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People tend to adapt the amount of their food intake to that of others around them. This so-called social modeling of eating has been extensively studied over the past decades. The current study complements these experiments and aims to investigate social modeling of healthy food intake using a video paradigm in which a virtual model consumed either a small or a large portion of apple. In addition, it was tested whether modeling effects of a virtual female confederate were equally strong in male and female participants. Thirty participants (13 female, 17 male) completed the low norm condition in which a virtual model consumed 30 g of apple. Another 30 participants (17 female, 13 male) were allocated to the high norm condition in which a virtual model consumed 100 g of apple. Participants completed an irrelevant task, after which their own intake of apple was measured. Average intake in the low norm condition was 3 g, average intake in the high norm condition was 26 g (p < 0.001). In conclusion, participants adapted their intake to that of the virtual model. This effect was found irrespective of gender; female and male participants equally adapted their intake to that of a female virtual model. Stimulating food intake via a virtual model in people who have difficulty to meet dietary requirements or inhibiting food intake in people who tend to consume too much would be interesting new steps in the development of healthcare applications.
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INTRODUCTION

The consumption of food is a social practice and thus often shared with other people (Rozin, 2005). Surprisingly, these other people seem to have a large influence on our food intake (Herman et al., 2003; Suwalska and Bogdański, 2021). People tend to observe others to gain information about the appropriate amount of food to consume, an effect that has been described as social modeling of eating: people consume less when their co-eater eats less and more if their company eats more, compared to when eating alone (Herman and Polivy, 2005). This phenomenon has been extensively studied over the past decades (see for a review: Cruwys et al., 2015 and Suwalska and Bogdański, 2021) and turns out to be a robust phenomenon. Social modeling of eating takes place irrespective of being hungry or not (Goldman et al., 1991), of body weight (Romero et al., 2009) and of restraint status (Leone et al., 2007), amongst other things.

Social modeling can even take place when the model (the person who is being modeled) is not physically present in the room. Feeney et al. (2011) demonstrated that confronting participants with a list of food and fictional indicators of how much of the food was eaten by other (non-existing) participants had the same effect as a real-life model: in both conditions participants equally adapted their intake to the model (Feeney et al., 2011).

Others have used a video paradigm, in which the model was “present” via a digital screen (Romero et al., 2009; Hermans et al., 2012; McGeown and Davis, 2018). These latter studies gave mixed results: Hermans et al. (2012) failed to find modeling effects using videos (probably because of the large difference between the contexts in which the model and participants were consuming their food), Romero et al. (2009) did demonstrate social modeling via videos in children, and McGeown and Davis (2018) demonstrated social modeling mainly in participants with a lower BMI compared to those with a higher body weight.

According to the review of Cruwys et al. (2015) social modeling studies have largely focused on the intake of high-energy-dense and palatable foods, i.e., snacks. The same applies to the aforementioned studies using a video paradigm: the test products consisted of wine gums and M&M's (Hermans et al., 2012), cookies (Romero et al., 2009), and potato chips (McGeown and Davis, 2018). Social modeling of healthy eating (i.e., less palatable food) has been demonstrated as well, although with an actual model in the room (e.g., Howland et al., 2012; Robinson and Higgs, 2013) and with modeling effects that appear to be smaller (Hermans et al., 2009) or even absent (Pliner and Mann, 2004).

Less is known about social modeling effects of healthy food intake using a video paradigm. Horne et al. 's (2004) intervention on fruit and vegetable intake, involved showing videos to primary school children, featuring appealing fun characters (“food dudes”) eating fruit and vegetables. This approach resulted in a significant increase in children's food and vegetable intake as the children mirrored the characters eating behaviors. However, in this study participants probably looked up to the characters who featured in the videos, i.e., the characters were portrayed as cool and heroic, which makes this study rather different from other social modeling experiments in which the model is more equal to the participant.

Therefore, the current study sets out to investigate social modeling of healthy food intake in adult participants using a video paradigm. The outcomes of this study are relevant to the field as insights in modeling effects using a virtual confederate could be useful for the development of new technologies, for instance remote virtual assistance to promote healthy intake for people who have difficulty to meet dietary requirements or who have difficulty estimating a healthy portion size.

Since social modeling effects are stronger when the participant identifies with the individual who features in the social modeling paradigm (Cruwys et al., 2015), it was additionally tested whether possible modeling effects of a virtual female confederate were equally strong in male and female participants.



METHODS


Participants

Participants were students at The Hague University of Applied Sciences in the Netherlands and were personally approached in the public spaces of the University with the request to participate in a short experiment. They were not accepted in the study if they were lecturers or allergic to apple (the test product).



Research Design

Participants were randomly allocated to either the low norm condition (in which a virtual model consumed only a small amount of apple: 30 g) or the high norm condition (in which a virtual model consumed a large amount of apple: 100 g) (see Figure 1). This was based on other modeling experiments (Roth et al., 2001; Pliner and Mann, 2004; Hermans et al., 2009): the amount in the low norm condition consisted of 30% of the amount in the high norm condition. Conditions were randomized across morning and afternoon sessions (to avoid the impact of time of day on the results).


[image: Figure 1]
FIGURE 1. Research design with the low norm vs. high norm condition.


Apple was chosen based on a pre-test amongst 387 other students who were asked to pick their most preferred healthy snack food among 14 options (e.g., apple, banana, melon, cucumber, carrots, etc.). Apple was chosen 199 times and was therefore clearly the preferred healthy snack.



Procedure

After giving their informed consent, participants were told a fictional story regarding their participation in the study, i.e., they were told that they were participating in a customer satisfaction study for a well-known furniture store. They were instructed to carefully watch a video clip (Figures 1, 2A) about the foundation of the company, its core values, its headquarters and the process of designing new furniture1. The parts on food were deleted from the original video, such that these could not have any influence on participants' food intake. The video was ~5 min long.


[image: Figure 2]
FIGURE 2. The experimental set-up: participants sat in front of two laptops and a transparent tray with apple pieces. Laptop (A) depicted the video and in turn the questionnaire. At the same time, laptop (B) depicted the virtual model who was either consuming a small amount (in the low norm condition) or a large amount (in the high norm condition) of apple from a comparable transparent tray.


After watching the video, participants were instructed to fill out a questionnaire about the content of the video (Figures 1, 2A). The general questions in this questionnaire were relevant for the purpose of this study: age, gender, length, and weight. All other questions about the video content only served the purpose of keeping participants busy for another 5 min after finishing watching the video. Answers to these questions were not analyzed.

During the study (10 min in total), participants were allowed to consume apple pieces from a transparent tray (Figure 2). At the start, the experimenter indicated that the participant was free to take some if he/she felt like it, but did not put a lot of emphasis on this instruction. The tray contained 100 g of apple (20 pieces of ~5 g each).

Next to the computer screen on which the furniture-store-video and questionnaire were presented, a second screen showed a person who was also consuming apple pieces from a transparent tray (Figure 2B): in the low norm condition the person on the screen consumed 30 g and in the high norm condition the person consumed 100 g. The person on the video was a female student. Participants were told that the person on the screen was a student who was also participating in the study. The screen with the virtual model was placed in such a way that participants did not need to focus on the screen, but that the movements made by the virtual person were still visible in the periphery of participants visual fields (i.e., every time the model took a piece of apple from the tray, this was clearly visible).



Analysis

Each tray with apple pieces was weighed before and after completion of the experiment, using a Silvercrest digital kitchen scale (readability 0.1 g), to determine the dependent variable Amount eaten in grams (between 0 and 100 g). In addition, the number of pieces of apples consumed (between 0 and 20) was documented. In turn, an ANOVA was conducted with dependent variable Amount eaten in grams and fixed factors Condition (Low vs. High norm) and Gender (Male vs. Female participants). The same analysis was conducted for the variable Number of pieces consumed.




RESULTS


Participants

Table 1 shows participant characteristics for the low and high norm conditions, separately described for female and male participants. Both conditions contained a total of 30 participants. There were no differences between the low and high norm conditions and between male and female participants in Age and BMI (calculated based on length and weight of the participants) (all p's: n.s.).


Table 1. Participant characteristics (n, Age, and BMI), separately depicted per Condition (Low vs. High) and Gender (Female vs. Male participants).

[image: Table 1]



Main Analysis

There was a main effect of Condition on the dependent variable Amount eaten in grams [MeanLownorm = 3.03, SD = 4.72; MeanHighnorm = 26.1, SD = 26.45; F(1, 60) = 20.86; p < 0.001]. There was no main effect of Gender on the Amount eaten in grams [MeanFemale = 12.7, SD = 21.24; MeanMale = 16.4, SD = 23.19; F(1, 60) = 0.02, p = 0.899] and no interaction between Condition and Gender [F(1, 60) = 0.18, p = 0.670]. The main effect of Condition and the absence of a Gender effect is demonstrated in Figure 3. A main effect of Condition was also observed for the dependent variable Number of pieces consumed [MeanLownorm = 0.60, SD = 0.93; MeanHighnorm = 5.23, SD = 5.34; F(1, 60) = 20.72; p < 0.001]. The effect of Gender and the interaction between Gender and Condition were not significant (p = 0.882 and p = 0.681, respectively). To control for a time of day effect, both ANOVA's were conducted again including the fixed factor Time of Day (morning or afternoon). There was no effect of Time of Day for both the dependent variables Amount eaten in grams and Number of apple pieces consumed (p = 0.396 and p = 0.409, respectively).


[image: Figure 3]
FIGURE 3. Amount eaten in grams after being exposed to a virtual model that consumed a small portion (Low Norm Condition) or a larger portion (High Norm Condition), separately depicted for Female and Male participants.





DISCUSSION

This experiment demonstrated a strong social modeling effect of healthy food intake. Participants in the study adapted their intake to that of the model: more apple was consumed when the confederate consumed a large amount as opposed to the condition in which the confederate consumed a small amount.

Social modeling occurred irrespective of gender: female and male participants equally adapted their intake to that of a female virtual person. Apparently, perceived similarity between the model and the participant was high (Cruwys et al., 2015), irrespective of gender. A potential explanation could lie in the instruction that was given by the experimenter. The presence of the virtual confederate was explained as “another student who also takes part in this study,” which might have emphasized the resemblance between the participants and the model and decreased the perceived differences.

Although there was a clear difference in intake between the two conditions of ~23 g (or 4.5 pieces), the intake itself was lower than that of the virtual model. Participants consumed only 10 and 26 percent of what the confederate consumed in the low and high norm conditions, respectively (i.e., 3 of the 30 g and 26 of the 100 g). A substantial lower intake than that of the model was also found in a study by Hermans et al. (2009). Participants in that study were exposed to one of three conditions: a (live) model who did not consume any pieces of vegetables (the control condition), a model who consumed three pieces (the low norm) and a model who consumed 10 pieces (the high norm; test food: carrot and cucumber). Participants consumed a mean amount of 1.39 pieces in the control condition 1.48 pieces in the low norm condition, and 2.71 pieces in the high norm condition. Again, although participants' intake was significantly influenced by the model, the intake itself was small compared to the intake of the model.

A potential explanation of this lower intake could lie in the fact that participants were exposed to an unfamiliar model. According to research conducted by Clendenen et al. (1994) familiarity of the co-eater(s) is of substantial influence. In their experiment, participants consumed 44% more when they were eating together with friends compared to eating with unfamiliar individuals. Herman (2015) hypothesizes that this inhibition effect might be the result of increased self-awareness while eating with unfamiliar others, leading to the setting of an unconscious upper-limit to make sure a persons' intake is not perceived as excessive. On the other hand, a more recent study of Kaisari and Higgs (2015) did not demonstrate a moderating factor of familiarity on modeling effects. So the impact of familiarity remains uncertain, especially in the context of virtual modeling.

Because Hermans et al. (2009) included a control condition in which the model did not consume any food, they could clearly conclude that participants in the high norm condition were stimulated to consume more pieces of vegetables, whereas there was no inhibition in the low norm condition when comparing intake to the non-eating condition. The lack of a clear control condition in the current study makes it impossible to make inferences on whether the virtual confederate was able to stimulate or inhibit eating, or potentially do both.

Understanding the distinction between inhibition and stimulation effects is important for the design of potential applications, since both effects could be tremendously beneficial in healthcare contexts. Stimulating food intake via a virtual model in people who have difficulty to meet dietary requirements or inhibiting food intake in people who tend to consume too much would be interesting new steps in the development of healthcare applications. So far, technology in which virtual assistance is provided shows promising results in for instance elderly and people with dementia (Osvath et al., 2018), in people with diabetes (Ramchandani, 2019) and in overweight adolescents (LeRouge et al., 2016). In most of these examples, virtual assistance comprises of remote monitoring of health status or stimulating healthy behavior, sometimes using virtual “avatars” or “buddies.” However, modeling virtual healthy food intake in a real-life healthcare setting has not been studied before.

In the current study, participants' hunger status was not recorded, while hunger might have had an influence on the amount of apple participants consumed. Previous studies demonstrated that hunger had no impact on modeling effects (Goldman et al., 1991; Cruwys et al., 2015) but it is unclear whether this also applies to healthy food and to modeling via a digital screen. To randomize conditions over the day and to check for an impact of time of day, it was recorded whether participants conducted the experiment in the morning or the afternoon session. There was however no effect of the time of the day on the outcome variables amount eaten in grams and number of apple pieces consumed. Still, in future experiments hunger status should be recorded to further investigate potential mediating effects on modeling.

Similarly, participants' liking for apple was not registered. Although a pre-test was conducted to pick the most preferred healthy snack amongst students, the participants in the current study might have had a different personal taste. In future experiments, liking scores for the test food are essential to make sure that these do not interfere with the results.

The current study focused on modeling the amount eaten by the virtual model. An additional factor that should be further studied is the potential of virtual models influencing food choice behavior. Modeling effects on food choice have been demonstrated before (Prinsen et al., 2013; Salmon et al., 2014), but results seem to be less strong and robust (Pliner and Mann, 2004; Cruwys et al., 2015). An explanation for this difference has been sought in the fact that people are less uncertain about their food preferences as opposed to the appropriate quantity to consume, making food choices less sensitive for social influences (Pliner and Mann, 2004). Whether this applies to modeling virtual confederates is still to be explored.

Finally, consuming food together with people on “the other side of the screen” has an entire new connotation since the COVID-19 pandemic. Whereas, Niewiadomski et al. (2019) and Spence et al. (2019) were already reviewing insights related to the social and pleasurable aspects of remote dining (i.e., commensality) before the COVID-19-outbreak, Ceccaldi et al. (2020) investigated the phenomenon of remote eating during the pandemic: People apparently seek connectedness and belonging when they decide to eat together via video-conference-calls. Whether social modeling occurs during these circumstances should be further investigated. The social modeling effect may be enhanced during remote dining with friends and family, as familiarity increases social modeling effects. Nevertheless, other factors may also play a role in food intake during remote dining, such as how pleasurable people perceive the experience (which may increase the duration of the meal) and whether people are distracted by conversations. Both factors may increase food intake (Herman et al., 2003; Ogden et al., 2013).

Since many of our day-to-day interactions occur via screens nowadays, it might be highly relevant to further develop technological innovations to fulfill both social and pleasurable desires related to “eating together apart” as well as healthy intake requirements. This field provides many opportunities for future research and new applications.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

PB and SS: study conception and design, draft manuscript preparation, analysis, and interpretation of results. All authors reviewed the results and approved the final version of the manuscript.



FUNDING

This study was provided by the Nutrition and Dietetics department of The Hague University.



ACKNOWLEDGMENTS

The authors would like to thank Hanneke Kros for her assistance in collecting the data for this study and Simone Hackett for an extensive language check.



FOOTNOTES
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