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Abstract
Previous research has documented the influence of eating together on people’s food expectations and choices. We conducted 
an fMRI study to investigate the influence of the label “eating together” on behavioral and brain responses to healthy or 
unhealthy foods. The participants (N = 28, 13 females; mean age = 21.19) viewed food photos presented with a label of “eat-
ing together” or “eating alone” and estimated the palatability, pleasantness, and desirability of each food. The label “eating 
together” elicited more positive ratings for both healthy and unhealthy foods than the label “eating alone,” and this effect of 
social context was larger for unhealthy than healthy foods. The label “eating together” also elicited greater activation in the 
left insula and the right posterior insula for unhealthy foods (p = 0.001 and p = 0.004, whole-brain corrected, respectively). 
These findings suggest that a label of “eating together” can enhance the reward values of foods, with a potentially greater 
enhancement for unhealthy foods.
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As social creatures, we spend much of our lives in the com-
pany of other people and participate in many hedonic con-
sumption activities with others, such as watching a movie 
in a theater or eating at a restaurant. Compared to consum-
ing alone, we often find hedonic activities more enjoyable 
when engaging with companions (Ragunathan & Corfman, 
2006; Ramanathan & McGill, 2007), which can also acti-
vate a sense of co-experience (Bhargave et al., 2018). When 
co-experiencing and co-attending with others, people are 
more likely to engage in elaborative processing of the stimu-
lus (Shteynberg et al., 2014) and allocate more cognitive 
resources to the co-attended stimulus (Shteynberg & Apfel-
baum, 2013), resulting in better memories and behavioral 
learning (Shteynberg, 2015). Co-experiencing with close 
others is especially rewarding, as evidenced by more positive 

ratings of the stimuli (Boothby et al., 2017) as well as greater 
activation in reward-related regions of the brain (Wagner 
et al., 2015).

One common example of consuming together in daily life 
is eating with others. Eating together refers to a situation in 
which diners simultaneously consume food in each other’s 
company, regardless of whether they are sharing food or not. 
Eating together is more desirable than eating alone across 
many cultures (Bloch, 1999; Pliner & Bell, 2009; Ratner & 
Hamilton, 2015). Eating with others can make diners hap-
pier, presumably since pleasant food might seem to taste 
better when people are eating with friends than when eating 
alone (Herman, 2015; Hetherington et al., 2006). Even eat-
ing with a stranger without any communication can amplify 
the food experience such that foods are perceived as more 
delicious and flavorful (Boothby et al., 2014). Moreover, 
eating together can provide diners opportunities to commu-
nicate (Julier, 2013), facilitate social bonding (Cummings & 
Tomiyama, 2019; Giacoman, 2016), and alleviate feelings 
of loneliness (Wang et al., 2021b). Collectively, such find-
ings suggest that eating with others is intrinsically pleasant 
(Dunbar, 2017).

Recent studies have also demonstrated the influence of 
eating together on people’s food expectations and choices. 
Maldoy et al. (2021) showed photos of eating scenarios to 
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participants and asked them to estimate the pleasure induced 
by each eating context. The participants rated eating healthy 
food together as eliciting marginally more pleasure than eat-
ing the same food alone, whereas no such effect was found 
for eating unhealthy food. In other studies, participants 
reported different probabilities of choosing a certain food 
in scenarios of eating together and eating alone when each 
eating scenario was described by a sentence (Wang et al., 
2021a) or a combination of a sentence and a photo (Wang 
et al., 2021b). For example, participants reported that they 
were more likely to choose unhealthy foods when eating 
together compared to eating alone (Wang et al., 2021b). 
Moreover, a recent study showed that the mere anticipation 
of eating with others can promote the selection of larger 
meals for subsequent consumption (Ruddock et al., 2021). 
Collectively, these findings provide empirical evidence 
regarding the influence of eating together on food expecta-
tions and choices when exposing participants to brief depic-
tions of eating together without placing them in real eating 
scenarios.

Moreover, previous research has demonstrated that a sim-
ple label (consisting of only a phrase) can convey informa-
tion about the attributes of foods and influence behavioral 
or brain responses to those foods. For example, Grabenhorst 
et al. (2008) found that presenting a label about hedonic taste 
benefit (e.g., “rich and delicious”) could enhance the expe-
rienced pleasantness of liquid food, indexed by both higher 
subjective ratings and greater activation in the orbitofrontal 
cortex (OFC). Similarly, the presence of this type of taste-
related label also increased the expected pleasantness of 
foods shown in images and biased the brain’s valuation sys-
tem toward certain properties of foods (Grabenhorst et al., 
2013). However, it remains unclear whether labels about the 
social context may also modulate people’s expectations of 
and responses to foods.

Considering the strong influence of social context on 
humans’ eating behaviors (Herman, 2015; Higgs & Thomas, 
2016), it seems reasonable to expect that adding a simple label 
about the social context of eating a certain food might also 
influence behavioral or brain responses to that food. While we 
did not intend to equate the sight of an “eating together” label 
with the actual co-experiencing of food, we hypothesized that 
the presentation of an “eating together” label might be effec-
tive enough to remind the observers of the hedonic benefits 
provided by such a social context and to elicit experience-
based expectations about the additional rewards of eating food 
(a reward in itself) in this social context. Therefore, we pre-
dicted an increase in the rewarding values of a food presented 
with an “eating together” label compared to the same food 
presented with an “eating alone” label. The findings of this 
study might explain how food labeling can be utilized as an 
effective marketing strategy to enhance hedonic expectations 
(Harris et al., 2009) and provide novel insights into how the 

food labels about social context might be used to nudge con-
sumers toward healthier food-related behaviors.

We conducted a neuroimaging study to test our research 
hypothesis and measured the rewarding values of presented 
foods by analyzing neural responses during food viewing. 
While the participants underwent fMRI scans, they were 
shown images of food with “eating together” or “eating alone” 
labels. In order to measure the rewarding values of these foods 
via behavioral data, we asked the participants to provide rat-
ings of the following  attributes for each image: (1) the palat-
ability of the food (i.e., the pleasantness of the taste of the 
food), which we used to assess the hedonic component of the 
food reward (Berridge, 1996); (2) the pleasantness of eating 
the food, which we used to measure the hedonic value of the 
food; and (3) the desire to eat the food, which we used to assess 
the momentary value of the food to the participants (Rogers & 
Hardman, 2015). Considering the different result patterns for 
eating healthy and unhealthy foods in Maldoy et al. (2021), we 
manipulated the healthiness of food by presenting images of 
high- and low-calorie foods (Nook & Zaki, 2015; Tang et al., 
2014) and manipulated the saliency of food healthiness via 
the presence or absence of a label to signify its calorie level 
(Grabenhorst et al., 2013).

We also measured the rewarding values of the foods by ana-
lyzing neural responses during food viewing. A range of brain 
regions have previously been characterized as being reward 
-related. Neural activity in the OFC and the insula may be 
particularly sensitive to the modulation of eating together (vs. 
eating alone) for three reasons. First, these two brain regions 
have been characterized as cortical hedonic hotspots for food 
reward because they can causally amplify the hedonic impact 
of palatable tastes (Morales & Berridge, 2020). Even though 
our participants were not actually tasting any food in this study, 
we did ask them to estimate the palatability of food shown 
as images. Second, these two brain regions have both been 
shown to be very sensitive to food stimuli, as they can be acti-
vated by only viewing food images (Simmons et al., 2005; 
Zhou et al., 2019). Third, both regions have been associated 
with the desire to eat (Pelchat et al., 2004). This is relevant to 
our study because we also used ratings of desire to eat a cer-
tain food to assess the momentary value of each food labeled 
with an eating context (Rogers & Hardman, 2015). Despite 
these speculations regarding the related regions of the brain, 
we chose to perform unbiased whole-brain analyses of our 
neuroimaging data.

Materials and Methods

Participants and Recruitment

Twenty-eight healthy, right-handed Chinese young adults 
(mean age = 21.19 ± 2.09 years; mean BMI = 21.73 ± 
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3.61; 13 females and 15 males) were recruited to take part 
in the present study. The participants were undergraduate or 
graduate students at Tsinghua University in Beijing, China. 
All reported having normal or corrected-to-normal vision 
without color blindness and having no neurological or psy-
chological illness. They were asked not to eat for at least one 
hour before the study so they would be mildly hungry and 
motivated to eat during the experiment.

The present study was approved by the Institution Review 
Board of Tsinghua University, and performed in accordance 
with the ethical standards laid down in the Declaration of 
Helsinki. Each participant gave written informed consent 
prior to the experiment, and received 140 Chinese Yuan 
(equal to approximately 21.6 USD) for taking part in this 
study. We used G*Power 3.1 software (Faul et al., 2007, 
2009) to conduct a power analysis. We used a 2 × 2 × 2 
within-participant design where a sample size of 28 could 
detect the effects with effect size f ≥ 0.27, statistical power 
= 0.80, and alpha = 0.05.

Apparatus and Stimuli

Each participant took part in this study individually, and 
we made sure that no other people were physically present 
while the participant performed the experimental task. A 
Pentium-based computer with E-Prime 2.0 software (Psy-
chology Software Tools, Pittsburg, PA, USA) installed was 
placed in a testing room outside the scanner room and used 
to run the experiment. Inside the scanner room, the stimuli 
were presented via an LCD projector onto a rear projection 
screen at the head end of the scanner and viewed via an 
angled mirror positioned attached to the head coil. A 4-key 
response box was used to collect the participants’ behavioral 
responses inside the scanner; accordingly, we used 4-point 
scales for the rating task.

We selected 30 photos of foods from those used by Hare 
et al. (2009) (N = 27) and an image database called Food-
pics (N = 3) developed by Blechert et al. (2014). We only 
chose foods commonly seen in the local market, and each 
food was presented on a black background during the experi-
ment. Similar to Nook and Zaki (2015), we used high-caloric 
foods (e.g., highly processed snacks or candies) to represent 
unhealthy food and low-caloric foods (e.g., fruits) to repre-
sent healthy food in this study.

A label concerning the context of eating (“eating 
together” or “eating alone”) was presented for each food 
image. In order to control for the possible differences among 
varied partners (e.g., family, friends, or colleagues), we did 
not specify which person to eat with during any stage of the 
study. Similar to Grabenhorst et al. (2013), a label about 
food healthiness (low-caloric or high-caloric) was also pre-
sented for each image in half of the experimental trials. It 
is worth noting that Grabenhorst et al. (2013) compared 

the influence of the presence and absence of the healthi-
ness labels, so we also used a similar experimental design to 
explore whether the presence/absence of healthiness labels 
can influence the effect of expected eating situations on food 
ratings. As shown in Fig. 1, each context or healthiness label 
consisted of three or four Chinese characters, and all labels 
were shown in white text against a black background.

Design and Procedure

We used a 2 (social context: eating together or eating alone) 
× 2 (food type: healthy or unhealthy food) × 2 (healthiness 
label: present or absent) within-participant design, result-
ing in four experimental conditions for each type of food. 
Each food image was presented once for each experimental 
condition, resulting in a total of 120 trials. Each label was 
presented above or below the food image, and the location 
of each label was quasi-randomly determined for each trial, 
with the constraint that each label was presented at each 
location for an equal number of trials during the whole 
experiment. We used a randomized event-related design, so 
the 120 trials were randomly divided into 6 runs of 20 trials 
each. Each run started with resting for 20 s, and then 20 tri-
als were presented in a random order. Each trial lasted 20 s 
on average, so each run lasted seven minutes.

As shown in Fig. 2, each trial started with presenting a 
food image for 4 s, followed by a fixation screen for 3 s. 
After that, three rating screens were presented in a random 
order, and each screen consisted of instructions indicating 
the attribute being rated and four answer options. For each 
food image, the participants were asked to estimate how pal-
atable the food would be, how pleasant it would be to eat the 
food, and their desire to eat the food, all on a four-point scale 
with 1 = “not at all” and 4 = “very much.” The participants 
were asked to complete each rating task within 3 s. Specifi-
cally, they were instructed to use the left index, left middle, 
right index, or right middle finger to press one of the keys 
on the four-key response box to choose a number from 1 to 
4. Trials were separated by a randomly jittered inter-trial 
interval of 2 s to 6 s, and each trial lasted 18 s to 22 s. The 
total scanning time was approximately 50 minutes. Before 
the scan started, each participant also completed 12 practice 
trials in the resting room outside the scanner room to famil-
iarize themselves with the task.

Imaging Data Acquisition and Analysis

The MRI data were acquired on a Philips Ingenia 3.0T CX 
MRI system with a 32-channel head coil. Functional images 
were acquired using a T2-weighted echo-planar imaging 
(EPI) sequence, with the number of slices = 32, repetition 
time = 2000 ms, echo time = 35 ms, flip angle = 90°; thick-
ness = 5 mm, gap = 1 mm, and resolution = 96 mm × 96 
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mm. In order to improve the normalization of the functional 
data, high-resolution T1-weighted anatomical images were 
acquired, with the number of slices = 160, repetition time = 
8.2 ms, echo time = 3.8 ms, flip angle = 8°; thickness = 1 
mm, acquisition matrix = 256 × 256 × 160 voxels, field of 
view (FOV) = 256 mm, voxel size = 1 mm × 1 mm × 1 mm. 
The phase encoding was performed in the left–right direc-
tion, and three orientations of the EPI sequence (coronal, 
axial, and sagittal) were randomized within each run.

We used SPM12 (Wellcome Department of Cognitive 
Neurology, London, UK) implemented in MATLAB 2020a 
software (MathWorks, Inc., USA) to preprocess the imag-
ing data, including making corrections for slice time and 
for head motion using a six-parameter rigid body algo-
rithm. Estimated translation and rotation parameters were 
inspected and never exceeded 2 mm or 2°, respectively. The 

six estimated movement parameters were added as covari-
ates in the first-level model. All functional images were rea-
ligned to the structural images and spatially normalized to 
the Montreal Neurological Institute (MNI) template with 
a voxel size of 3 mm × 3 mm × 3 mm, and smoothed with 
a Gaussian kernel of 6 mm full-width at half-maximum to 
decrease spatial noise.

Statistical analyses were performed using the two-stage 
general linear model (GLM) approach implemented in 
SPM12. For the analysis at the single-subject level 
(i.e., the first stage), an event-related design matrix was 
applied by using SPM’s canonical hemodynamic response 
function with temporal and dispersion derivatives and by 
modeling the 8 experimental conditions (eating alone/
together × unhealthy/healthy foods × healthiness labels 
present/absent) during the phase of image viewing. For 

Fig. 1  Sample illustrations of images of unhealthy or healthy foods 
labeled with “eating together” or “eating alone” with or without 
healthiness labels. Note that the labels of social context might be pre-

sented above or below the food image during the study, and they are 
shown above the food image in this figure for illustrative purposes.

Fig. 2  An illustration of a trial in the fMRI study
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the second stage of the analyses, we conducted 2 (social 
context: eating together or eating alone) × 2 (food type: 
healthy or unhealthy food) × 2 (healthiness label: present 
or absent) repeated measures analyses of variance (ANO-
VAs) within the whole brain. Statistical maps were thres-
holded at p < 0.001 (uncorrected) for a minimal cluster 
size of 20 voxels, and clusters were considered significant 
if they passed a threshold of p < 0.05 after the family-
wise error (FWE) correction.

Results

Manipulation Check

In order to double-check our manipulation of food health-
iness, 17 new participants were recruited from the subject 
pool mentioned above to rate the images without under-
going fMRI scanning. For each food image used in the 
fMRI study, these participants were asked to rate how 
healthy the food was on a four-point scale with 1 = “not 
at all” and 4 = “very much.” The results revealed lower 
healthiness ratings for the high-caloric foods than for the 
low-caloric ones (1.54 vs. 3.71), F(1, 16) = 310.64, p < 
0.001, ηp

2 = 0.95. These results suggested that our manip-
ulation on food healthiness was valid. Similarly, we asked 
these participants to rate the palatability of each food on a 
four-point scale. The participants gave lower scores to the 
high-caloric foods than to the low-caloric ones (2.85 vs. 
3.38), F(1, 16) = 8.33, p = 0.011, ηp

2 = 0.34. This pattern 
was consistent with what we found in the fMRI study.

Behavioral Results

As mentioned above, our participants were asked to com-
plete three rating tasks for each food image and to provide 
each rating within 3 s. Preliminary analyses revealed a high 
completion rate of 97.5% for the rating tasks. The mean 
scores of palatability, pleasantness of eating, and desire to 
eat are summarized in Table 1. We performed social context 
× food type × healthiness label repeated measures ANOVAs 
on these data.

First, the results revealed a significant main effect of 
social context on the palatability scores [F(1, 27) = 17.51, 
p < 0.001, ηp

2 = 0.39], the pleasantness-of-eating scores 
[F(1, 27) = 24.51, p < 0.001, ηp

2 = 0.48], and the desire-to-
eat scores [F(1, 27) = 21.36, p < 0.001, ηp

2 = 0.44]. These 
results indicated that foods labeled with “eating together” 
were considered more palatable (2.91 vs. 2.77), more pleas-
ant to eat (2.95 vs. 2.74), and more desirable (2.79 vs. 2.60) 
compared to the same foods labeled with “eating alone.” The 
main effect of food type was also significant for the palat-
ability scores [F(1, 27) = 4.81, p = 0.037, ηp

2 = 0.15], the 
pleasantness-of-eating scores [F(1, 27) = 4.78, p = 0.038, 
ηp

2 = 0.15], and the desire-to-eat scores [F(1, 27) = 9.07, p 
= 0.006, ηp

2 = 0.25]. These results indicated that the healthy 
foods were rated as more palatable (2.99 vs. 2.68), more 
pleasant to eat (3.00 vs. 2.69), and more desirable (2.93 vs. 
2.47) compared to the unhealthy foods. However, these main 
effects were qualified by the significant social context × food 
type interaction terms for the palatability scores [F(1, 27) 
= 10.68, p = 0.003, ηp

2 = 0.28], the pleasantness-of-eating 
scores [F(1, 27) = 7.23, p = 0.012, ηp

2 = 0.21], and the 
desire-to-eat scores [F(1, 27) = 8.34, p = 0.008, ηp

2 = 0.24].
In order to interpret the social context × food type interac-

tion terms, we combined the data of trials with and without 

Table 1  Mean scores of palatability, pleasantness of eating, and desire to eat on 4-point scales (with SD in parentheses)

Ratings Food type Label of social context Healthiness label

Present Absent

Palatability Healthy Eating alone 2.98 (0.45) 2.94 (0.46)
Eating together 2.98 (0.45) 3.06 (0.47)

Unhealthy Eating alone 2.59 (0.52) 2.55 (0.53)
Eating together 2.78 (0.47) 2.81 (0.46)

Pleasantness of eating Healthy Eating alone 2.98 (0.42) 2.90 (0.47)
Eating together 3.02 (0.45) 3.11 (0.44)

Unhealthy Eating alone 2.54 (0.56) 2.52 (0.60)
Eating together 2.83 (0.58) 2.85 (0.51)

Desire to eat Healthy Eating alone 2.88 (0.44) 2.87 (0.48)
Eating together 2.93 (0.51) 3.03 (0.48)

Unhealthy Eating alone 2.34 (0.54) 2.32 (0.55)
Eating together 2.55 (0.55) 2.67 (0.49)
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the healthiness labels and performed one-way repeated 
measures ANOVAs for each type of food separately. For 
the healthy foods, the main effect of social context was sig-
nificant for both the pleasantness-of-eating scores [F(1, 27) 
= 10.00, p = 0.004, ηp

2 = 0.27] and the desire-to-eat scores 
[F(1, 27) = 5.77, p = 0.023, ηp

2 = 0.18], whereas this trend 
did not reach the significance level for the palatability scores 
[F (1, 27) = 3.19, p = 0.085, ηp

2 = 0.11]. For the unhealthy 
foods, the main effect of social context was significant for 
the palatability scores [F(1, 27) = 19.11, p < 0.001, ηp

2= 
0.41], the pleasantness-of-eating scores [F(1, 27) = 20.91, 
p < 0.001, ηp

2 = 0.44], and the desire-to-eat scores [F(1, 27) 
= 22.26, p < 0.001, ηp

2 = 0.45]. Therefore, we calculated 
the magnitude of the social context effect by subtracting the 
scores of the eating-alone trials from those of the eating-
together trials. As shown in Fig. 3, the results revealed a 
greater effect of social context on the palatability scores 
[F(1, 27) = 10.68, p = 0.003, ηp

2 = 0.28], the pleasantness-
of-eating scores [F(1, 27) = 7.23, p = 0.012, ηp

2 = 0.21], 
and the desire-to-eat scores [F(1, 27) = 8.34, p = 0.008, ηp

2 
= 0.24] for the unhealthy foods than for the healthy foods.

Moreover, the social context × food type × healthi-
ness label ANOVAs revealed a significant main effect of 
healthiness label on the rating of desire to eat [F(1, 27) = 
6.93, p = 0.014, ηp

2 = 0.20]. However, this main effect was 
qualified by a social context × healthiness label interaction 
term, which was significant for the palatability scores [F(1, 
27) = 6.80, p = 0.015, ηp

2 = 0.20], the pleasantness-of-eat-
ing scores [F(1, 27) = 13.02, p = 0.001, ηp

2 = 0.33], and 
the desire-to-eat scores [F(1, 27) = 10.00, p = 0.004, ηp

2 
= 0.27]. None of the other main or interaction effects were 
significant, all Fs < 2.38, ps > 0.13. In order to interpret 

the significant social context × healthiness label interac-
tion terms for all three measures, we combined the data of 
healthy and unhealthy foods. In the presence of healthi-
ness labels, one-way repeated measures ANOVAs on these 
data revealed a significant main effect of social context 
on the palatability scores [F(1, 27) = 5.53, p = 0.026, 
ηp

2 = 0.17], the pleasantness-of-eating scores [F(1, 27) = 
12.67, p = 0.001, ηp

2 = 0.32], and the desire-to-eat scores 
[F(1, 27) = 7.92, p = 0.009, ηp

2 = 0.23]. In the absence of 
healthiness labels, one-way repeated measures ANOVAs 
revealed a significant main effect of social context on the 
palatability scores [F(1, 27) = 23.24, p < 0.001, ηp

2 = 
0.46], the pleasantness-of-eating scores [F(1, 27) = 34.20, 
p < 0.001, ηp

2 = 0.56], and the desire-to-eat scores [F(1, 
27) = 32.05, p < 0.001, ηp

2 = 0.54]. Therefore, we calcu-
lated the magnitude of the social context effects for foods 
with healthiness label present and foods with healthiness 
labels absent separately, by subtracting the scores of the 
eating-alone trials from those of the eating-together tri-
als. As can be seen in Fig. 4, one-way repeated measures 
ANOVAs revealed that the presentation of healthiness 
labels decreased the effects of social context on the palat-
ability scores [F(1, 27) = 6.80, p = 0.015, ηp

2 = 0.20], 
the pleasantness-of-eating scores [F(1, 27) = 13.02, p = 
0.001, ηp

2 = 0.33], and the desire-to-eat scores [F(1, 27) 
= 10.00, p = 0.004, ηp

2 = 0.27].
We also performed a principal component analysis (PCA) 

to examine the collinearity among the three dependent vari-
ables. The results revealed that separate factors for the pleas-
antness of eating, palatability, and desire to eat could explain 
91.7%, 6.5%, and 1.8% of the variance, respectively. These 
results revealed significant collinearity.

Fig. 3  The effects of social context on the ratings of the healthy and unhealthy foods. Note that the error bars show the standard errors of the 
means; * denotes p < 0.05, and ** denotes p < 0.01
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Neural Responses During Food Viewing

We conducted social context × food type × healthiness 
label repeated measures ANOVAs on the neuroimaging 
data within the whole brain. The results revealed a signifi-
cant interaction term between social context and food type 
for the activation in the left insula, peak MNI coordinates 
= [−39, −12, 9], Z = 4.02, k = 46, pcorr = 0.064, and in 
the right posterior insula, peak MNI coordinates = [35, 
−27, 12], Z = 3.88, k = 107, pcorr = 0.002. None of the 
other main or interaction effects were significant for the 
left or right posterior insula. Moreover, none of the main 
or interaction effects were significant for the OFC or other 
brain regions.

In order to interpret the significant effects of the social 
context and food type interaction terms on the activation 

in the left insula and the right posterior insula, we com-
bined the data for foods with and without the healthiness 
labels and performed pairwise comparisons between the 
foods labeled with “eating together” and “eating alone” 
for the healthy and unhealthy foods separately. As shown 
in Fig. 5, the results revealed greater activation in the left 
insula, peak MNI coordinates = [−33, −15, 3], Z = 3.57, 
k = 354, pcorr = 0.001, and in the right posterior insula, 
peak MNI coordinates = [51, −18, 9], Z = 3.73, k = 280, 
pcorr = 0.004, in response to unhealthy foods labeled with 
“eating together” compared to the same foods labeled with 
“eating alone.” As shown in Fig. 6, no such results were 
significant for the healthy foods after FWE corrections.

We also conducted correlational analyses to explore 
whether there were any significant correlations between the 
neuroimaging and behavioral effects in the present study. 
Specifically, we calculated the magnitudes of the effects of 

Fig. 4  The effects of social context on the ratings of foods with or without healthiness labels. Note that the error bars show the standard errors of 
the means; * denotes p < 0.05, and ** denotes p < 0.01

Fig. 5  The whole-brain analysis revealed greater activation in the left insula and the right posterior insula in responses to unhealthy foods 
labeled with “eating together” compared to the same foods labeled with “eating alone”
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social context by subtracting the results of eating alone from 
those of eating together but found no significant correlations 
between the effects of social context on the rating scores and 
those on the significant insula clusters (see Table 2).

It should be noted that the presence or absence of the 
healthiness label was considered one of the independent var-
iables in the present study, as the two labels were competing 
for the participants’ attention when a healthiness label was 
present. Considering that the healthiness labels were pre-
sented on some of the trials, there might be a carryover effect 
even if no healthiness labels were present on other trials. 
That is, the participants might still remember the healthiness 
labels even when they were absent in certain trials. In order 
to unconfound this carryover effect, we also combined the 
data of the trials with or without the healthiness labels and 
performed the social context × food type repeated meas-
ures ANOVAs on our neuroimaging data. The results again 
revealed a significant interaction term between social context 
and food type for the activation in the left insula, peak MNI 
coordinates = [−39, −24, −6], Z = 3.79, k = 235, pcorr = 
0.012, and in the right insula, peak MNI coordinates = [30, 
−12, −6], Z = 3.59, k = 317, pcorr = 0.002. These results 
were in line with what we found in the social context × food 
type × healthiness label analyses.

Discussion

In summary, two major findings have emerged from the 
present study. First, the behavioral results revealed that 
foods labeled with “eating together” were considered more 

palatable, more pleasant to eat, and more desirable com-
pared to the same foods labeled with “eating alone.” These 
results are in line with the positive effects of co-experiencing 
that previous research has documented with visual stimuli 
(Boothby et al., 2017; Wagner et  al., 2015) or pleasant 
foods (Boothby et al., 2014). Our results suggest that the 
social context effect is very robust, as its magnitude could 
be decreased (presumably due to attention distraction) but 
not eliminated by the presentation of another label about 
food healthiness. These findings confirm the speculation that 
people expect foods to be more palatable when eating with 
others than when eating alone (Herman et al., 2019) and 
thus provide more empirical evidence regarding why eating 
together is more desirable than eating alone (Bloch, 1999; 
Pliner & Bell, 2009; Ratner & Hamilton, 2015).

Second, the behavioral and neuroimaging results of this 
study consistently revealed greater effects of social context 

Fig. 6  The beta estimates for the significant insula clusters in responses to unhealthy foods labeled with “eating together” or “eating alone,” 
compared to the non-significant results of healthy foods. Note that ** denotes p < 0.01 after FWE correction

Table 2  The results of correlations between the effects of social con-
text on the rating scores and those on the significant insula clusters

Effects of social context Palatability Pleasant-
ness of 
eating

Desire to eat

Left insula r 0.16 0.17 -0.03
p 0.41 0.39 0.88
N 28 28 28

Right posterior insula r 0.18 0.20 0.01
p 0.36 0.30 0.96
N 28 28 28
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for unhealthy foods than for healthy foods, even though we 
did not find significant correlations between the magnitudes 
of the social context effects in the neuroimaging and behav-
ioral results. Specifically, we observed greater activation of 
the left insula and the right posterior insula in response to the 
unhealthy foods labeled with “eating together” compared to 
the same foods labeled with “eating alone” whereas no such 
pattern was observed for healthy foods. These findings are in 
line with the previously documented association between the 
insula and the hedonic components of food reward (Morales 
& Berridge, 2020), though it has been argued that not all 
sub-regions of the insula are involved in encoding or pre-
dicting reward (Rolls, 2004). Previous studies have consist-
ently revealed enhanced activation in vision-associated brain 
areas to images of high-calorie foods compared with those 
of low-calorie foods, whereas they have provided less con-
sistent evidence about enhanced activation in brain areas 
associated with motivational processes, such as the insula 
(Beaver et al., 2006; Cornier et al., 2007; Goldstone et al., 
2009; Killgore et al., 2003; Passamonti et al., 2009). The 
insula has been suggested to play a key role in mediating 
expectations of the hedonic value of a food reward based on 
previous hedonic experience (Berridge, 2001). Therefore, 
the increase in the reward values of foods labeled with “eat-
ing together” may be attributed to the expectations about 
the additional rewards of eating the foods with other people 
based on previous experiences of eating together.

It should be noted that we did not intend to equate view-
ing an image of food labeled with “eating together” with 
the actual co-experiencing of food, though our findings on 
viewing these food images may shed light on the influence 
of actually eating together. The findings of this study suggest 
that simply adding a label of “eating together” is sufficient to 
remind observers of the hedonic benefits provided by such 
a social context (compared to eating alone), resulting in 
enhanced hedonic expectations as well as increased reward 
value for the food. Our findings are in line with the previous 
finding that a simple label can convey crucial information 
about a food and thus influence both the subjective ratings 
of foods and activation in reward-related regions of the brain 
(Grabenhorst et al., 2008, 2013).

For the foods selected for the present study, consistent 
findings about palatability ratings were obtained from the 
participants of our fMRI study and an additional experi-
ment was conducted for the manipulation check. Similar pat-
terns (i.e., a higher rating of palatability and greater desire 
to eat for low-caloric foods than for high-caloric foods) were 
also obtained with varied sets of food images and measure 
scales, such as the normative data of the Food-pics database 
that Blechert et al. (2014) obtained with 1,988 participants 
and 100-point scales or the results of (Wang et al., 2021b) 
obtained with a different set of eight images and seven-point 
scales. Similar reasons may account for the discrepancy 

between our study and Maldoy et al. (2021). That is, we 
obtained a more substantial effect of eating together for 
unhealthy foods than for healthy foods, whereas this effect 
of eating together was only marginally significant for healthy 
foods and not significant for unhealthy foods in Maldoy et al. 
(2021).

It should be noted that unhealthy foods were rated as 
being less palatable, less pleasant to eat, and less desirable 
than healthy foods in the present study. These results are 
inconsistent with the intuitive belief that healthiness and 
hedonic tastes are inversely correlated with unhealthy foods 
being perceived to be more palatable (Raghunathan et al., 
2006). However, it should be noted that healthiness and 
hedonic tastes can be positively correlated, at least for some 
consumers (Werle et al., 2013). Alternatively, the observed 
difference in the palatability ratings of healthy and unhealthy 
foods may depend on the specific foods being rated and/or 
certain characteristics of the participants. Considering that 
the unhealthy foods were rated as being less palatable than 
the healthy foods in the present study, it is possible that a 
label of “eating together” (vs. “eating alone”) may lead to a 
greater increase in palatability for foods perceived to be less 
palatable compared to more palatable foods. This possibility 
needs to be tested in future research.

As for the neuroimaging results of this study, we did not 
observe enhanced orbitofrontal activation for foods labeled 
with “eating together” compared to those labeled with “eat-
ing alone.” Several possible factors may account for the 
absence of the orbitofrontal effect. For one, even though co-
experiencing did elicit greater activation of the OFC in pre-
vious research (Schilbach et al., 2010; Wagner et al., 2015), 
our participants did not actually co-experience anything 
with anyone or have anyone else present during the experi-
ment. Second, we compared brain responses to the same 
images of foods labeled with different eating contexts, but 
it seems more difficult to find increased orbitofrontal activa-
tion when the control stimuli are food images than when they 
are non-food images (Zhou et al., 2019). Similarly, we did 
not observe greater activation in other reward-related regions 
that have been shown to be sensitive to food rewards, such 
as the anterior cingulate cortex, amygdala, or putamen (e.g., 
Grabenhorst et al., 2013; Sescousse et al., 2013; van Rijn 
et al., 2017). Collectively, the findings of this study suggest 
that insula might be more sensitive to the influence of social 
context than other reward-related regions.

As with any study, this study has certain limitations 
regarding the interpretation and generalizability of the 
results. First, we mainly focused on the comparison between 
eating together and eating alone in the present study, so 
we did not specify whether foods would be shared or not 
in the context of eating together (De Backer et al., 2015; 
Wang et al., 2021a; Woolley & Fishbach, 2019). Second, 
we only tested young participants with normal weight in the 
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present study, whereas previous research has demonstrated 
a difference in overweight and normal-weight participants’ 
brain responses to foods, especially for high-caloric foods 
(Murdaugh et al., 2012). Therefore, caution is called for in 
attempting to generalize our findings to a population with 
a wider range of BMI, other age groups, or non-student 
samples (Henrich et al., 2010). Third, our results showed 
significant collinearity among the three rating scores. The 
experimental design of the present study does not allow us to 
further differentiate these three types of ratings, but it will be 
interesting and important to do so in future research. Moreo-
ver, considering that our participants rated the unhealthy 
foods as being less palatable than the healthy foods in the 
present study, caution is called for in attempting to general-
ize our findings to people who would rate unhealthy foods 
as being more palatable than healthy foods.

In conclusion, the findings of the present study revealed 
different behavioral and brain responses to foods labeled 
with “eating together” and those labeled with “eating alone.” 
Specifically, our findings suggest that expectations about 
eating unhealthy foods with others could lead to enhanced 
hedonic expectations and greater activation in the insula. 
These findings provide new empirical evidence regarding the 
influence of social context on people’s food-related behav-
iors (Herman, 2015; Higgs & Thomas, 2016) and once again 
highlight the social nature of human beings (Dunn et al., 
2008; Yamaguchi et al., 2016). The findings of this study 
also provide insight into how to integrate social factors (such 
as eating with others) and food pleasure to promote healthy 
food consumption (Mendini et al., 2019). Specifically, our 
results demonstrate the different influences that a label con-
veying the social context of eating may exert on varied types 
of foods and shed light on the notion that different strategies 
should be used for the label design of healthy and unhealthy 
foods, presumably as unhealthy foods may become particu-
larly rewarding when eating with others. These findings may 
have implications for the practice of nudging people toward 
healthier food choices, such as presenting pictorial or verbal 
cues about a food to be eaten together with others on food 
packaging, especially for foods that are considered appropri-
ate for sharing.
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