = -0.005 p = 2x10-9). The interaction between task type and trial 

number was not significant (slope = -0.0001, p = .75). This indicates that wanting had 

less influence upon choices as trials progressed within a task, but that there was an 

overall increase in effect of wanting from the first task to the second. 

 

These analyses show that our observed difference between tasks remained significant, 

even when controlling for trial number, and that that order effects, while important for 

many phenomena, are not driving the greater influence of wanting on choice in the CC 

task. 
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Influence of Differences in the Difficulty of Making a Disciplined Choice Across 

Conditions 

 

To properly evaluate behavioral differences in disciplined choices between conditions, it 

is important to ensure that the difficulty of making a disciplined choice did not 

significantly differ between conditions. To ensure this, we performed the following two 

analyses.   

 

First, we examined whether differences in choices between baseline and CC trials 

depended on taste, health, and wanting rating differences, used as proxies for choice 

difficulty. To do this, we first examined whether difference in disciplined choices from 

the Baseline to CI task (for each individual) was predicted by the mean absolute value of 

the difference in wanting, taste, and health between options (e.g., mean of |Wantingleft – 

Wantingright| for all trials in a given task). We found that there was no significant 

relationship for any variable (wanting, p=.55; taste, p=.51; health, p=.39). Second, we 

performed the same analysis to ensure that the shift in disciplined choices from CD to CI 

was not related to the difference in ratings. We again found no significant relationship 

here (wanting p = .42; taste p = .29; health p = .66). Note that because there was no 

behavioral difference in proportion healthy choices from Baseline to CD trials, we did not 

conduct this analysis for the different between those trial types. 

 

Second, we attempted to ensure that there were no differences between the critical CI and 

CD trials on the difficulty of making a healthy choice by examining whether the CI and 

CD trial conditions were matched for mean difference in rating measures. That is, was the 

mean value of |Wantingleft – Wantingright| (and the other ratings) similar across these two 

conditions? If so, then condition differences in those rating measures (and associated 

choice difficulty) could not be drivers of our observed difference in choices. We found no 

significant differences between these conditions for differences in mean wanting rating 

(CI Wanting = 1.66, SD = 0.47; CD Wanting = 1.67, SD = 0.46), mean taste rating (CI 

Taste mean = 1.69, SD = 0.58; CD Taste mean = 1.72, SD = 0.55), or mean health rating 

(CI Health mean = 2.21, SD = 0.48; CD Health mean = 2.21, SD = 0.47). This means that 

the large-magnitude difference in proportion of healthy choices (cf. Figure 3) cannot be 

attributed to the ratings of the foods used in each condition. 

 

Further, to ensure that the effect of disciplined choices between CI and CD conditions 

was not driven by differences in the difficulty of making a disciplined choice between the 

two conditions, we performed the following analysis. First, ratings for taste and health 

were normalized from 1 to 5 across all three conditions: Baseline, CD, and CI. Next, taste 

and health decision weights for these three conditions were estimated as described in the 

Results section entitled “Attribute decision weights and common consequence: 

Experimental evidence”, using the normalized ratings instead. As shown below (Figure 

S7), decision weights for the CI and CD conditions are in the same direction as seen 

without normalization (main text Figure 5) and the differences remain significantly 

different. 

 



SUPPLEMENT: Indulgent foods promote disciplined choices Sullivan et al. 
 

 p. 14 

Together, these results indicate that the differences in the weight placed on taste and 

health between the CI and CD conditions are not driven by any differences in the spread 

of ratings between these conditions. 

 

 
Figure S8. Decision weights by Task and CC condition, estimated using food attribute 

ratings normalized across all conditions. The bar graph plots the influence of taste and 

health information, as estimated by logistic decision weights, upon decisions involving 

common disciplined (CD) or indulgent (CI) common consequences.  The dashed lines 

represent decision weights in the Baseline task for each priming group. For all panels, 

error bars represent standard error of the mean computed across participants. Significance 

indicators of *, **, and *** represent p < .05, .01, and .001 respectively. 

 

 


