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Abstract 
 
Due to the complex nature of consumer decision-making, influenced by multiple determinants, 

consumers often choose hedonic and unhealthy products over healthy food in the supermarket. People 

are unconsciously relying on habits and heuristics during their grocery shopping, which makes them 

susceptible to environmental influences. Because of the indicated effect of social factors and shelf 

arrangement on shopping behavior, this study focused on further investigating the influence of these 

factors on the healthiness of food choices amongst supermarket shoppers. The combination of a 

health-associated social presence cue and spacious supermarket shelves was expected to have the most 

positive influence on the healthiness of food purchases. The research was conducted using an 

innovative virtual reality set-up in an attempt to create a realistic research setting. In the 2 x 2 design, 

80 participants performed a shopping task in a VR supermarket using a VR headset and motion 

platform. The participants were asked about the usability of the VR application, general health 

interest, subjective health norm and the perceived healthiness of their choices. The mean health scores 

were calculated for the five products they chose. The results indicated that shelf arrangement did not 

have an effect on the food choices, and social presence influenced the healthiness of food choices 

negatively. General health interest did have a positive impact, but it did not moderate the relationship 

of social presence and food choice as was expected. Further research is needed to explore the 

influence of social presence and shelf arrangement on food choice, and continuing the development of 

the VR supermarket should increase its value as a realistic and controllable research context for 

exploring consumer behavior. 

 

Keywords: healthy food choices, social presence, shelf management, general health interest, 

subjective health norm, virtual reality 
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1. Introduction 
 

There has been growing attention for healthy food choice and shopper decision-making in 

supermarkets. The focus on healthy food choices is a response to the increase in prevalence of health 

issues like obesity (Ng et al., 2014), diabetes (Guariguata, 2014) and cardiovascular diseases (Santulli, 

2013). Governments are focusing on promoting healthy food behaviors, and the food industry is trying 

to find ways of attracting customer attention to healthy products, but their attempts have not been 

successful. A lot of consumers are still choosing hedonic and unhealthy products over healthy food, 

and this relates to the way consumers make decisions while shopping for food. Food and consumption 

choices are influenced by a wide variety of determinants (Köster, 2009; Sobal & Bisogni, 2009). 

These determinants include, for example, product characteristics (e.g. appearance, packaging, 

branding of products), psychological factors (e.g. personality traits, memory, motivation and previous 

experiences of the consumer), biological and physiological factors (e.g. gender and age), sociocultural 

factors (e.g. economical influences and changing norms and attitudes) and situational determinants 

(e.g. the social and physical surroundings) (Köster, 2009). All these factors have an impact on 

consumer decision-making and the way that consumers process information in the supermarket.  

Research shows that a lot of the shopping that people do is habitual or it is based on heuristics 

and is happening without rational information processing (Dijksterhuis, Smith, Van Baaren & 

Wigboldus, 2005; Köster, 2009). This heuristic way of decision-making impedes conscious and 

healthy food choices. One particular bad influence is the unhealthy = tasty intuition (UTI), which is 

the reason why a lot of consumers tend to make less healthy food choices (Raghunathan, Naylor & 

Hoyer, 2006). Research points out that when people obtain more health consciousness, the UTI 

heuristic has less effect (Mai & Hoffmann, 2015), so the UTI seems to be less prominent under the 

right circumstances. In an attempt to battle unhealthy food decisions, brands are trying to attract 

attention and promote healthy features of their products on the package, via health claims or nutrition 

labels. Consumers do seem to notice the nutrition information, but research shows that it does not have 

the desired effect on decision-making and perception of nutritional information is not necessarily a 

dominating predictor of healthy food purchases (Grunert, Wills & Fernández-Celemín, 2010).  

Studies have shown that the in-store physical environment can play a crucial role in consumer 

decision-making. The various environmental cues can be categorized in Exterior cues, General Interior 

cues, Store Lay-out cues, Interior Display cues and Social variables (Turley & Milliman, 2000). The 

social variables include the presence of retail personnel, the presence of other shoppers and the direct 

social environment (i.e. family, friends and acquaintances). These social factors were shown to have 

some significant impact on shopper decision-making (Furst, Connors, Bisogni, Sobal & Falk, 1996; 

Turley & Milliman, 2000). Mere social presence, especially in close proximity of the consumer, was 

found to increase the social desirability of the choices in the supermarket (Argo, Dahl & Manchanda, 

2005) and presenting social presence cues can lead to healthier food choices in restaurant contexts 
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(Bittner & Kulesz, 2015). From the category of the Interior Display cues more interesting factors arise 

concerning shelf management. Products located at eye-level show higher sales and higher purchase 

intention amongst consumers (Dreze, Hoch & Purk, 1994; Foster et al., 2014). The amount of space 

allocated to products also appears to play a role (Chandon, Hutchinson, Bradlow & Young, 2009). 

Additionally, studies in food environments show that cluttered environments stimulate unhealthy food 

choices and might as well influence shopper decision-making (Vartanian, Kernan & Wansink, 2017; 

Wansink, 2004). 

Because of the indicated effect of social factors and shelf arrangement on shopping behavior in 

the supermarket, the current research focuses on further investigating the influence of these factors on 

the healthiness of food choices amongst supermarket shoppers. Research on shopping behavior in the 

supermarket is usually done either in the form of a field research in an actual supermarket, or in an 

experimental laboratory setting. The problem with field research is the lack of control over 

environmental stimuli and the limited possibilities for manipulation of stimuli. A laboratory 

experiment does incorporate these possibilities but it is debatable whether the lab setting elicits 

authentic shopping behavior (Falk & Heckman, 2009). Therefore, the current study will apply virtual 

reality technology for examining the effects of social factors and shelf organization on shopping 

behavior. With the VR technology, the aim is to create a more realistic research environment which 

allows for manipulation, but in which participants make shopping decisions that resemble their natural 

shopping behavior (Van Herpen, van den Broek, van Trijp & Yu, 2016; Waterlander, et al., 2015). 

 
2. Theoretical Framework 

2.1 Consumer decision-making in the supermarket 

Traditionally, the field of consumer research has taken an objective view on consumer decision-

making, applying cognitive consumer-behavior-models to describe and predict the decision-making 

process in all sorts of buyer contexts. One influential behavioral theory that is related to this rational 

approach of consumer decision-making is the Theory of Planned Behavior (Ajzen, 1991), which 

proposes that behavior is caused by rational intentions, influences by attitudes, subjective norms and 

perceived behavioral control. Another more specific cognitive approach of consumer behavior is 

described in the Five Stage model of Consumer Decision-making (Solomon, 2014). According to the 

model, the decision-making process starts with a certain need or problem that an individual 

encounters, leading them to search for information and possible solutions and options. The 

alternatives are being evaluated and attitudes are formed towards the different options. The consumer 

then chooses the option with the best evaluation and most appealing features and purchases it. After 

the purchase, the consumer uses the product, and develops a post-purchase evaluation.  
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These consumer behavior models reflect a highly rational, conscious and evaluative process of 

decision-making, and in some instances this might be applicable. But this cognitive view on consumer 

behavior does not fit the decision-making process that occurs within the supermarket context 

(Dijksterhuis et al., 2005; Köster, 2009). Köster (2009) argues that grocery shopping and food choice 

should not be looked at as a structured, conscious and rational practice but rather a chaotic event, 

influenced by implicit determinants of behavior, such as habitual preferences and environmental 

effects. He describes five fallacies that are present in consumer science, among which “the fallacy of 

conscious choice” (Köster, 2003). According to this fallacy, consumer science and theories (e.g. the 

five stages of consumer decision-making and the theory of planned behavior) are relying too heavily 

on the idea that consumers are always ‘reasonable’ and basing their choices on rational arguments. 

Köster (2003) argues that the paradigm of consumer science should shift towards a dual process view 

that acknowledges two types of decision-making: the rational and conscious type of decision-making 

and the unconscious, heuristic type of decision-making (Kahneman, 2003). Depending on the context, 

people are either motivated to apply the slow and deliberate rational decision-making strategy or rely 

on heuristics and accessible rules-of-thumb to make quick and easy decisions.  

Food choices in the supermarket are found to be highly susceptible to unconscious influences, 

due to two specific determinants of grocery shopping. Firstly, grocery shopping is usually a basic 

activity with presumably little impact on one’s life; therefore, people are not motivated to use the 

effortful and rational type of decision-making and information processing (Dijksterhuis et al., 2005). 

Secondly, the supermarket environment poses a characteristically complex and over-stimulating nature 

context, which costs a lot of mental resources for people to endure and this makes it harder for 

consumers to engage in extensive decision-making. This will be elaborated further in paragraph 2.2. 

These two notions result in consumers that are unconsciously navigating through stores while they are 

being affected by other factors that are operating on a sub-conscious level, like environmental cues, 

non-rational heuristics and automatic behavior like habits (Cohen & Babey, 2012; Dijksterhuis et al., 

2005; Köster, 2009). The determinants of food choice are not solely based on one’s preferences and 

health goals but also on these factors that are out of the consumer’s conscious control. 

 

Heuristics in food choices 

One of the determinants of food choice depends on unconscious rules-of-thumb that consumers use to 

make fast decisions: heuristics (Cohen & Babey, 2012; Kahneman, 2003; Scheibehenne, Miesler, & 

Todd, 2007). Heuristics can be described as implicit attitudes or automatic assumptions that people 

use to base their decision-making on when they are low involved in decision-making and information 

processing. When it comes to food choices, one prominent heuristic is the unhealthy = tasty intuition 

(UTI). This implicit association between unhealthiness and taste is found to have a great effect on 

consumer’s decisions (Raghunathan et al., 2006). Taste is found to be one of the strongest drivers for 

buying and consuming certain foods (Mai & Hoffmann, 2015). It is difficult for the food industry and 
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the government to actively promote healthiness of certain products in the hope of stimulating healthy 

behavior: people will unconsciously belief that the products will not taste well and they will be less 

motivated to actually buy them. Exceptions can be found in individuals that show a high general 

health interest (GHI). General health interest involves the natural interest of individuals in healthy 

products and food with lower concentrations of fat, and high concentrations of minerals (Roininen, 

Lähteenmäki & Tuorila, 1999). High GHI has been found to have a positive impact on food choices: it 

is correlated with a positive attitude towards healthy food and a higher intention to buy healthy 

products (Roininen et al., 2001; Zandstra, De Graaf & Van Staveren, 2001). Individuals with high 

interest in health also seem to be more receptive to explicit health claims because they are highly 

motivated to make healthy food choices (Lähteenmäki, 2013).  

Other heuristics can be price-dependent or based on persuasion techniques derived from 

Cialdini (2001), like scarcity or social influence (Dijksterhuis et al., 2005). Which heuristics people 

use, depends on their personality, motives or personal preference. Scheibehenne et al. (2007) 

researched the lexicographic decision heuristic, a decision rule that involves choosing the option that 

“has the highest value on the attribute that is regarded as most important”. Applied to food choices, 

this means that consumers do not weigh all the different aspects of a product equally but merely have 

one aspect that is most important, like price, convenience or taste, and they choose the option which 

scores highest on this one aspect. 

Other heuristics can occur even when people are motivated to lose weight. One 

counterproductive bias that can lead to unhealthy food choices amongst weight-conscious individuals 

is dieter’s paradox, which refers to the misguided belief that “a meal's tendency to lead to weight gain 

can be decreased by simply adding a healthy item” (Chernev, 2011). They believe that when a healthy 

product is added to a certain meal, it has fewer calories than that same meal without the healthy 

product. This means that, despite of conscious dietary motivations, people still make certain food 

choices that lead to undesirable effects on their health.  

 

Visual attention 

Another strong determinant of consumer behavior is visual attention: wherever a consumer’s attention 

is at, predicts strongly what he is going to buy (Gidlöf, Anikin, Lingonblad & Wallin, 2017). Like 

heuristics, this is partially determined by the personal characteristics of consumers: the internal factors 

like expectations, previous experiences, goals and preferences. These are top-down influences, which 

can unconsciously direct someone’s attention to certain products or aspects. The external factors are 

aspects of the products and their environment that make them salient and eye-catching. These 

influences are bottom-up, and they can attract the attention of consumers better than competing 

stimuli. Salient, attention-grabbing features on packages, like bright colors, contrasts, human faces, are 

found to affect choice more than preferences (Milosavljevic, Navalpakkam Koch & Rangel, 2012). 

This knowledge is applied in the design of most product package, which results in a fierce battle for 
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attention on the shelves of supermarkets. Therefore, merely designing healthy products to draw 

attention is not the solution when many unhealthy product packages are designed in the same manner.  

Another application of the research on visual attention is used in the arrangement of 

supermarket shelves. Location on the shelves (horizontally or vertically) can affect attention, and 

increasing the amount of shelf space and product facings of certain items can raise the chance that the 

product will be noticed (Chandon et al., 2009). Creating salient product packages and smart shelf 

arrangement are two of several ways in which the environment is adjusted to influence consumer 

behavior. The next paragraph will elaborate on the environmental influences and how shelf space and 

shelf arrangement can play a role in influencing consumer decision-making. 

 

2.2 Environmental influences in the supermarket 

As discussed earlier, consumers are relying heavily on heuristic decision-making and this makes them 

susceptible to unconscious influences of their environment. This insight is used by the food industry 

for designing advertising campaigns, sales promotions and product packages in such a way that they 

grab the attention of consumers. Their goals relate to increasing sales and maximizing profits, 

regardless of what is good for the consumer (Cohen & Babey, 2012). But manipulating the 

environment can also be used to stimulate healthy behavior, which is done through a phenomenon 

called nudging. Nudging can be defined as changing or modifying the environment to consciously or 

subconsciously influence consumers in a predictable way without changing economic incentive 

(Thaler & Sunstein, 2008). Wilson, Buckley, Buckley and Bogomolova (2016) reviewed several 

studies that used two types of nudging in order to encourage healthy food choices. Priming nudges 

include manipulations of visibility, accessibility, availability or a combination of these techniques, and 

they subconsciously affect purchase intention and product selection (Levy, Riis, Sonnenberg, 

Barraclough, & Thorndike, 2012; Rozin et al., 2011; Wansink & Hanks, 2013). Salience nudges give 

examples and explanations to increase attention to a certain choice, including calorie-content or 

nutrition- and descriptive labels. There is mixed evidence about the impact of salience nudges, but 

combined with priming nudges, they serve as an influential technique in stimulating healthy food 

choices (Levy et al., 2012; Thorndike et al. 2012).  

The studies included in the review by Wilson et al. (2016) focus on nudging in restaurants or 

cafeteria environments. As for supermarkets as shopping environment, there is additional evidence for 

the effects of environmental factors on consumer behavior. What type of shopping trip people will 

make, determines their susceptibility to contextual cues: people make more unplanned purchases 

during short trips where they buy only a few items they will need immediately than on long planned 

trips where they buy more products for a longer period (Nordfalt, 2009). During unplanned shopping 

trips and impulse purchases people are low involved in their decision-making; therefore, they are more 

vulnerable to cues and nudges from their shopping environment (Dijksterhuis et al., 2005).  
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Shelf properties 

Several in-store features and contextual cues are found to influence consumer purchases, including 

packaging, product promotions, point-of-purchase information, atmospherics and the placement of 

foods in the store (Cohen & Babey, 2012; Turley & Milliman, 2000). A lot of in-store features, like 

sales or product promotions, products information and packages, are visible and obvious cues. They 

are focused on creating salience or they are based on the typical persuasion techniques that have an 

effect on consumer behavior. But less evident influences come from contextual cues that relate to the 

way products are presented on the supermarket shelves. The properties of supermarket shelves can 

influence consumer behavior in the form of placement effects and shelf space effects.  

The placements effects of shelf properties refer to the finding that certain locations on shelves 

positively affect consumer decision-making. Several studies show that placing products on eye-level, 

or just below eye-level, increases sales (Dreze, Hoch & Purk, 1994; Foster et al., 2014). Food 

manufacturers actually pay more money, specifically called slotting allowances, to retailers for 

claiming the “prime spots” on the shelves (Marx & Shaffer, 2010). Products that are placed on the top 

shelves, higher than similar products, are evaluated the most positive whereas products on the lowest 

locations were rated the most negative (Chandon et al., 2009; Meier & Robinson, 2004). When items 

are allocated in the middle of similar products, they receive more attention than competing products, 

but this does not influence sales (Chandon et al., 2009). Placement interventions also seem a good 

strategy for positively influencing the sales of healthy products specifically (Foster et al., 2014). 

Shelf space represents the amount of space that is allocated to a certain product on a 

supermarket shelf. A factor that plays a role is the number of facings of a certain product. Chandon et 

al. (2009) performed an eye-tracking study to investigate the effect of the number of facings and found 

a strong effect of the number of facings on visual attention, which influences brand evaluation of 

products on the top shelf. However, the relationship between sales and space seems to be more 

complicated than a straightforward linear relationship. Research has found that overplacement of 

products (i.e. merely increasing the shelf space to oversized proportions) is not necessarily a positive 

impact on purchase intention (Dreze et al., 1994; Van Herpen, Pieters & Zeelenberg, 2009). Van 

Herpen et al. (2009) found that partially emptied shelves of a particular product create scarcity effects: 

consumers make the inference that the product is in high demand, it therefore is of high quality and 

they will be more likely to buy it. This bandwagon effect only takes place when shelves with 

competing products are more fully packed; it will not work if the whole store is stocked spaciously. 

Additionally, shelves that are too empty create the risk of stockouts (e.i. completely running out of 

stock of a product), which is found to negatively affect consumer satisfaction (Fitzsimons, 2000). 

What the optimal shelf space for maximizing sales depends on several factors including product 

category, store characteristics and seasonality (Desmet & Renaudin, 1998). The current research will 

focus on the role that shelf space plays in affecting healthy food choices, and will examine the effect 

of the amount of space between items, particularly healthy products.  
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Implications of shelf properties for the healthiness of food choices 

Retailers and food manufacturers are currently using the location and shelf space effects from a sales 

perspective, not taking in account the health of their consumers. Research suggests that this 

perspective does have negative implications for unhealthy and healthy food choices in the 

supermarket. Wansink (2004) states that the food environment, including the structure and variety of 

food assortment and stockpiling, plays an important role in overconsumption. Other research by 

Vartanian et al. (2017) shows how clutter and chaos in the food environment can serve as a 

problematic context for healthy food choices, making it easier for people to consume unhealthy foods 

like snacks. This suggests that fully packed shelves might negatively influence the healthiness of 

consumer behavior. 

 The cause of the possible negative relationship between cluttered environments and healthy 

food choices relates to the concept of ego-depletion. Ego-depletion is a term for “the condition that 

arises when the self’s resources have been expended and the self is temporarily operating at less than 

full power” (Baumeister, Muraven & Tice, 2000). It implies that people have limited mental resources 

that they can use for information processing and decision-making. Some tasks cost a lot of mental 

resources, for example: exerting willpower to resist temptations; engaging in a cognitively difficult 

task or processing too many exciting stimuli at the same time. Engaging in mentally draining tasks 

lowers people’s ability of self-control, it makes it harder for consumers to rationally direct their 

choices and purchases, making them more susceptible to environmental cues and unconscious nudging 

(Baumeister et al., 2000). Baumeister, Bratslavsky, Muraven, & Tice (1998) demonstrated this in a 

study where they presented the experimental group of participants with a temptation: a display of 

cookies and chocolates. They were not allowed to eat the tempting snacks, but instead were supposed 

to eat from a bowl of radishes. Afterwards, they received an assignment that involved solving a 

geometrical puzzle. Compared to the control group, the experimental group that had to refrain from 

eating the snacks gave up more easily on the puzzle, showing less persistence and depleted mental 

resources. Mattila and Wirtz (2006) showed that environmental overstimulation enhances impulse 

purchasing. They found that stimulating aspects in stores, e.g. fast-tempo and high volume music, 

warm colors and ambient citrus scents, increased arousal levels. High arousal was found to enhance 

the loss of self-control and decreases the ability to think through the implications of their actions. 

These notions on ego-depletion also explain the success of impulse items placed at the checkout desks 

(Cohen & Babey, 2012; Parkinson, Dixon & Scully, 2006).  

 Insights on ego-depletion give sufficient reason to assume that consumers face self-control 

difficulties during their grocery shopping. Over-stimulating supermarket environments containing 

temptations, unconscious contextual cues and numerous stimuli, create ego-depletion amongst 

consumers which results in impulse shopping and less healthy food choices. This study is designed to 

compare fully packed, cluttered shelves with less packed, uncluttered shelves (of healthy products) to 

investigate the relationship between shelf properties and the healthiness of food choices. 
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2.3 Social influences in the supermarket 

Along with to the physical environment, the social environment serves as an important factor in 

influencing consumer behavior. The existing literature shows different effects and ways through which 

social factors influence decision-making, including the effects of the mere presence of people in the 

retail environment and the influence of social proof and social cues.  

 

Mere presence effects 

Firstly, the mere presence of other people has an effect on consumer behavior. This can be explained 

by the social facilitation theory, which describes a change in behavior of an individual caused by the 

physical presence of other people (Gaumer & LaFief, 2005). The mere presence of other people seems 

to have several possible consequences for behavior. Social presence is found to increase people’s 

arousal, which can influence task performance either positively or negatively (Sanders, 1980). 

Research done specifically in the retail environment showed that the mere presence of other people is 

affecting shoppers’ emotional states (Argo et al., 2005). A study by Sommer, Wynes and Brinkley 

(1992) showed that groups of shoppers spent more time in the store and purchased more items than 

individual shoppers. Wansink (2004) has connected social presence to unconscious overeating, caused 

by increased mealtime and enhanced amount eaten. Presence of others can also form a distraction from 

certain tasks, especially when people are aware that they are being watched (Cohen & Davis, 1973). In 

crowded environments, for example a crowded supermarket aisle, the presence of others can impact 

the choice of products or impulse shopping (Gaumer & LaFief, 2005; Mattila & Wirtz, 2006) and 

negative shopping experiences (Turley & Milliman, 2000). Research by van Rompay, Krooshoop, 

Verhoeven and Pruyn (2012) shows that retail density increased spending amongst consumers with 

strong affiliation needs (i.e. a need for social contact), whereas it negatively affected consumer 

behavior of people low in affiliation needs. 

An explanation for the influence of mere social presence on shopping behavior could be the 

activation of evaluation apprehension: a fear of being judged or being excluded from the social group 

(Sanders, 1980). This also relates to the concept of social modelling: people consciously and 

unconsciously model their eating behavior according to the behavior of others (Cruwys, Bevelander & 

Hermans, 2015). There is limited evidence that the effect of social modelling on food choice is as 

substantial as for food consumption (Cruwys et al., 2015). People are automatically adjusting their 

behavior to their social environment, sometimes mimicking other people’s behavior and attitudes 

(Dijksterhuis et al., 2005). This effect is explained by research on the perception-behavior link, which 

shows that merely seeing another person perform certain behavior increases the probability of 

engaging in that behavior (Bargh, Chen & Burrows, 1996), e.g., their posture and face expressions. 
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Social proof 

The natural tendency to imitate other people’s behaviors can be used to nudge people and even change 

their behavior. Cialdini (2001) has included social proof as one of the six principles of persuasion, 

which states that “we determine what is correct by finding out what other people think is correct”. 

Statements about how the majority of people behave, or what they buy, set a certain social norm that 

can unconsciously influence consumer behavior. The underlying premise is that if other people are 

buying it, is must be good. The use of descriptive social norms in health communication, that are 

designed to persuade people into making conscious and healthy choices, is found to have a positive 

effect on healthy food choices (Mollen, Rimal, Ruiter & Kok, 2013). Salmon et al. (2015) showed that 

in low self-control conditions, social proof heuristics increased purchase intentions towards healthy 

products. Social proofs and norms can include statements about the sales of a product, ratings by other 

users, expert opinions and celebrity endorsements.  

Involving celebrity endorsers in marketing and advertising can be a beneficial strategy for 

creating positive associations with brands (Spry, Pappu & Cornwell, 2009). Research into sports 

celebrity endorsers has pointed out that professional athletes, even when they endorse unhealthy food 

brands like fastfood chains, are still effective in positively influencing purchase intentions and brand 

associations (Boyland et al., 2013; Bragg et al., 2013). The effectiveness of celebrity endorsers is 

however depending on the perceived trustworthiness that consumers associate with the endorser 

(Tzoumaka, Tsiotsou & Siomkos, 2016). 

 

Social cues 

Another way, in which social influences play a role in consumer behavior is through social cues, i.e., 

hints in the environment, that implicitly communicate social presence, like pictures of people’s eyes. 

The effect of the presence of eyes can be explained by the watching eyes effect, which describes how 

people react when they perceive direct gaze (i.e., “another person’s gaze directed at the self”) (Conty, 

George & Hietanen, 2016). Perception of direct gaze can results in a heightened self-awareness and 

activation of pro-social behavior (Conty et al., 2016). Literature shows a positive influence of direct 

gaze on, for example, littering (Ernest-Jones, Nettle & Bateson, 2011) but the effect of solely using 

social cues appears not as strong as suspected (Kuliga, Tanja-Dijkstra & Verhoeven, 2011). Bittner 

and Kulesz (2015) showed that social presence cues (i.e. pictures of eyes) have a positive effect on 

health choices when they are combined with personal, self-regulatory health goals.  

Another factor that might moderate the influence of social cues on healthy food choices is the 

subjective health norm, a factor described by Ajzen (1991) as one of the predictors of behavioral 

intention. Literature has found a positive relationship between descriptive social norms and healthy 

food purchase intention (Ham, Jeger & Frajman Ivković 2015) but it is interesting to investigate this 

relationship further in combination with social influence cues. 
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2.4 Virtual Reality Supermarket 

One of the many challenges that behavioral sciences face is creating realistic circumstances for 

participants of experimental research, so that participants show behavior similar to the actual behavior 

in their natural environment. Laboratory research is favored over field research, due to the ability to 

control variables and the environment (Falk & Heckman, 2009). But the lack of realism in a traditional 

lab setting still raises questions of validity. Virtual reality environments and serious games have been 

used in several behavioral studies and show promising results for the development of simulated 

experimental research (Difonzo, Hantulac & Bordia, 1998).  

Virtual reality (VR) is an innovative computer technology that involves a 3D dynamic 

simulation-environment that users can interact with via specially designed electronic equipment 

(Sherman & Craig, 2002). Users can immerse themselves in the virtual world using VR headsets or 

goggles, which track the user’s movements and match it with the navigation through the virtual space. 

For example, when a user moves his head to the right, his view inside the world also turns to the right. 

This correspondence between the actual movement and the movement of the orientation inside the 

virtual environment creates a life-like experience that feels genuine and highly realistic (Carvalho, 

Freire & Nardi, 2010). Next to vision, other senses can be stimulated as well, such as audition 

(through headphones) and touch (through vibration of controllers or motion-platforms). Involvement 

of all senses creates a highly immersive feeling, a strong sense of ‘presence’ in the virtual 

environment, which elicits positive responses amongst users (Riva et al., 2007). 

 

Applications of VR 

Virtual reality is an interesting technology that is applied in many different industries, e.g. sports, 

education, tourism, real estate and the biggest application area: the entertainment business. In 

entertainment, VR is serving as an innovative technology ideal for enhancing gaming experience. The 

hedonic experience aspect of virtual reality is also utilized in marketing and retail environments. The 

use of VR as a marketing tool was found to positively affect brand attitudes and purchase intention 

(Van Kerrebroeck, Brengman & Willems, 2017). Another study by Van Kerrebroeck, Brengman and 

Willems (2017) showed that a relaxing VR experience can reduce the negative effects of crowding in 

retail environments like shopping malls.  

While the development of VR applications for hedonic and business purposes has been thriving, 

the application of VR in behavioral research is still in an early stage but has recently been gaining 

momentum. VR has been shown to be a useful tool in intervention programs, e.g. to improve mental or 

physical health problems. A meta-analysis of the efficacy of virtual reality rehabilitation programs 

showed improved results of the VR programs compared to the traditional programs (Howard, 2017). 

Research in mental health treatments found value in the use of VR in exposure therapy for treating 

phobias, social anxiety disorders and PTSD (Carvalho et al., 2010; Kim et al., 2017). Research on the 

effects of VR on the emotional responses of patients with eating disorders concluded that “virtual 
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reality is a useful vehicle for eliciting similar emotional reactions to those one would expect in real life 

situations.”(Ferrer-García, Gutiérrez-Maldonado, Caqueo-Urízar & Moreno, 2009). 

 

VR and food behavior 

Previous research indicates that virtual reality can be a helpful addition to the research methodology in 

studies on food and consumption behavior. Nederkoorn, Guerrieri, Havermans, Roefs and Jansen 

(2009) performed a study using a web-based virtual supermarket to examine the influence of hunger 

on impulse purchasing. Another study applied VR to induce food cravings (Ledoux, Nguyen, Bakos-

Block & Bordnick, 2013). The food cues delivered via VR did induce more food cravings than neutral 

cues, but it did not perform better than pictorial cues or actual food cues. According to the paper, this 

absence of better performance of the food cues in VR could be explained by the quality of the VR 

system and/or the type of measurement of food cravings.  

Specifically in the field of consumer behavior, the implementation of the ‘virtual store’ as a 

research method presented interesting results in studies on price changes in the supermarket 

(Waterlander, Mhurchu & Steenhuis, 2014) and point-of-sale displays (Kim et al., 2014). Waterlander, 

et al. (2015) researched shopping behavior within a 3D Virtual Supermarket computer tool and 

generally found realistic food purchasing patterns en price responses, related to real life grocery 

shopping. Van Herpen et al. (2016) performed an experimental research to compare shopping behavior 

within a virtual store with a physical store and 2D pictorial store representations. Their 

implementation of virtual reality consisted of three screens, showing a simulated supermarket. They 

found this application of virtual reality to be helpful in some instances (like responses to product 

allocations), but found a difference in the amount of money spent, variety seeking and the amount of 

products they bought. They propose several methodological changes for further research, including 

budget restrictions and the use of virtual reality headsets and more advanced VR technology.  

Two supermarket-related studies were found in the literature that incorporated more elaborated 

and innovative VR technology. Firstly, a study by Hoolhorst, van Rompay, ten Klooster and Roukema 

(2014) focused on the development of a VR environment that facilitates the evaluation of shelf-ready 

package designs. Participants were viewing the VR supermarket shelves on a parabolic projection 

screen, and they could rank the designs on an interactive surface-computing platform. The second 

study used a virtual reality supermarket to examine consumer perceptions and purchase behavior 

regarding misshaped fruits and vegetables (Verhulst, Normand, Lombard & Moreau, 2017). They 

worked with a VR headset and game controllers to navigate through the VR modeled supermarket. 

Both VR models of the studies have yet to be validated as realistic research methodology, and were 

focused on either packaging or specific product types. The present study focuses on investigating 

consumer behavior in a more elaborate sense and applying the most advanced VR technology 

available to create the most realistic supermarket setting as possible. 
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2.5 Hypotheses 

Based on research into the influence of environmental factors and social factors on consumer decision-

making, this study focuses on investigating this relationship to further understand the specific 

influence of shelf arrangement and social presence on the healthiness of food choices. Shelf 

arrangement is interpreted as the spaciousness of supermarket shelves, where the shelves are either 

cluttered and packed or more spaciously arranged. Social presence is interpreted as the presence of a 

health-associated social cue, in the form of a celebrity sports endorser and a descriptive norm. Based 

on the significance of general health interest and the subjective health norm, it is expected that these 

two factors act as moderators in the relationship of the two main factors with food choices. Based on 

previous research findings, the following hypotheses are proposed: 

 

H1: Less cluttered, more spacious supermarket shelves are expected to have a more positive influence 

on the healthiness of food choices than packed, cluttered shelves. 

H2: The presence of a health-associated social cue in the shopping environment is expected to have a 

positive influence on the healthiness of food choices. 

H3: General health interest is expected to (positively) moderate the relationships between health-

associated social cues, shelf space and the healthiness of food choices. 

H4: Subjective health norm is expected to (positively) moderate the relationship between health-

associated social cues and the healthiness of food choices. 

 

 
Figure 1: Research model with independent variables, moderators and dependent variable 

 

2.6 Aim of the study 

The general aim of the current study is to further investigate the shopping environment, in particular 

the social and in-store influences, to gain knowledge about consumer decision-making. Enhanced 

Healthiness	of	food	
choice	

a.   Objec3ve	healthiness	
b.   Subjec3ve	healthiness	

Social	presence	
No	cue	vs.	social	cue	

Shelf	arrangement		
Packed	vs.	spacious	

General	Health	
Interest	

Subjec3ve	Health	
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H1	

H2	

H3	 H4	
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knowledge of consumer decision-making could provide governmental organizations with a better and 

more extensive theoretical foundation for the design of behavioral interventions. It strengthens the 

focus of the intervention, increasing its efficiency and hopefully the successfulness of the intervention. 

Retailers that rather focus on improving the general health of their customers than on their own sales 

can benefit from the deeper knowledge as well. They can apply the findings to design the store layout 

better in order to stimulate healthy shopping behavior. If the quality of the interventions and design 

solutions can be improved, they will perform better at facilitating healthier lifestyles, hopefully 

decreasing risks of obesity and other related health threats.  

 
3. Method 

3.1 Research Design 

The study is based on an experimental 2 (social presence: no social cue vs. social cue) x 2 (shelf 

arrangement: packed vs. spacious) between subjects factorial design. The dependent variable is 

measured in two ways: objectively through a calculated mean health score, based on the ratio of 

healthy and unhealthy products that the participants choose during their research task; and subjectively 

through self-report items about the subjective healthiness of the chosen products. 

 
Table 1: Research conditions 

	 Shelf	arrangement	

Social	presence	 Packed,	cluttered	 Spacious,	uncluttered	

No	health-associated	social	cue	 Condition	1	 Condition	3	

Health-associated	social	cue	 Condition	2	 Condition	4	

 

3.2 Participants 

The participants were recruited through several means (flyers, e-mail, social media and direct social 

contacts of the researcher) at the University of Twente. Therefore, the sample is not fully 

representative of the general population, because the participants share a similar educational level, and 

their ages range from 17 to 48 years. The research sample included 80 Dutch-speaking participants, 

with a mean age of 22,91 years (SD = 4,18). 90% of the participants were Dutch, two participants 

were German and one participant originally came from Zimbabwe. The participants were randomly 

assigned to one of the four research conditions (see Table 1) to avoid selection bias. There were no 

significant difference between the age distributions of the participants in the four research conditions 

(F(3,3) = 1.42, p = .23), and no gender effects were found (Χ2 (3) = 2.66, p = 0.45). See Table 2 for 

the characteristics of the participants. 
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Table 2: Participant characteristics per condition 

Condition	 	 Participants	 	 Age	 	 Gender	 	 Education	
	 	 N	 	 M	(SD)	 	 Male	%	 Female	%	 	 Low	%	 High	%	
No	social	cue	 	 40	 	 23.28	(4.96)	 	 50%	 50%	 	 15%	 85%	
Packed	 	 20	 	 24.1	(6.30)	 	 45%	 55%	 	 10%	 90%	
Spacious	 	 20	 	 22.5	(3.07)	 	 55%	 45%	 	 20%	 80%	
	 	 	 	 	 	 	 	 	 	 	
Social	cue	 	 40	 	 22.55	(3.30)	 	 35%	 65%	 	 20%	 80%	
Packed	 	 20	 	 21.6	(2.11)	 	 40%	 60%	 	 30%	 70%	
Spacious	 	 20	 	 23.5	(3.99)	 	 30%	 70%	 	 10%	 90%	

Total	 	 80	 	 22.9	(4.20)	 	 42.5%	 57.5%	 	 17,5%	 82,5%	
 

* Education level: Low: VMBO, MAVO, HAVO, VWO, Abitur and MBO; High: HBO and WO 

3.3 Stimuli 

The research was conducted in an experimental room at the University of Twente. Participants 

performed a shopping task within a virtual reality (VR) supermarket-environment, which they entered 

by wearing a VR headset (Oculus Rift) and navigated through with the help of the Cyberith Virtualizer 

VR motion platform (see Figure 1). The VR Supermarket resembled the interior of a real supermarket, 

and was designed to have four different set-ups, matching the four research conditions: either 

containing a social presence cue or without social presence cues, and either containing packed, 

cluttered shelves with products or less cluttered shelves containing more space in between products. 

To prevent the supermarket from looking ‘too empty’ and to induce the bandwagon effect, only the 

shelves with healthy products will be more spacious. Figure 2 shows examples of packed and spacious 

versions of the dairy shelf. Appendix A contains screenshots of both versions of the other shelves. 

 

 

 

 

  

Figure 2: Participant on the Cyberith 
Virtualizer treadmill with VR headset. 

Figure 3: The top scenario shows a packed shelf 
in the VR Supermarket, the bottom scenario 
shows a spacious shelf. 
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The health-associated social presence cue (see Figure 3) consisted of a ‘virtual poster’, presented in 

the VR Supermarket on the back wall of the virtual reality supermarket. The poster contained a picture 

of the famous Dutch Olympic gymnast Epke Zonderland, with the slogan “I am eating healthy, are 

you?” underneath. This picture has been chosen based on results of a pre-test with several other Dutch 

professional athletes, in which participants self-reported the perceived credibility and healthiness 

towards the athletes (see the results in Appendix B). 

 

 

 

3.4 Procedure 

The 80 participants were randomly assigned to one of the four conditions: social cue x packed shelves, 

no social cue x packed shelves, social cue x spacious shelves and no social cue x spacious shelves. 

Every participant attended one session of 30 minutes in which they were informed that they would 

enter an experiment that aims to test the virtual reality application and its usability for social research.  

 

Preparation for the experiment 

After being welcomed in the research room, the researcher would inquire about the participant’s 

previous VR experience and possible motion sickness. These two factors would indicate the level of 

caution the researcher would have to apply while guiding and supporting the participant through the 

VR experiment. The participants were then asked to read and sign the informed consent form, 

containing information concerning the anonymity of the recorded data and the freedom to quit the 

experiment without negative consequences. They were also asked to read and sign the information 

letter, containing information about the content of the research and the general procedure.  

Figure 4: Health-associated social cue: health endorser poster of Epke Zonderland in the VR 
Supermarket, with detailed view and (translated) descriptive norm  

 

I am eating healthy,  
are you? 
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Next, the participants would enter the Virtualizer platform wearing special overshoes. While 

gently stepping inside the construction of the Virtualizer they were supported by the researcher, after 

which they would be safely secured in the harness. The researcher would then explain how the 

Virtualizer works, and helped the participants with practicing the Walking-In-Place technique. This 

technique involves leaning in the harness structure and sliding their feet backwards. The photo sensors 

in the platform detected these sliding motions and translated this into movement inside the VR 

application. After the explanation and practice, the participants got to wear the VR headset so that they 

were able to enter the experiment in the VR Supermarket. The Leap Motion sensors on the headset 

detected the movement of the hands, which created the ability to interact in virtual reality.  

Before the actual VR experiment was conducted, a test simulation was run to let the participant 

practice with grabbing and interacting with a VR environment using their hands. This test also 

introduced people to VR technology, letting them settle in and get used to the feeling of virtual reality. 

After the test, the researcher gave the final instruction for the VR experiment. This instruction 

included the assignment that was also described in the information letter: “select 5 different products 

from the shelves that you would want to buy now if you were in a real supermarket”. The researcher 

also gave some tips on how to produce fluent motion inside the VR supermarket as well as some 

practical implications (like for example: “don’t try to pick up products that have fallen off the shelves, 

bending down might create dizziness. Just grab another product from the shelf”). The participants 

were also explicitly told to notify the researcher immediately whenever they would feel dizzy or 

nauseous, and if so to take their headsets off if the feeling remained for a longer period of time. After 

the final instruction, the actual VR experiment was started. 

 

The VR Experiment 

The participants were able to walk around in the VR Supermarket, interact with the virtual products 

and put the five products of choice in the shopping cart for simulated purchase. The VR application 

recorded the 5 products of choice in a document per participant. After the participant chose their final 

product, the researcher would end the experiment. The participants filled in the questionnaire, 

containing questions about the moderators, usability, demographic background and other variables as 

mentioned in the paragraph about measures (3.5). After the questionnaire was completed, the 

researcher debriefed the participants on the underlying goal of the research, and they were offered to 

leave their e-mail address for further information on the process of the research. 

 

3.5 Measures 

Pre-test 

A few weeks prior to the supermarket experiment, a pre-test was performed to determine which Dutch 

athlete would be most effective as health-associated social cue. The scale used for the pre-test is an 
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adjusted version of the source credibility scale designed by McCorskey and Teven (1999). The 

adjusted credibility scale included items about trustworthiness, healthiness, experience, intelligence, 

integrity, expertise, carefulness and competence. The items in the original scale included three 

dimensions: Competence, Trustworthiness and Goodwill. Most items from the Goodwill dimension 

were excluded, except for ‘carefulness’. The item ‘healthiness’ was added because of the main topic of 

this study and formed a one-factor dimension. The 9-item scale (4 negatively phrased, 5 positively 

phrased) was used to measure the perceived credibility scores of four photos of athletes, see Appendix 

B for the Pre-test for all the items used. The responses were recorded on a 5-point Likert scale.  

 

Mean health score 

The objective dependent variable, the mean health score of the products in the shopping cart, was 

determined by looking at the amount of ‘healthy products’ chosen during the experiment. The 

healthiness per product was assigned based on a classification system proposed by Darmon, Vieux, 

Maillot, Volatier & Martin (2009). Their study covers a combined classification systems for foods 

using SAIN score (based on the amount of ‘positive’ nutrients) and LIM score (based on ‘negative’ 

nutrients that need to be limited). The study resulted in four classes of foods, with the first class being 

the healthiest and the fourth class being the unhealthiest. These classes functioned as a classification 

system for products that were available in the VR supermarket. Each product was assigned a number 

corresponding to the class they belong to (1, 2, 3 or 4). Some products received a half point, because 

they are on the border between two classifications. The class numbers were then reversed to convert 

the number into a health score, where 1 equals unhealthy and 4 equals healthy, for example: tomato 

has a health score of 4, pasta has a health score of 3, cheese has a health score of 2 and a pack of 

cookies has a health score of 1. The mean was calculated over the five individual health scores of the 

products, chosen by the participant during the experiment, to form a mean health score. Scores 

between 1 and 2.4 are considered unhealthy and scores between 2.5 and 4 are considered healthy. See 

Table 7 in Appendix C for a list of all available products and their mean health scores.  

 

3.5 Questionnaire 

Immediately after the participants completed the shopping assignment they filled in a questionnaire, 

see Appendix D. The questionnaire included several scales that measured the following concepts: the 

usability of the Virtual Reality Supermarket; the moderators: general health interest and subjective 

health norm; and their perceived (subjective) healthiness of the shopping cart with chosen products. 

 

Usability of the VR Supermarket 

To assess the usability of the VR Supermarket application, the Post Study System Usability 

Questionnaire (PSSUQ) was used (Lewis, 2002). The PSSUQ consists of 16 items and is designed to 
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measure perceived user satisfaction of a product or services. The items included statements like “I felt 

comfortable using this system.”. A 7-point Likert scale was used to record the answers, ranging from 

“totally disagree” to “totally agree”. The scores on the two subscales that were used (System Quality 

and Interface Quality, since Information Quality did not apply) can be averaged to obtain an overall 

satisfaction score. The reliability of the PSSUQ scale is usually high, Cronbach’s alpha = .96 (Lewis, 

2002), and was measured as .79 in this study. The usability of the VR application was generally 

perceived as good (M = 5.26, SD = .64), with mean scores ranging from 3.64 to 6.36. See Table 8 in 

Appendix D for the complete list of 11 statements used and their means and standard deviations.  

 

General Health Interest 

For measuring General Health Interest (GHI), the subscale of the Health and Taste Attitudes 

Questionnaire was used (Roininen et al., 1999). The subscale consists of 8 items, 4 positively phrased 

and 4 negatively phrased, including statements like “I always follow a healthy and balanced diet.”. 

Table 9 in Appendix D displays all the statements. Measurement consists of responses on a 7-point 

Liker scale. The scale usually displays a high degree of reliability (Cronbach’s alpha = .89 (Roininen 

et al., 1999)) and the results in the current study demonstrate a similar degree of reliability of the 

subscale (Cronbach’s alpha = .81). 

 

Subjective Health Norm 

The scale that measured the subjective health norm contains 5 items based on several studies that 

involved subjective norm as a construct (Bogers, Brug, van Assema & Dagnelie, 2004; Povey, 

Conner, Sparks, James, Shepherd, 2000). It involves the participant’s perception of what their social 

environment (family, friends and peers) think is normal when it comes to healthy food and diets. 

Subjective norm is context-dependent, so the reliability fluctuates depending on the type of research 

the construct is used for. The items are listed in Table 10 in Appendix D: they are based on previous 

research and on new ideas for items measuring subjective norm, including statements like “My friends 

are people who focus on healthy eating”, and scores were recorded on a 7-point Likert scale. 

 

Subjective healthiness of the chosen products 

Additional to the mean health score that is calculated per participant, 5 self-report questions were 

added to the questionnaire to determine the ‘subjective healthiness’ of the products that the 

participants chose. The mean health score is an objective measure, whereas the self reported 

perception of healthiness is a subjective measure. Participants rate each individual product and the 

total of products in their shopping cart on a scale from 1 (unhealthy) to 4 (healthy). From these items, 

two subjective healthiness variables were deducted: the subjective healthiness of the shopping cart and 

the calculated mean of the subjective healthiness of the five chosen products.  
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Table 3: Reliability scores, means and standard deviations per measurement scale 

*	All	the	Cronbach’s	alpha	scores	were	higher	than	.70,	so	all	items	of	each	scale	were	used	to	calculate		
mean	scale	scores.	

 

4. Results 
4.1 Manipulation checks 

To check how people perceived the shelf arrangement in the different conditions, a manipulation 

check question was included in the questionnaire. 69 participants (86,3%) perceived the shelves as 

spacious, whereas only 9 participants (11,3%) perceived the shelves as fully packed. 2 participants did 

not know if the shelves were fully packed or spacious. 8 out of the 9 participants that perceived the 

shelves as fully packed where from the cluttered condition, and the other one was from the spacious 

condition. The other 32 participants from the packed condition did not perceive the shelves as was 

intended or misinterpreted the question. This could have affected the other results. To check whether 

participants in the relevant conditions perceived the social cue with descriptive norm, another two 

manipulation check questions were added to the questionnaire. Of the 40 participants in condition 2 

and 4 (containing the social cue), 26 (65%) indicated they saw the poster of a man (Epke Zonderland), 

whereas 14 (35%) did not consciously notice the poster. 20 participants (50%) did not see the 

descriptive norm text underneath the poster of Epke (“I’m eating healthy, are you?”), 17 participants 

(42,5%) did see the text and 3 participants (7,5%) said that they did not know whether or not they saw 

the text. Of the 17 participants that actually noticed the text, one of them thought it said “something 

about life”, 7 of them wrote down something with healthy eating and 9 of them (almost) correctly 

repeated the text. Therefore, 20% of the participants in the social cue conditions consciously recalled 

the intended meaning of the text. This information lead to extra analyses based on whether the 

participants actually perceived the social cue or not. 

 

4.2 Comparing the three measured health scores 

To compare the subjective health scores (the subjective healthiness of the cart and the subjective mean 

health score of the five products) with the objective mean health score, the correlation was calculated 

over the three scores. All three measured health scores correlated with each other. The subjective 

healthiness of the cart correlated highest with the mean subjective health score (r = .787, p < 0.01). 

Variables	 Number	of	items	 Cronbach’s	α	 M	 SD	

Usability	of	VR	Supermarket	 11	 .79*	 5.26	 .64	

General	Health	Interest	 8	 .81*	 4.59	 .95	

Subjective	Health	Norm	 5	 .76*	 4.22	 .99	
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The correlation between subjective healthiness of the cart and the objective mean health score was less 

high but still strong (r = .750, p < 0.00). The objective mean health score also correlated highly with 

the subjective mean health score (r = .780, p < 0.01). 

Additionally, Table 4 shows the means and standard deviations of the three health scores per 

research condition. The highest mean was found in condition 1 (No social cue x packed) for the 

subjective mean health score (M = 2.87) as well as the highest total mean (M = 2.71). The lowest mean 

appeared in condition 4 (Social cue x spacious) for the objective mean health score (M = 2.36), as well 

as the lowest total mean (M = 2.53). 

 
Table 4: Means and standard deviations of the subjective and objective health scores 

Variables	 Condition	 M	 SD	
Subjective	Healthiness	of	the	cart	 1	-	No	social	cue	x	packed	 2.80	 .62	

	 2	-	No	social	cue	x	spacious	 2.85	 .68	

	 3	-	Social	cue	x	packed	 2.55	 .76	

	 4	-	Social	cue	x	spacious	 2.55	 .69	

	 Total	 2.69	 .69	
	 	 	 	
Subjective	Mean	Health	Score	 1	-	No	social	cue	x	packed	 2.87	 .45	

	 2	-	No	social	cue	x	spacious	 2.70	 .47	

	 3	-	Social	cue	x	packed	 2.64	 .41	

	 4	-	Social	cue	x	spacious	 2.62	 .54	

	 Total	 2.71	 .47	
	 	 	 	
Objective	Mean	Health	Score	 1	-	No	social	cue	x	packed	 2.71	 .42	

	 2	-	No	social	cue	x	spacious	 2.57	 .52	

	 3	-	Social	cue	x	packed	 2.46	 .56	

	 4	-	Social	cue	x	spacious	 2.36	 .49	

	 Total	 2.53	 .51	

 

 

4.3 The effects of shelf arrangement and social presence 

 
Multivariate analysis of covariance 

A two-way multivariate analysis of covariance (MANCOVA) was conducted in SPSS to investigate 

the hypothesized relationships between the variables in the research model. The independent variables 

were shelf arrangement and social presence. The dependent variables were subjective healthiness cart, 

subjective mean health score and objective mean health score. The moderators, general health interest 

and subjective health norm, were included as covariates. The results of the two-way MANCOVA are 

shown in Table 5.  
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Table 5: Results Multivariate Analysis of Variance 

Effect	 	 Value	 F	 df	 Error	df	 p	

Partial	

η2	

General	Health	Interest	 Pillai's	Trace	 .18	 5.18	 3	 72	 .00*	 .18	

Wilks'	Lambda	 .82	 5.18	 3	 72	 .00*	 .18	

Hotelling's	Trace	 .22	 5.18	 3	 72	 .00*	 .18	

Roy's	Largest	

Root	

.22	 5.18	 3	 72	 .00*	 .18	

Subjective	Health	Norm	 Pillai's	Trace	 .00	 .00	 3	 72	 1.00	 .00	
	 Wilks'	Lambda	 1.00	 .00	 3	 72	 1.00	 .00	
	 Hotelling's	Trace	 .00	 .00	 3	 72	 1.00	 .00	
	 Roy's	Largest	

Root	

.00	 .00	 3	 72	 1.00	 .00	

Shelf	Arrangement	 Pillai's	Trace	 .07	 1.72	 3	 72	 .17	 .07	
(Packed	vs.	Spacious)	 Wilks'	Lambda	 .93	 1.72	 3	 72	 .17	 .07	
	 Hotelling's	Trace	 .07	 1.72	 3	 72	 .17	 .07	
	 Roy's	Largest	

Root	

.07	 1.72	 3	 72	 .17	 .07	

Social	Presence	

(No	cue	vs.	Cue)	

Pillai's	Trace	 .05	 1.16	 3	 72	 .33	 .05	

Wilks'	Lambda	 .95	 1.16	 3	 72	 .33	 .05	

Hotelling's	Trace	 .05	 1.16	 3	 72	 .33	 .05	

Roy's	Largest	

Root	

.05	 1.16	 3	 72	 .33	 .05	

Shelf	Arrangement	

*Social	Presence	

Pillai's	Trace	 .03	 .63	 3	 72	 .60	 .03	

Wilks'	Lambda	 .98	 .63	 3	 72	 .60	 .03	

Hotelling's	Trace	 .03	 .63	 3	 72	 .60	 .03	

Roy's	Largest	

Root	

.03	 .63	 3	 72	 .60	 .03	

Note: *p < .001 
 

 

The results of the two-way MANCOVA show no significant difference between presence or 

absence of a social cue in the influence on the combined dependent variables (F(3,72) = 1.16, p = .33, 

Wilks’ Lambda = .95, partial η2 = .05). The difference between packed and spacious shelves in the 

influence on the dependent variables also turned out to be insignificant (F(3,72) = 1.72, p = .17, 

Wilks’ Lambda = .93, partial η2 = .07). The influence of moderator general health interest on the 

dependent variables emerged to be significant (F(3,72) = 5.18, p < .001, Wilks’ Lambda = .82, partial 

η2 = .18), whereas subjective health norm was shown to have no effect on the dependent variables 

(F(3,72) = .00, p = 1.00, Wilks’ Lambda = 1.00, partial η2 = .00). There was no significant interaction 

effect found between social presence and shelf arrangement in the influence on the dependent 

variables (F(3,72) = .63, p = .60, Wilks’ Lambda = .98, partial η2 = .03).  
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To further investigate the effects of the independent variables on the separate dependent 

variables, the univariate results of the two-way MANCOVA are discussed in the next paragraphs, 

designated as ANCOVA results.  

 

Main and interaction effect shelf arrangement and social presence 

The results of the ANCOVA, with general health interest as covariate, show no significant main effect 

of shelf arrangement as independent variable on the dependent variables: subjective healthiness cart 

(F(1,74) = .250, p = .62, partial η2 = .00), subjective mean health score (F(1,74) = .35, p = .55, partial 

η2 = .01) and objective mean health score (F(1,74) = .58, p = .45, partial η2 = .01).  

Controlling for the influence of general health interest and subjective health norm as covariates, 

the results of the ANCOVA show an effect of social presence on subjective healthiness of cart with a 

p-value just above the level of significance (α = .05), therefore the main effect was marginally 

significant (F(1,74) = 3.61, p = .06, partial η2 = .05). The results suggests that participants confronted 

with the social cue self-reported a less healthy items total (M = 2.55, SD = .71) than participants that 

were not shown the social cue (M = 2.83, SD =.64). Additionally, the effect of social presence on the 

subjective mean health score was not significant (F(1,74) = 2.47, p = .12, partial η2 = .03).  

The results of the ANCOVA did show a significant effect of social presence on objective mean health 

score (F(1,74) = 4.96, p = .03, partial η2 = .06). This effect appeared to be negative, meaning that 

participants confronted with the social cue objectively chose less healthy food (M = 2.41, SD = .52) 

than participants that were not confronted with the social cue (M = 2.64, SD = .47).  

Next to the main effects, the interaction effects were studied. The results show no significant 

interaction effect between shelf arrangement and social presence on subjective healthiness of cart 

(F(1,74) = .41, p = .53, partial η2 = .01), on subjective mean health score (F(1,74) = .06, p = .81, 

partial η2 = .00) and on objective mean health score (F(1,74) = .185, p = .67, partial η2 = .00).  

 

Perception of the social cue 

Since the results of the manipulation check pointed out that only 65% of the participants in the 

relevant conditions actually noticed the social presence poster, a new categorical independent variable 

was created to indicate if participants did or did not perceive the cue. The ANCOVA results show a 

significant negative effect of social cue perception on subjective healthiness of cart (F(1,77) = 4.75, p 

= .03, partial η2 = .06), because participants that noticed the social cue self-reported a less healthy 

items total (M = 2.46, SD = .81) than participants that did not notice the social cue (M = 2.80, SD 

=.60). Similar to earlier reported results, social cue perception did not significantly affect subjective 

mean health score (F(1,77) = 1.93, p = .17, partial η2 = .02). In contrast to the results of social 

presence, social cue perception did not have a significant effect on the objective mean health score 

(F(1,77) = 2.49, p = .12, partial η2 = .03). 
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4.4 General health interest as moderator 

To analyze the role of general health interest in the relationship between social presence and objective 

mean health score, a hierarchical multiple regression analysis was conducted. The results are presented 

in Table 6. In the first step, social presence and general health interest were included as predictor 

variables for objective mean health score. These predictors accounted for a significant amount of the 

variance in objective mean health score (R2 = .23, F(2,77) = 11.42, p < .001). After the interaction 

term was added in step two, the increase in explained variance was small but the model was still 

significant (ΔR2 = .02, F(3,76) = 8.610, p < .001).  

 
Table 6: Multiple regression analysis with objective mean health score as dependent variable 

	 	 	 Step	1	 	 Step	2	 	 	
Model	 Variables	added	

	
β	 p	 	 β	 p	 R2	 ΔR2	

1	 Social	Presence	 	 -.23	 .03*	 	 .56	 .27	
.23	 	

1	 General	Health	Interest	 	 .42	 .00**	 	 .94	 .00**	 	

2	 Interaction	term	
	 	 	

	 -.96	 .12	 .25	 .02	

Note:	*	p	<	.05,	**	p	<	.001	
 
 

To examine the moderator effect of general health interest further, the Process Macro (Hayes, 2017) 

was used to create an interaction plot of social presence and general health interest. The interaction 

plot is shown in Figure 8. The plot displays no interaction effect between social presence and general 

health interest as moderator. 
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5. Discussion 
5.1 Main findings of this study 

The goal of this study was to further investigate the influence of shelf arrangement and social presence 

on the healthiness of food choices in the supermarket and to determine what role general health 

interest and subjective health norm play in this relationship. These behavioral factors were examined 

within an innovative research set-up. A virtual reality supermarket was developed and used in 

combination with a VR motion platform and VR headset to create a new research setting attempting to 

recreate a realistic supermarket environment.  

The research findings indicate that shelf arrangement did not have an impact on the healthiness 

of food choices of consumers, and there was no interaction between shelf arrangement and social 

presence. Social presence was found to impact the healthiness of food choice, but contrary to what 

was expected this effect was negative. The results showed a positive effect of general health interest 

on the healthiness of food choices, but this relationship was not a moderating relationship with shelf 

arrangement and social presence. Subjective health norm was neither impacting the healthiness of food 

choices, nor did it act as a moderator for the relationship between social presence and food choices. 

 

5.2 Discussion of the results 

Shelf arrangement  

The research findings indicated that shelf arrangement did not have an impact on the healthiness of 

food choices; thus, the first hypothesis of the study is rejected. The intention was to create 

spaciousness in between healthy products on the supermarket shelves so that it would lower ego-

depletion, create a bandwagon effect, and implicitly facilitate healthier food choices. Too much space 

between items on the shelves, however, was expected to have unwanted effects, as people might 

perceive the shelves as being too empty and easier to stockout. Therefore, it was attempted to find a 

balance between too empty and too packed for the spacious condition of the shelves. As the 

manipulation check results indicate, only 8 participants in the packed condition perceived the shelves 

as packed. It is possible that the distinction between packed and spacious was not evident enough. The 

packed shelves might have been less overwhelming and cluttered as was intended to create ego-

depletion. This can be explained by the technical limitations of the VR application: to make products 

‘grabbable’, it was necessary to have some space in between products. Otherwise, products would 

‘collide’ and create problems with the VR interface. It is also possible that the spacious shelves were 

not ‘empty’ enough to diminish the ego-depleting character of shelves, as it was only applied for the 

healthy products and not the whole supermarket. 

Another explanation for the results lies in the interpretation of the manipulation check question. 

In some instances, participants commented on the manipulation check question after finishing in the 
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questionnaire, saying that they thought the question was about the general layout of the VR 

supermarket and not the arrangement of products within the shelves. This misinterpretation could have 

been an obstacle in correctly estimating the successfulness of the manipulation. 

 

Health-associated social cue 

The results of the study showed that the presence of a health-associated social cue did not positively 

influence the healthiness of food choices, but it did have an unexpected, significant negative influence 

on the subjective healthiness of the cart and the objective healthiness of food choices. Upon gaining 

the knowledge that not every participant in the social cue conditions actually noticed the poster, the 

alternative variable of ‘social cue perception’ was examined. This did not generate different results; 

therefore, the second hypothesis is dismissed.  

A possible explanation of this negative influence of the social cue is that the participants 

counter-reacted to the poster of Epke Zonderland and/or the descriptive health norm. The research 

sample included mostly students (mean age in social cue conditions: 22.55 years), who might have 

(unconsciously) rejected the health norm and social pressure out of defiance or psychological 

reactance. Reactance is a phenomenon that can occur when people are confronted with certain 

persuasive messages, rules and norms that might threaten their (sense of) freedom: it increases the 

resistance to persuasion and norm adaption (Brehm, 1966). The descriptive norm used in this study 

was intentionally focused on the social norm aspect, avoiding fear appeal and an urgent tone of voice. 

Descriptive social norms, focusing on other people’s behavior as the example behavior, were 

previously found to be effective in, for example, littering (Cialdini, Reno & Kallgren, 1990) and 

environmental conservation in hotels (Goldstein, Cialdini & Griskevicius, 2008). However, the 

negative effects of reactance amongst the participants could still be the explanation for the results that 

were found, possibly because the descriptive norm did not appeal enough to the participants. They 

might also no associate Epke Zonderland with healthiness, or they might have evaluated him more 

negatively then was expected based on the pre-test results.  

Another explanation is based on the manipulation check results: 35% of the participants did not 

consciously notice the poster of Epke, and from the participants that did notice Epke only 20% could 

correctly recall the meaning of the descriptive norm afterwards. Failure of evoking the intended social 

pressure could be due to: how the social pressure was operationalized or designed; the attractiveness 

of the poster; and the visibility and placement of the poster in the VR supermarket. The effect could 

have been stronger if the poster was located closer to the unhealthy shelves for example. Another 

added barrier might originate in the way people behave in virtual reality, especially if they have never 

used a VR headset before. Navigating through VR environments can be an overwhelming experience, 

sometimes nauseating or stimulating in unexpected ways, and it is hard to predict what aspects people 

would pay attention to. This aspect of VR might have reduced the visibility and intended effects of the 

social cue. 
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General health interest & subjective health norm 

General health interest was expected to moderate the effect of shelf arrangement and social presence 

on the healthiness of food choices. General health interest did positively impact the healthiness of food 

choices, as was expected based on previous research (Roininen et al., 2001; Zandstra et al., 2001). No 

significant effect of shelf arrangement was found; therefore, the moderating effect of general health 

interest on shelf arrangement in the proposed relationship was ruled out by the results of the research. 

The results of the moderation analysis showed that general health interest does not moderate the 

relationship between social presence and the healthiness of food choices. Based on these findings, the 

third hypothesis is rejected. The absence of the moderating role of general health interesting could be 

due to the contradictive role of social presence that was found, and that general health interest is a 

better predictor of health choices. General health interest is found to influence other predictive factors 

of healthy food choices, such as reception to health claims (Lähteenmäki, 2013) and a positive attitude 

towards healthy food (Roininen et al., 2001; Zandstra et al., 2001). Therefore, it remains an important 

concept to take into account when examining healthy consumer behavior.  

Results of the study show no significant effect of subjective health norm on the healthiness of 

food choices. This means that subjective health norm cannot perform as a moderator, and the fourth 

hypothesis is rejected. Since subjective health norm had no effect on the healthiness of food choice, it 

could mean that other factors are stronger influencing food choices than the social environment of 

consumers. Additionally, this finding can be explained by the lack of validation of the measurement 

scale for subjective health norm. The scale comprised items that were derived from previous research 

on subjective norms (Bogers et al., 2004; Povey et al., 2000) but research on the specific social norms 

of healthy behavior was lacking; therefore, new items were created. Although the reliability of the 

scale was sufficient, no analyses were performed to assess the validity. Therefore, there is no certainty 

that the concept of subjective health norm was measured as was intended. 

  

5.3 Limitations and suggestions for further research 

There are several limitations to the current study that are important to address, which lead to 

suggestions for further research. These limitations and recommendations can be categorized into: the 

research model; the research design and methods; the interior and contents of the supermarket; and the 

VR set-up.  

 

The research model 

The explanations for the results of this study were discussed in the previous paragraph, but there are 

additional limitations of the research model that need to be discussed. First of all, the environmental 

influences that were examined in this study had some limitations. As mentioned before, the location, 

visibility and lack of implicit healthiness could have limited the quality and effects of the social 
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presence cue. Social presence was operationalized as a poster of a health endorser with a descriptive 

norm, which was partially based on previous research but not validated in this particular form of 

measurement. Follow-up research on the influence of social factors on food choices should further 

examine what type of operationalization works best, validating the social cues and their effects and 

comparing the results within virtual reality with results in laboratory studies. Bittner and Kulesz 

(2015) showed that social cues in the form of eyes positively affected health choices when combined 

with activation of health goals, therefore health goals can be interesting to include in further research. 

As for shelf arrangement as an influence on consumer decision-making, this needs to be further 

explored as well. The distinction between packed and spacious was not particularly strong, it was only 

applied on the healthy products and, as was discussed, only limited people correctly identified the 

arrangement of the shelves in their condition. This could be a limitation of the manipulation check, or 

the actual shelf arrangements. Follow-up research could apply spaciousness on shelves for all the 

products, to check if it would be noticed better and maybe have a positive effect on food choices. 

Another suggestion for further research is to analyze shelf arrangement on a smaller scale. Making the 

shelf of one particular product more spacious is found to have a positive effect on sales (Van Herpen, 

Pieters & Zeelenberg, 2009), since the product seems more popular than its competition. However, if 

the shelves of competing products are comparably empty, the bandwagon effect is likely to disappear. 

This knowledge can be applied in follow-up research to further explore how and if shelf spaciousness 

can be an effective factor in increasing healthy food choices. 

Subsequently, the concept of the healthiness of food choices was operationalized in two 

subjective measures and an objective measure. This operationalization could have been suboptimal, 

since they were not validated or pre-tested beforehand. It is still not sure if and how the concept of 

“choosing virtual products” relates to real life consumer behavior; it could be that the virtual food 

choice is not realistic enough and does not reflect the actual choices in the supermarket. This type of 

measurement has not been widely used in consumer behavior. Usually, concepts like purchase 

intention, consumer attitudes and consumer preferences are measured. They are more isolated and 

specific concepts that correlate with consumer behavior. Measures for these concepts have been 

widely used and they score high on validity; therefore, they might be better predictors of actual 

consumer decision-making. For further research, it would be interesting to triangulate validated factors 

of food choices or to explore implicit measurement of food choice to gain further knowledge on how 

to realistically measure consumer choices, specifically in virtual reality. Another suggestion is to split 

the research up into multiple experimental sessions to measure a baseline for ‘virtual food choices’, 

and apply a within-subject research design. This provides a way of tracking the changes in food choice 

behavior due to manipulations and nudges like the social cues. The last suggestion in relation to the 

validity of the food choice measurement is to compare the food choices to actual behavior in the 

supermarkets. This entails a more elaborate research methodology, combining methods like field 

experiments with several experimental sessions in VR. 
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 The interpretation of objective healthiness in the current study was based on an existing 

classification system (Darmonet al., 2009), which had its limitations. Some adjustments were made, 

like reversing the class numbers and assigning half points for foods that were on the border between 

classes. Using only four classes is restrictive as compared to applying a scale with more detail. There 

still is a lot of debate on how to classify the healthiness of food, so hopefully further research can 

result in a holistic and more inclusive taxonomy of food categorization. Further research could also 

look into the subjective healthiness, to see how environmental factors influence food choices as 

perceived by the consumers themselves.  

  

The research design and methods 

The first limitation that is related to the research design of the current study was the age and 

intelligence distribution of the research sample. The convenience sample used for the study existed 

mostly of students of the University of Twente, which creates an uneven distribution of age and IQ. 

This means that the results are not representative for the whole population, and results could have been 

different if the sample was better distributed. Further research on a more representative research 

sample should be done to strengthen the knowledge on healthy food choices. 

Subsequently, the task that participants were asked to complete in the VR supermarket was 

unguided and open to interpretation. Several participants commented on this aspect, asking, for 

example: “I can really choose any five products?” and “Should I choose food for lunch or for dinner?”. 

The task was possibly too free and broadly formulated for participants to make realistic food choices 

or to compare the healthiness of their choices with others. It is however arguable that real-life 

shopping is usually unguided and open as well. A suggestion for further research is to specify the task 

and therefore making the choices of participants better comparable with one another. 

During the experiment, the researcher kept communicating with the participants to make sure they 

felt safe; to make sure they understood what technique to use for walking and to troubleshoot for 

errors in the VR system. It also meant that the researcher had to constantly observe the participants, 

which was evident for them. The awareness of being studied, otherwise known as the Hawthorne 

effect, can impact the participant’s behavior (McCambridge, Witton & Elbourne 2014). It can result in 

a social desirability bias, which can result in participants changing their behavior to come across as 

more healthy or responsible than they usually are (Köster, 2009). For further research, it is advisable 

to refrain from interaction during the actual experiment as much as possible, and maybe extend the 

practice simulation to make sure that participants can engage in the VR supermarket without any help 

except when they specifically ask for it. 

Several variables were not taken into account during this study that could have resulted in 

additional findings. For example, the perceived tastiness of the products that were chosen during the 

experiment was not measured. This should be interesting for further research to include, because as 

mentioned in the theoretical framework, taste is still a strong influence in food choices (Mai & 
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Hoffmann, 2015). Hunger was also not taken into account, which is shown to have an interaction with 

impulse food purchases (Nederkoorn et al., 2009). Another factor that was not incorporated was the 

product price, as this would complicate the research model. An interesting topic that was also 

bypassed in the current study is compensatory health beliefs (Kronick & Knäuper, 2010). It would be 

interesting to see whether participants compensated for certain tempting, unhealthy products with 

healthy products, and how this relates to meal size and overconsumption (like the aforementioned 

dieter’s paradox (Chernev, 2011)). These factors should be interesting to explore in further research on 

food choices. 

 

The interior and contents of the supermarket 

The first limitation related to the interior of the supermarket in VR was the limited amount of products 

that were made available on the different shelves. The supermarket was built from existing VR models 

and there was little time to extend the offer and create additional features and products. The variety in 

most product categories was limited, with the exception of the chips and cereal shelves. It might have 

reduced the realism of the VR supermarket and therefore the food choices. This limitation of variety 

and availability possibly resulted in a lack of nuance in healthy or unhealthy products, because there 

was a limited offer of products that were on the border of healthy and unhealthy. Additionally, some 

products were from premium and familiar brands (available in regular Dutch supermarkets) while 

other products were from unknown or non-existing brands. Brand was not taken into account as a 

factor, but this could have been an influential aspect. Further research should focus on elaborating the 

offer and (brand) variety of products, better reflecting the offer of actual supermarkets and create more 

realism in the experiment. 

The starting point of the participants in the VR supermarket application was always on the same 

spot: near the bread shelf and the fruit and vegetables shelves. These products were chosen very often; 

maybe the starting point was the crucial cause for this rather than people’s natural food choice 

behavior. Because the walking-technique was hard for some participants, ease and accessibility were 

influential in their decision making process. This is not directly reflective of consumer behavior in 

actual supermarkets. Randomizing the starting point and testing the influence of the starting point can 

be interesting for further research. 

Correspondingly with literature on placement effects (Dreze, Hoch & Purk, 1994; Foster et al., 

2014), products on eye-level were a popular choice, thus this is in agreement with regular shopping 

patterns. But some products were completely out of reach: for tall people the products on the bottom 

shelves and for short people the products on the top shelf. This adds to accessibility being a prominent 

factor in grocery shopping. This should be improved in the further development of the VR 

supermarket. A recommendation for further research is to investigate the placement effects of healthy 

products in virtual reality and assess to what extent the results correspond with results from literature 

that explored the effects in real-life interventions (Levy, et al., 2012). 
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The VR set-up  

There are several features of virtual reality that can prevent people from displaying their regular 

shopping behavior, and this acted as a limitation of the current study. First of all, experiencing VR can 

be new and exciting for people. The interaction in virtual reality is very engaging and really captures 

your attention. In the VR experiment, it was noticeable that some participants became very playful and 

curious, and this distracted them from the shopping task. A suggestion for further research is to 

integrate the task into the VR supermarket, showing the information on-screen to remind the 

participant of the task. Other information could be added as well, like a receipt of the chosen products.  

Additionally, getting familiar with the VR interaction is not an easy process. It is similar to first 

learning how to drive a car: you are really focused on mastering the technical aspects and, therefore, 

you don’t have complete oversight over the traffic situations yet. Struggling with the techniques can 

distract people from the task they should complete. Walking on the Virtualizer motion platform does 

not resemble actual walking; it is more like dragging your feet backwards and leaning in the harness 

structure. This was difficult for most participants, and it decreased the realistic feel of the VR 

experience. The walking technique was also one of the causes for a large amount of the participants 

reporting that they felt nauseous during or after the experiment. This is a phenomenon called cyber 

sickness (or virtual reality sickness), where people experience motion sickness-like symptoms after 

engaging in VR, including eye strain, nausea and disorientation (LaViola Jr, 2000). It could have a 

negative effect on the realism of the measured behavior. A strong suggestion for further research that 

will make use of the current VR set-up is to elaborate the experiment with a complete practice session 

that lets the participants train with the VR equipment. This creates familiarity with the techniques and 

the feeling of VR, and makes it easier for participant to focus on the actual task when the real VR 

experiment is conducted in the next session. 

 As mentioned earlier, VR could have formed a technical limitation concerning the visibility and 

conspicuousness of the social cue. Some features of the VR supermarket, for example the bar in the 

right corner and the man sitting at the table in the back, were distracting and not necessary for the 

research design. Creating a more basic VR store helps ensuring that the measured effects are due to the 

intended variables, not due to other (uncontrollable) distractive factors. Another suggestion for further 

research is to implement eye-tracking to gain knowledge on what aspects of the VR environment the 

participants are paying attention to. 

 The Leap Motion sensor that detected participant’s hand gestures had some technical 

limitations, and was sometimes not working properly. The Leap Motion technology also does not 

provide tactile feedback: participants had to make a fist to grab and drag products to the cart. Using 

hand controllers might give participants a more realistic sense of actually holding products in their 

hands. Also, integrating the VR set-up with tactile feedback gloves and extra add-ons could enhance 

realism. Incorporating more features that stimulate the senses like audio (supermarket music) can also 

increase the realistic feel of the VR environment (Tal & Wansink, 2011). 
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Additionally to the Leap Motion sensors malfunctioning, the VR application itself also 

contained a few errors and technical mistakes. Movement in the VR supermarket was not always 

smooth, and it displayed some latency and faltering. The VR physics of the products in the 

supermarket needs optimization, since there were instances in which products would, for example, 

suddenly fall from the shelves without being touched. The errors were the result of a limited 

development time for the VR application, and this should definitely improve when the VR application 

is being upgraded and developed for further application in research.  

However, the VR supermarket has not been validated as a reliable research methodology for 

consumer behavior yet. It is unknown how people’s behavior in virtual reality relates to their actual 

behavior. Previous research has examined the integration of VR in behavioral research settings (van 

Herpen et al., 2016) but the set-up in the current study is a big leap forward that has to be investigated 

further. The VR supermarket environment is still a promising instrument for research on consumer 

behavior and environmental influences in the supermarket. It makes it possible to investigate more 

unconscious behavioral aspects than those taken into account in the current study, such as: navigation 

patterns in the supermarket, frequency of visits to certain shelves and the order in which products were 

chosen.  

 
 

5.4 Practical implications 

This study focused on investigating the effects of environmental influences on consumer decision-

making within the setting of a VR supermarket environment. On the impact of social presence in the 

supermarket, contradictory findings were found. No supportive evidence arose for the expected 

positive effect, because the results show a negative influence of social cues on the healthiness of food 

choices. Since previous research did find a positive effect of social cues and social proof (Bittner & 

Kulesz, 2015; Salmon et al., 2015), further exploration is needed to gain more knowledge on how 

social presence in the retail environment is influencing healthy consumer behavior. More extensive 

information on this influence can help specialists from health organizations and governments decide 

on which environmental factors they should focus for improving the healthy lifestyle interventions. 

Additionally, no evidence was found for the influence of shelf arrangement on food choices. It was 

expected that more spacious, less cluttered shelves would have a positive impact on the healthiness of 

food choices. The results of the study did not support this premise, which means that either the effect 

is non-existent, or the shelf arrangement was not operationalized effectively to create impact. Further 

research is needed to confirm which conclusions can be drawn from this and if this information will 

help practitioners with unconsciously stimulating healthier choices amongst supermarket shoppers.  

 New in this study was the application of innovative VR technology, including the Virtualizer 

motion platform, the Oculus Rift VR headset and Leap Motion technology, in order to create a new 

virtual environment that can be used for research on consumer behavior. The usability of the 
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developed VR application turned out to be good. Also, a positive influence was found of general 

health interest on the healthiness of the food choices made in the VR environment. This relationship is 

in line with previous research (Roininen et al., 2001; Zandstra et al., 2001); therefore it indicates that 

the behavior displayed in the VR environment was not completely random but related to behavior in 

real-life situations. For behavioral scientists, this finding implies that VR can be a valuable tool in 

their research methodology. There is considerable room for improvement: increasing the quality of the 

VR application (e.g. extending the offer of products and upgrading the quality of the VR 

environment), investigating the validity of the VR supermarket and integrating the VR supermarket 

with eye-tracking are promising developments that will make the VR supermarket and interesting tool 

for performing research into the environmental influences on food choices in the supermarket. 

 

5.5 Conclusion 

 The aim of this study was to gain further knowledge on consumer decision-making and the 

effects of the retail environment on the healthiness of food choices. The knowledge is necessary to 

support health interventions with the goal of stimulating healthy lifestyles and decreasing risks of 

obesity and other related health threats. Although the results did not show most of the expected 

effects, the findings provide small insights in the complex decision-making processes of consumers. 

The study introduced a novel way of examining food choices, which should be further explored to 

assess the value in predicting shopper behavior. The introduction of the innovative VR technology can 

facilitate the search for further knowledge, as it will be further developed as a realistic and controllable 

research context for exploring consumer behavior. 
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Appendix A: Screenshots Shelves in VR Supermarket 

Figure 9: Comparison of bread shelves. Top: 
packed scenario, bottom spacious scenario. 

Figure 10: Comparison of fruit and vegetable 
shelf. Top: packed scenario, bottom: spacious 
scenario. 

Figure 11: Comparison of pasta shelves. Top: 
packed scenario, bottom spacious scenario. 

Figure 12: Comparison of meat secton. Top: 
packed scenario, bottom spacious scenario. 
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Appendix B: Pre-test Results 
Questions of the Pre-test  

Please indicate to what extent the descriptions fit your association with the photo above. 
 
1 (Completely fits the photo) - 2 (Fits the photo) - 3 (Neutral) – 4 (Does not fit the photo) – 
 5 (Totally does not fit the photo) 
 
Table 7: Pre-test questionnaire 

Association	 Subscale	 M	 SD	
(R)	Untrustworthy	 Trustworthiness	 3.90	 .63	

Healthy	 Healthiness	 4.15	 .38	

(R)	Inexperienced	 Competence	 3.58	 .46	
Intelligent	 Competence	 3.33	 .41	
A	good	role	model	 Trustworthiness	 3.78	 .34	
(R)	Not	sincere	 Trustworthiness	 3.65	 .36	
An	expert	 Competence	 3.50	 .47	
(R)	Not	caring	 Caring/Goodwill	 3.53	 .40	
(R)	Incompetent	 Competence	 4.05	 .42	

 
 

 

 
Figure 17: Results of the Pre-test subscales per athlete 
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Figure 13: Sven 
Kramer, Olympic ice 
skater 

Figure 14: Epke 
Zonderland, Olympic 
gymnast 

Figure 15: Dafne 
Schippers, Olympic 
field athlete 

Figure 16: Ellen Hoog, 
Olympic field hockey 
player 
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Appendix C: Classification of virtual products 
 

Table 8: Classification of products in the VR Supermarket 

Product	name	 Product	category	
Class	based	on	LIM	

&	SAIN	Score	 Health	Score	
Bananas	 Fruit	 1,5	 3,5	
Apple	 Fruit	 1	 4	
Orange	 Fruit	 1	 4	
Watermelon	 Fruit	 1	 4	
Pineapple	 Fruit	 1	 4	
Eggplant	 Vegetables	 1	 4	
Bell	pepper	 Vegetables	 1	 4	
Carrot	 Vegetables	 1	 4	
Tomato	 Vegetables	 1	 4	
White	bread	 Bread	 2,5	 2,5	
Ciabatta	bread	 Bread	 2,5	 2,5	
Whole	grain	brood	 Bread	 1	 4	
Croissant	 Bread	 4	 1	
Kaiser	roll	 Bread	 3	 2	
Mustard	 Condiments	 3	 2	
Mayonnaise	 Condiments	 3	 2	
Ketchup	 Condiments	 3	 2	
Chocolate	sauce	 Condiments	 4	 1	
Slagroom	 Condiments	 4	 1	
Peanut	butter		 Spreads	 3,5	 1,5	
Strawberry	Jam	 Spreads	 4	 1	
Sweeties	Cake	rolls	 Sweet	snacks	 4	 1	
Cookies	 Sweet	snacks	 4	 1	
Crackers	 Sweet	snacks	 3,5	 1,5	
Chocolate	cookies	 Sweet	snacks	 4	 1	
Candy	 Sweet	snacks	 4	 1	
Cake	(blue,	pink	and	
orange)	 Sweet	snacks	 4	 1	

Chicken	 Meats	 1	 4	
Beef	 Meats	 3	 2	
Minced	meat	 Meats	 3	 2	
Salami	 Meats	 4	 1	
Milk	 Fresh	&	dairy	 1	 4	
Cheese	 Fresh	&	dairy	 3	 2	
Eggs	 Fresh	&	dairy	 1	 4	
Butter	 Fresh	&	dairy	 4	 1	
Pudding	 Desserts	 4	 1	
Ice	cream	(Ben	&	Jerry's)	 Desserts	 4	 1	
Apple	juice	 Non-alcoholic	drinks	 2	 3	
Water	 Non-alcoholic	drinks		 1	 4	
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Cola	 Non-alcoholic	drinks	 4	 1	
Wijn	 Alcoholic	drinks	 4	 1	
Beer	(six-pack)	 Alcoholic	drinks	 4	 1	
Raisin	bran	 Cereals	 2	 3	
Rice	krispies	 Cereals	 4	 1	
Trix	 Cereals	 4	 1	
Reese's	puffs	 Cereals	 4	 1	
Cocoa	krispies	 Cereals	 4	 1	
Muesli	bars	 Cereals	 3,5	 1,5	
Cornflakes	 Cereals	 2	 3	
Frosted	flakes	 Salty	snacks	 4	 1	
Pringles	Cheese	 Salty	snacks	 4	 1	
Pringles	Hot	'n	spicy	 Salty	snacks	 4	 1	
Pringles	BBQ	 Salty	snacks	 4	 1	
Pringels	Tortilla	 Salty	snacks	 3,5	 1,5	
Chips	chili	lemon	 Salty	snacks	 4	 1	
Chips	naturel	 Salty	snacks	 3,5	 1,5	
Oven	baked	&	naturel	 Salty	snacks	 3,5	 1,5	
Doritos	 Salty	snacks	 4	 1	
Cheetos	 Salty	snacks	 4	 1	
Rice	 Starch	/	Carbohydrates	 2	 3	
Potatoes	 Starch	/	Carbohydrates	 1	 4	
Whole	grain	pasta	 Starch	/	Carbohydrates	 1,5	 3,5	
Pasta	 Starch	/	Carbohydrates	 2	 3	
Protein	pasta	 Starch	/	Carbohydrates	 1,5	 3,5	
Veggie	pasta	 Starch	/	Carbohydrates	 1,5	 3,5	
Lasagna	 Starch	/	Carbohydrates	 2	 3	
Lasagna	with	meat	 Starch	/	Carbohydrates	 2	 3	
Spaghetti	 Starch	/	Carbohydrates	 2	 3	
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Appendix D: Main Study Questionnaire (English) 
 
Table 9: Post Study System Usability Questionnaire (PSSUQ) (Lewis, 2002) 

Statement	 Subscale	 M	 SD	
1.	Overall,	I	am	satisfied	with	how	easy	it	is	to	use	this	system.	 System	Quality	 5.76	 .88	
2.	It	was	simple	to	use	this	system.	 System	Quality	 5.80	 .74	
3.	I	was	able	to	complete	the	tasks	and	scenarios	quickly	using	this	system.	 System	Quality	 5.39	 1.04	
4.	I	felt	comfortable	using	this	system.	 System	Quality	 5.23	 1.53	
5.	It	was	easy	to	learn	to	use	this	system.	 System	Quality	 6.35	 .60	
6.	I	believe	I	could	become	productive	quickly	using	this	system.	 System	Quality	 4.05	 1.25	
7.	Whenever	I	made	a	mistake	using	the	system,	I	could	recover	easily	and	
quickly	 Interface	Quality	 4.15	 1.43	
8.	The	interface	of	the	system	was	pleasant.	 Interface	Quality	 5.24	 1.02	
9.	I	liked	using	the	interface	of	this	system.	 Interface	Quality	 5.18	 1.12	
10.	This	system	has	all	the	functions	and	capabilities	I	expect	it	to	have.	 Interface	Quality	 5.13	 1.43	
11.	Overall,	I	am	satisfied	with	this	system.	 Interface	Quality	 5.59	 .85	
Total	Usability	Score	 	 5.26	 .64	
 

Table 10: General Health Interest (Roininen et al., 1999) 

Statement	 M	 SD	
1.	(R)	The	healthiness	of	food	has	little	impact	on	my	food	choices.	 5.09	 1.62	
2.	I	am	very	particular	about	the	healthiness	of	food	I	eat.		 4.86	 1.38	
3.	(R)	I	eat	what	I	like	and	I	do	not	worry	much	about	the	healthiness	of	food.	 4.71	 1.44	
4.	It	is	important	for	me	that	my	diet	is	low	in	fat.	 3.68	 1.44	
5.	I	always	follow	a	healthy	and	balanced	diet.	 5.14	 1.32	
6.	It	is	important	for	me	that	my	daily	diet	contains	a	lot	of	vitamins	and	minerals.	 5.13	 1.15	
7.	(R)	The	healthiness	of	snacks	makes	no	difference	to	me.	 4.58	 1.61	
8.	(R)	I	do	not	avoid	foods,	even	if	they	may	raise	my	cholesterol.	 3.53	 1.65	
Total	General	Health	Interest	Score	 4.59	 .95	
 

Table 11: Subjective Health Norm measure 

Statement	 M	 SD	
1.	Most	people	I	know	think	it	is	important	to	buy	only	healthy	products	in	the	
supermarket	

3.54	 1.45	

2.	People	that	are	important	to	me	think	it	is	very	good	to	purchase	healthy	
products	

4.80	 1.20	

3.	My	family	thinks	I	should	eat	a	healthy	diet	 4.36	 1.65	
4.	(R)	People	I	know	very	well	think	eating	a	healthy	diet	is	not	that	important	 4.49	 1.30	
5.	My	friends	are	people	who	focus	on	healthy	eating		 3.90	 1.32	
Total	Subjective	Health	Norm	Score	 4.22	 .99	
 

 

Perceived healthiness of the chosen products 

The following question is about the healthiness of the five products that you chose during the VR 
Supermarket experiment. Give a rating between 1 (unhealthy) and 4 (healthy) for the healthiness of 
each product in your shopping cart and for the total of products. 
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Manipulation check questions 

Social influence conditions 

1. Did you notice the poster of Epke Zonderland on the back wall of the supermarket? 

¨ Yes 

¨ No 

¨ I don’t know 

 

2. What was the slogan underneath the poster of Epke Zonderland? 

…………………………………………………………………………. 

 

Shelf properties conditions 

What statement fits the layout of shelves in the supermarket best? 
¨ The products on the shelves were arranged spaciously, with a lot of room in between products 

¨ The shelves were crowded and fully packed 

¨ None of the above / I didn’t notice the arrangement of the shelves 

 

Personal questions 
What is your age? 

……….………… 

 

What is your gender? 

¨ Male 

¨ Female 

 

What is your highest level of education? 

¨ Primary school 

¨ High school 

¨ Intermediate vocational education (MBO) 

¨ Bachelor (HBO) 

¨ Master (WO) 

¨ Other, …………………………… 

 

What is your country of origin? 

…………………………………………… 

 

 

Do you have any allergies? 

…………………………………………… 

 

Are you a vegetarian or a vegan? 

¨ Vegetarian 

¨ Vegan 

¨ None of the above 

 

Did you have any prior experience with Virtual 

Reality applications?  

¨ No experience 

¨ A little experience; used it once or twice 

¨ I have experience; used it three or more 

times 

 
Do you ever suffer from motion sickness? 
 

¨ Almost never 

¨ Sometimes 

¨ Almost always 

 


