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ABSTRACT 

Today, many people spend a lot of time in virtual environments. With the increasing time people 

spend inside of a virtual environment, an important question one may ask is whether the social 

norms that are present in those virtual environments will influence people’s behaviour in real life, 

just as social norms present in real environments influence people’s behaviour in real life. Recent 

research suggested that aggressive thoughts, feelings and behaviour evoked by events that have 

occurred in the virtual world transgress subsequently into the real world. Therefore, we 

investigated whether manipulating norm-violation in a virtual world can cause people to behave 

more norm-adherent in the subsequent real world. One-hundred and twelve participants were 

asked to perform several short tasks in a virtual environment. Signs indicating an explicit norm of 

anti-littering were presented in the virtual environment. The virtual environment was either clean 

(no norm-violation) or littered with real litter or virtual litter (real or virtual norm-violations. We 

assessed participants’ behaviour related to recycling norms using observational and participants’ 

self-reported measurements. Results suggested an effect of norm-adherence in accordance to 

previous findings in norms-based research using real litter. Virtual litter did not seem to have the 

same effect. Results also suggests that the framing of the explicit norms has an effect on subsequent 

norm-adherent behaviour. Framing explicit norms in an approach manner (“please use the 

trashcan”) may lead to more norm-adherence than explicit norms framed in an avoidance manner 

(“please do not litter”). The implications of the current findings for theory and design of virtual 

environments are discussed. 
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1. INTRODUCTION 

Today, many people spend a lot of time in virtual environments. Virtual reality has been used 

increasingly more often for entertainment purposes the past few decades, and nowadays many 

more services are transferred from the real world into the virtual world. With the increasing time 

people spend inside of a virtual environment, an important question one may ask is whether the 

social norms that are present in those virtual environments will influence people’s behaviour in 

real life, just as social norms present in real environments influence people’s behaviour in real life. 

For example, it might be the case that playing aggressive games leads to more aggressive behaviour 

(Anderson & Dill, 2000). Would activating certain norms in a virtual environment have similar 

effects on consequent behaviour as activating those norms in a real environment? 

In the real environment, Broken Windows theory (Wilson & Kelling, 1982) suggests that activating 

norms in an environment may influence behaviour in the same environment. Specifically, broken 

windows theory states that maintaining urban environments in a well-ordered condition may stop 

further vandalism as well as an escalation into more serious crime. Broken windows theory is 

supported by the focus theory of normative conduct (Cialdini, Reno & Kallgren, 1990). Providing 

evidence for broken windows theory, many studies suggested that by activating social norms, 

behaviour adhering to that norm can be stimulated to, for example, decrease the likelihood of 

littering (Cialdini et al. 1990). But would activating social norms in the virtual world lead to a 

subsequent decrease in the likelihood of littering in the real world as well?  

Recent research suggested that people respond comparable to the influence of social norms in the 

virtual world and in the real world. For instance, Yee, Bailenson, Urbanek, Chang and Merget (2007) 
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found evidence that suggested that several social behaviors and social norms in effect in the virtual 

world are governed by the same social behaviour and social norms in the real world. Yee and 

colleagues found that the interpersonal distance and the eye gaze transfer of people in a virtual 

environment were mostly in line with the Equilibrium Theory (Argyle & Dean, 1965). Equilibrium 

Theory states that the degree of intimacy within a dyadic interaction is maintained by 

compensatory changes in gaze or interpersonal distance. In other words, if we get too close to a 

person with whom we do not want to share high amounts of intimacy, we can avert our gaze to 

reduce that undesired intimacy and return to an equilibrium state (Yee et al., 2007). This study 

suggests that people bring some of their social behaviour and social norms (which they learned or 

were conditioned in the real world) with them when they enter a virtual environment. Similarly, in 

a study by Slater, Usoh and Schroeder (2006) it was shown that socially conditioned responses 

could be generated in a virtual meeting, even though the individuals were presented to one another 

by very simple avatars. Again this research suggested that behaviours conditioned in the real 

environment are just as much in effect in the virtual world as they are in the real world. Likewise, 

Hoyt, Blascovich and Swinth (2003) found evidence that suggested that when performing a novel 

task in a virtual environment, classic social inhibition may occur with the presence of a human-

controlled avatar as observant. Social inhibition is a conscious or subconscious constraint by a 

person of behaviour of a social nature (Zajonc, 1965). In the real environment this means that 

people tend to perform worse at novel tasks when they know they are being observed by other 

people. Hoyt and colleagues have found that the same is true when performing novel tasks in a 

virtual environment. These studies lead us to argue that, under certain conditions, social norms and 

behaviour in the virtual world are just as much in effect as they are in the real world. But if we want 

to test whether social norms in the virtual world can influence behaviour in the subsequent real 
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world, we first need to investigate if the focus theory of normative conduct (Cialdini et al., 1990) is 

also in effect in the virtual world. 

Before we can answer this question, it is important to evaluate the current existing literature about 

social norms in the real world. Lapinski & Rimal (2005) describe how there are several important 

factors for consideration in norms-based research. An important distinction to make is the 

difference between injunctive norms and descriptive norms (Lapinski et al., 2005). Injunctive 

norms refer to people’s beliefs about what ought to be done. Descriptive norms, on the other hand, 

refer to beliefs about what is actually done by most others in one’s social group (Cialdini et al., 

1990). Furthermore, Aarts and Dijksterhuis (2003) describe how the strength of the association 

between a social norm and the environment determines how susceptible people are to behaving 

directly adhering to that norm. If an environment is strongly associated with a certain norm, people 

are more likely to immediately show behaviour adhering to that norm. However it becomes hard to 

predict how people will behave in environments that are not associated strongly with any norm, 

due to the ambiguity of what norm to adhere to, because of the absence of a dominating norm. 

Furthermore, if a descriptive norm were to directly state the opposite as the injunctive norm, 

ambiguity may also arise. Lapinski et al. (2005) describe how this ambiguity in how to behave 

determines the susceptibility to normative influences. In other words, if it is not clear what 

behaviour is expected of a person, they become more likely to behave according to the norm that is 

most salient at that moment. This effect was extensively demonstrated by Cialdini et al. (1990) and 

by Reno, Cialdini & Kallgren (1993). Cialdini et al. found that explicitly stating an injunctive norm, 

and then focusing the person’s attention to a violating descriptive norm, leads to people becoming 

more likely to follow the descriptive norm. In essence the focus of the person on one of the two 

norms (the descriptive or the injunctive norm) is the most accurate predictor in the norm-adherent 
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behaviour of people. Therefore inadvertedly, the salience of either of the norms becomes the most 

accurate predictor in the norm-adherent behaviour of people. 

So will the focus theory of normative conduct (Cialdini et al. 1990) also be in effect in the virtual 

world? Reno et al. (1993) demonstrated that making a norm explicitly salient has a transsituational 

effect, and this effect is stronger when it is the injunctive norm that is made salient. Furthermore, it 

was also demonstrated by Keizer, Lindenberg & Steg (2008) that activating one kind of norm might 

even influence behaviour related to different kinds of norms. Keizer et al.’s research suggested that 

when graffiti was explicitly prohibited but this prohibition was clearly violated people became 

more likely to litter. Likewise it was observed that violation of littering norms lead to an increased 

likelihood of stealing. Keizer et al. called this effect “cross-norm inhibition”. Given that normative 

influences carry over from one environment into another, and that the violation of a certain norm 

needs not be related to the norm that is being inhibited, the focus theory of normative conduct has 

shown to be a robust model for predicting behaviour. We argue that, similarly to how earlier 

research showed that social behaviour and social norms apply as much in the virtual world as in the 

real world (Yee et al., 2007; Slater et al., 2006; Hoyt et al., 2003), the focus theory of normative 

conduct will also be in effect in the virtual world. 

However, can a focus on norms inside the virtual world influence people to become more likely to 

show norm-adherent behaviour in the subsequent real world? And how can we achieve an even 

greater effect of norm-adherent behaviour? Previous research has indicated that aggressive 

thoughts, feelings and behaviour evoked by events that have occurred in the virtual world 

transgress subsequently into the real world (Anderson et al., 2000). Also, as mentioned earlier, 

Reno et al. (1993) demonstrated that making a norm explicitly salient has a transsituational effect, 
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and this effect is stronger when it is the injunctive norm that is made salient. In other words, the 

environment in which a norm is made salient needs not be the same as the environment in which 

norm-adherent behaviour occurs; the effect is carried over into subsequent environments. We 

argue that using the norms present in a virtual environment, we can predict the norm-adherent 

behaviour of people in a subsequent real environment, similarly to how the norms present in a real 

environment can predict the norm-adherent behaviour of people in a subsequent real environment 

(Reno et al., 1993). More specifically, we argue that a descriptive norm that violates an injunctive 

norm, can be either virtual or real; both virtual norm-violations and real norm-violations will have 

an effect on norm-adherent behaviour in the subsequent real world.  

Furthermore, a crucial characteristic of the violated injunctive norm is how that injunctive norm is 

framed. That is, whether an encouragement of certain behaviour (an injunctive norm) would lead to 

the same amount of norm-inhibition as a discouragement of certain behaviour (an injunctive 

norm), even if both types of behaviour lead to the same result (i.e. encouraging to use the trashcan 

would lead to the same result as discouraging to litter). More interestingly, is whether this 

difference in effect between encouragement and discouragement is transferred from the virtual 

world to the real world. In norms-based research the injunctive norm is typically presented to 

encourage or discourage a certain kind of behaviour (i.e. “please use the trashcan” or “please do not 

litter”). In motivation research, the distinction between encouragement and discouragement is 

called approach-avoidance. Approach and avoidance are traditionally the subjects of study in 

research concerning motivation. Motivation is a pervasive and important determinant of behaviour 

for students, teachers, and administrators at all educational levels (Pintrich & Schunk, 1996). 

Earlier research has indicated that approach and avoidance motivation differ as a function of 

valence. In approach motivation, behaviour is instigated or directed by a postive/desirable event or 
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possibility; in avoidance motivation, behaviour is instigated or directed by a negative/undesirable 

event or possibility (Elliot, 1999). Recent research has contended that approach-avoidance is not 

just an important motivational distinction, but that it is fundamental and basic, and should be 

construed as the foundation on which other motivational distinctions rest (Elliot & Covington, 

2006). If the injunctive norm is meant to motivate people into performing a specific kind of 

behaviour, and if approach-avoidance is indeed a fundamental construct in cognition and subject to 

mediation by valence (and perhaps other attitudinal or emotional attributes), it warrants further 

investigation of its effect on norm-adherent behaviour. 

So will the framing of the injunctive norm have an effect on norm-adherence, and will this effect 

carry over from the virtual to the real environment? Similar to the approach-avoidance, in norms-

based research, the injunctive norm is usually presented (either textual or symbolically) as 

behaviour that we should or should not do. Among all studies in norms-based research, Keizer et al. 

(2008) have demonstrated the effect of normative influences, across different conditions using 

varying descriptive and injunctive norms, the most. In three of their six experiments, at least one 

explicit injunctive norm was always present. The explicit injunctive norms used (either textual, 

symbolically or a combination of the two) were “no graffiti”, “no entrance”, “no bikes”, and “please 

return your shopping carts.” Clearly the first three norms can be categorized as avoidance-framed 

injunctive norms, and the last norm can be categorized as an approach-framed injunctive norm. 

However, Keizer and colleagues did not investigate the effect of the framing of the injunctive norm 

on subsequent norm-adherence. Earlier research on the topic of approach-avoidance indicated that 

approach motivation works better when people try to attain something or achieve a goal, whereas 

avoidance motivation works better when people try to avoid something or prevent an event from 

happening (Forster, Higgins & Idson, 1998). We argue that depending on the target social norm, 
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approach-framed injunctive norms and avoidance-framed injunctive norms have a different effect. 

More specifically, we argue that when the target normative behaviour is perceived as approach-

framed, the approach-framed injunctive norm will have a stronger effect. Earlier research (Reno et 

al., 1993) has suggested that injunctive norms have a stronger transsituational effect than 

descriptive norms. Therefore, we argue that approach-framed injunctive norms that were made 

salient in a virtual environment, will show a stronger effect on subsequent real world behaviour 

compared to avoidance-framed injunctive norms. 

1.1. CURRENT RESEARCH 

The current research investigated whether people will show norm-adherent behaviour differently 

by norms activated in the virtual environment versus the real environment. More specifically, we 

investigated whether the explicit norm activation (of anti-littering) and the violation of that norm 

using real litter versus virtual litter, would both lead to subsequent behavioural changes related to 

recycling norms, and attitudinal changes related to recycling and littering norms. We used the same 

method as Cialdini et al. and Keizer et al. (conflicting injunctive and descriptive norms) to test 

whether a virtual norm-violation1 has comparable effects as a real norm-violation on norm-

adherent behaviour. The current research also investigated the effect of approach-framed explicit 

norms versus avoidance-framed explicit norms on norm-adherent behaviour. More specifically, we 

expected that people will show more norm-adherent behaviour if the explicit2 norm was “please do 

                                                             

1 From now on we refer to the violating descriptive norm that we are manipulating (none vs. virtual vs. real) 

as the norm-violation. 

2 An injunctive norm can be formed or made salient in varying different ways. For the sake of clarity, from 

now on we refer to the injunctive norm that we are manipulating (approach vs. avoidance) as the explicit 

norm. 
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not litter” (avoidance) compared to if the explicit norm was “please clean up after yourself” 

(approach) or not. 

In all six conditions of the experiment, participants were asked to do a five minutes distraction task 

inside a virtual environment using a CAVE system3. The virtual environment and the distraction 

tasks were exactly the same across all six conditions except for two variables. The first variable was 

whether litter had been added into the scene and whether this litter was real or virtual (norm-

violation: absent vs. real vs. virtual). The second variable was whether the explicit norm was 

framed in an approach message (“please use the trashcan”) or an avoidance message (“do not 

litter”).  These two manipulations are described further in the Method section. 

The virtual environment was a custom made fictional environment4. The CAVE system and virtual 

environment made it possible to incorporate our two very different types of norm-violation (virtual 

and litter) in a natural way without changing any other aspect of the experiment. The norm-

violation of virtual litter would simply be part of the virtual scene and the norm-violation of real 

litter would simply be real litter scattered around in the CAVE. The condition absent a norm-

violation would entail a clean virtual environment and a clean CAVE. At the end of the experiment 

the participants would receive a paper trash item to take with them. The participants would then 

have ample opportunities to dispose the paper trash item into either the general-purpose trashcan 

                                                             
3 See section Apparatus or Appendix A for a more detailed description of the CAVE system. 

4 See Appendix B for a more detailed description of the virtual environment. 
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or the paper-only trashcan. The number of times a participant would choose to throw the item in 

the paper-only trashcan instead of the general-purpose trashcan provided us with a measure of 

recycling behaviour. Later that day an online questionnaire that would be filled in by the 

participant, providing us with measurements of (1) attitudes towards littering and recycling, (2) 

their self-reported intention of disposing of the paper trash item, as well as (3) several needed 

experimental controls. 

 

1.2. HYPOTHESES 

Previous research has indicated that several social behaviours and social norms formed in the real 

world are also in effect in the virtual world (Yee et al., 2007; Slater et al., 2006; Hoyt et al., 2003). 

We argue that proven theories, such as the focus theory of normative conduct (Cialdini et al., 1990), 

are accurate predictors of behaviour in the virtual world just as much as they are in the real world. 

Previous research has also indicated that aggressive thoughts, feelings and behaviour evoked by 

events that have occurred in the virtual world transgress subsequently into the real world 

(Anderson et al., 2000). Although this research was mainly focused on aggression, it is indicative of 

how thoughts, feeling and behaviour may transgress from the virtual world to the real world. Based 

on these two arguments we formed the following hypothesis. 

H1: A virtual norm-violation will lead to less norm-adherent behaviour in the real world, similarly 

to how a real norm-violation will lead to less norm-adherent behaviour in the real world. 
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FIGURE 1. EXPECTED RESULTS BASED ON H1. THE BARS DEPICT THE PERCENTAGE OF PEOPLE SHOWING 

RECYCLING BEHAVIOUR. 

 

Furthermore, earlier research on the topic of approach-avoidance indicated that approach 

motivation works better when people try to attain something or achieve a goal, whereas avoidance 

motivation works better when people try to avoid something or prevent an event from happening 

(Forster, Higgins & Idson, 1998). Based on this research, we expected the approach-framed explicit 

norm would lead to more recycling-adherent behaviour. We expected that the option to recycle 

when confronted with two different types of trashcans (general-purpose and paper-only trashcans) 

would be perceived as achieving a goal (choosing to recycle). Therefore the approach-framed 

explicit norm would have the strongest effect. Based on these research findings we formed the 

following hypothesis. 
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H2: An approach-framed explicit norm will lead to less norm-inhibition (induced by a norm-

violation), and therefore more norm-adherent behaviour than an avoidance-framed explicit norm 

when the target norm is an approach-framed norm. 

 

Exploratively, we investigated whether the framing of the explicit norm had a different effect on 

norm-inhibition when the norm-violation (virtual or real) was present or not. It could be argued 

that the framing of the explicit norm in an approach manner combined with an approach target 

norm, as well as the absence of a norm-violation will have additive effects; people will become even 

more likely to show norm-adherent behaviour. As such, an avoidance-framed explicit norm would 

lead to a greater likelihood of norm-adherent behaviour when there is no norm-violation, 

compared to when there is a norm-violation (Figure 2a). However it could also be argued that the 

framing of the explicit norm in an approach manner combined with an approach target norm, as 

well as the presence of a norm-violation will lead to be perceived as a greater violation of the 

explicit norm, leading to a greater inhibition of the target norm, leading to less norm-adherent 

behaviour. As such, an avoidance-framed explicit norm would lead to a lower likelihood of norm-

adherent behaviour when norm-violation is present, than when no norm-violation is present 

(Figure 2b). 

H3: An approach-framed explicit norm will have a stronger effect on norm-adherent behaviour 

when there is no norm-violation.  
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(a) 

 

(b) 

FIGURE 2 A&B. POSSIBLE RESULTS BASED ON H3. THE BARS DEPICT THE PERCENTAGE OF PEOPLE 

SHOWING RECYCLING BEHAVIOUR. FIGURE A DEPICTS AN ADDITIVE EFFECT IN THE ABSENCE OF A 

DESCRIPTIVE NORM. FIGURE B DEPICTS AN INCREASED NORM-INHIBITION IN THE PRESENCE OF A 

DESCRIPTIVE NORM. 
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2. METHOD 

A call for participants was sent out through social network sites as well as student mailing lists.  

2.1. PARTICIPANTS AND DESIGN 

One hundred and fourteen participants (86 male and 28 female) participated in this experiment. 

Participants were students of the Fontys Hogeschool Eindhoven, University of Technology 

Eindhoven and the International School Eindhoven. Their ages ranged between 15 and 46 years old 

(M = 24.62, SD = 4.164). For a participation of 10 minutes at the lab and an additional 10 minutes to 

fill in a questionnaire at home, participants received a compensation of 5 euros. Participants were 

allocated at random in one of the six experiment cells. 

2.1. PROCEDURE 

Participants were welcomed in the lobby of a building, and asked to memorize the route they would 

take going to the lab because the experimenter could not escort them back (this was necessary to 

make sure that the participant would use the exact same route to exit the building). The 

experimenter then escorted the participant along the easiest and most direct route towards the lab. 

This route was the observable area. This route was cleared of all regular trash cans, and had instead 

been furnished with specific pairs of general-purpose trashcans and paper-only trashcans (to 

facilitate recycling) at very visible and easily accessible locations (three pairs of trashcans on the 

same floor as the lab, see Figure 3, and one pair of trashcans at the ground floor in front of the 
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building’s exit). Upon entering the lab, the CAVE had already been activated and been set to the 

correct condition. The CAVE would have the dummy task loaded, in which the participant could 

play around before starting the actual experiment. The room was unlit to maximize the visibility of 

the CAVE projections. The participant was asked to either put on the required slippers or proceed 

on their socks before entering the CAVE. The experimenter presented the participant with a pair of 

stereoscopic glasses which were attached by wire to a headtracking device. The experimenter 

shortly briefed the participant that he or she was to stand inside the CAVE at all times and was to 

follow the verbal instructions of the experimenter. As the experimenter handed the participant the 

pointing device used to interact with the scene he gave the following verbal instructions: “As you 

can see, there is a beam of light coming out of the device I am holding. This is your pointing device. 

You can use this pointing device to pick up the balls you see in the virtual environment. If you want 

to pick up a ball, you first point at the ball so that the beam of light touches it, and press the button 

to grab it. To let go of the ball, you must release the button.” The experimenter then told the 

participant that he or she could try using the pointing device, and try to familiarize him-/herself 

with the device for the next 30 seconds. The experimenter explained that in 30 seconds the first 

task would be loaded and the experimenter would issue instructions on each task at the beginning 

of that task. The experimenter also (falsely) told the participant that he was interested in how easily 

the participant adapts to the interaction method used, and that he noted down the time it takes to 

complete each task. The participant proceeded to stand inside the CAVE with stereoscopic glasses 

on and pointing device in hand. The participant then practiced using the device for about 30 

seconds before the experimenter started the experiment. 
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The experimenter notified the participant that the first task would start and asked the participant 

to release any virtual ball he or she may have been holding. The virtual scene then changed to that 

of the first task. The experimenter then explained: “Please place the 3 balls on top of their 

corresponding markers where they should lay still.” The experimenter monitored the progress of 

the participant on a separate computer screen out of view of the participant. Upon completion the 

experimenter congratulated the participant and noted down the time of completion. 

The experimenter notified the participant that the second task would start and asked the 

participant to release any virtual ball he or she may have been holding. The virtual scene then 

changed to that of the second task. The experimenter then explained: “Please place the red balls 

outside of the white square without directly or indirectly touching any of the blue balls.” The 

experimenter monitored the progress of the participant on a separate computer screen out of view 

of the participant. Upon completion the experimenter congratulated the participant and noted 

down the time of completion. 

The experimenter notified the participant that the third task would start and asked the participant 

to release any virtual ball he or she may have been holding. The virtual scene then changed to that 

of the third task. The experimenter asked the participant to stand on top of the newly appeared 

marker on the floor. The experimenter then explained: “Please throw the ball through the small gap 

at the top of the front fence from where you are standing.” The experimenter monitored the 

progress of the participant on a separate computer screen out of view of the participant. Upon 

completion the experimenter congratulated the participant and noted down the time of completion. 
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The participant was asked to step out of the CAVE and place the stereoscopic glasses and pointing 

device on the table. The experimenter then thanked the participant for his or her participation. He 

turned on the lights so that the participant could more easily sign the release form, and the 

participant was paid a compensation of 5 euro. The participant was also given a flyer. The 

participant was forced into accepting this flyer using a cover-up story that the sponsor wanted the 

experimenter to hand them out (“I am obligated to give you this from our sponsor.”). The 

experimenter would stress this fact, and add that they could throw away the flyer if they weren’t 

interested (“but you can throw it away if you’re not interested”). Upon confirming that the 

participant had read the flyer and had lost interest in it, the participant was asked to leave the lab.  

The participant had to pass two halls to get back to the main section of the building complex. In 

these halls the participant was observed by webcams to check if he or she didn’t take a different 

route. 
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FIGURE 3. THE ROUTE PARTICIPANTS TOOK TOWARDS THE BUILDING'S EXIT LEADS THEM PAST THREE 

OPPORTUNITIES TO RECYCLE ON THE SAME FLOOR AS THE LAB. ANOTHER OPPORTUNITY TO RECYCLE 

WAS PRESENT AT THE GROUND FLOOR BEFORE EXITING THE BUILDING. 

At the end of every day, the experimenter checked the four general-purpose trash cans and four 

paper-only trash cans to find the thrown away flyers. The experimenter matched each found flyer 

using its unique marker to the participant that had received that flyer. The experimenter would 

then wait until 22:30 before sending out the emails containing links to the online questionnaire. By 

waiting until the participant had at least started moving homeward, we made sure that the 

participant had had enough opportunity to throw away the paper trash item. 
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Each flyer was marked by a unique identifier to make sure that the disposed flyers collected from 

the trash cans could be matched with the correct participant.  

 

FIGURE 4. MARKERS ON THE FLYERS MADE IT POSSIBLE TO MATCH IT TO A SPECIFIC PARTICIPANT, 

AFTER THE FLYER HAD BEEN FOUND IN ONE OF THE TRASHCANS. 

2.2. MATERIALS 

2.2.1. APPARATUS 

The experiment partly takes place inside a virtual environment. The virtual environment was 

presented to the participant using a four-walled CAVE (Cave Automatic Virtual Environment). In a 

CAVE, the user does not take control of an avatar; rather the user enters the virtual environment 

directly. 
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FIGURE 5. EXAMPLE OF A THREE WALLED CAVE 

A 3x3x3 meter CAVE had projections on the front, right, left and bottom surfaces, creating a nearly 

full field of view image of the virtual world. Participants were asked to wear position tracked 

stereoscopic glasses. Tracking the position of the participants’ eyes in real world space made it 

possible to adjust the projected images in real time. Using stereoscopic glasses and projectors made 

it possible to create a sense of depth for the participants. See Appendix A for a more detailed 

explanation of the apparatus and its working. 

The virtual world that the participant was placed in was a fictional, secluded urban environment. 

That is, the participant was placed in a virtual environment where virtual board fences prohibited 

the user from leaving the perimeter. The board fences were placed in the virtual world exactly 

where the CAVE walls were in the real world, which gave the scene a natural border. This 

prevented the user from walking into the CAVE screens when exploring the virtual environment. 

Behind the board fences several urban buildings and advertisement signs could be seen. 
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Participants could interact with the scene by grabbing and moving virtual balls. Depending on the 

task, the participant could manipulate 3, 25, 1 or 2 balls at the same time. Participants manipulated 

the virtual balls in the scene by using a pointing device. A narrow beam coming out of the pointing 

device made it possible for participants to grab the virtual balls and move them around. The virtual 

balls pushed against other balls in a natural fashion using a custom physics engine (natural 

bouncing, momentum transfer and angular movement were supported). 

The two independent variables were the type of litter (the norm-violation) and the type of the 

normative message (the framing of the explicit norm). They will be explained in the following two 

sections. 

Norm-violation manipulation 

To activate norm-violation, participants were confronted (in all conditions) with an explicit norm 

that indicated that littering was not allowed (acting as the injunctive norm). More specifically, to 

activate norm-violation, some partcipants were presented with litter (either virtual or real). Our 

assumption was that this litter activated a descriptive norm that violates the injunctive norm.  One 

group of participants was presented with real litter during the experiment in the CAVE. The litter 

consisted of ten real A4-sized papers spread along the front and right sides of the CAVE. Another 

group of participants was presented with virtual litter during the experiment. This litter consisted 

of ten virtual A4-sized papers projected along the front and right sides of the CAVE. The papers in 

the real litter condition and in the virtual litter condition had the exact same content and 

dimensions. A third group of participants was presented with no litter during the experiment. 
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The readable content of the papers was choosen so as to make it realistic and natural for both the 

virtual litter and the real litter condition. 

    

FIGURE 6. (LEFT) THE FLYER ON THE LEFT IS REAL, THE FLYER ON THE RIGHT IS VIRTUAL. (RIGHT) 

EXAMPLE OF REAL LITTER DURING THE EXPERIMENT 

Litter (the papers) was distributed along the length of the rightside and frontside fence. Pictures of 

litter in real streets were consulted to produce the best effect. We called this manipulation the 

Norm-violation Manipulation. 
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Explicit norm manipulation 

The explicit norm manipulation consisted of two levels. Approach-framed norm vs. avoidance-

framed norm. We called this manipulation the Explicit Norm Manipulation. 

 

 

FIGURE 7. APPROACH AND AVOIDANCE MESSAGES IN TWO LANGUAGES AS WELL AS SYMBOLS. 

The explicit norm was to make clear to the participant that there was an injunctive norm of “no 

littering” or “pro-cleaning” in this environment. Inside the virtual environment there were 

roadsigns placed with textual and symbolic anti-littering or pro-cleaning norms.  
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Manipulation checks 

To check whether our manipulation of norm violation (Norm-violation Manipulation) had an effect 

on the perception of litter, we used participants’ answers to the question “Was the litter in the CAVE 

experiment real of virtual? (virtual = not real, but projected by the beamers)” to determine whether 

they had seen any litter (virtual and real), and compared this between the three conditions. 

Confirming an effect of litter, this analysis indicated that (although not significant at p < 0.05) 

participants in the no litter condition reported having seen less litter than participants in the real 

litter condition, X2 (1, N = 59) = 3.099, p = 0.067. Surprisingly, participants in the no litter condition 

reported having seen litter roughly equally as frequent (although slightly less often) as participants 

in the virtual litter condition, X2 (1, N = 68) = 0.944, p = 0.233. Using the same question as above, we 

determined whether participants had correctly perceived the Norm-violation Manipulation, and 

compared this between the three levels of the manipulation. In the absent litter conditions, 56.25% 

perceived the manipulation correctly. In the virtual litter conditions 55.56% perceived the 

manipulation correctly. In the real litter conditions 66.67% perceived the manipulation correctly. A 

planned comparison of chi-square tests showed that there was no significant difference between 

any of them (all p’s > 0.1), meaning that participants were equally aware of the manipulation across 

all conditions. 

We also asked whether participants could recall the explicit norm. Of the 95 participants that filled 

in the questionnaire, 33% (31 out of 95) could correctly recall at least the framing of the explicit 

norm (approach vs. avoidance). A chi-square test showed that there was no significant difference in 
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how well participants could recollect the framing of the explicit norm between the approach-

framed and avoidance-framed explicit norm conditions, X2 (1, N = 95) = 0.775, p = 0.379. Of the 95 

participants, 15% (14 out of 95) could correctly recall the exact message of the explicit norm. A chi-

square test showed that there was no significant difference in how well participants could recollect 

the exact explicit norm between the approach-framed and avoidance-framed explicit norm 

conditions, X2 (1, N = 95) = 0.16, p = 0.898. 

Although a surprisingly few number of participants recalled the norm-violation type and the 

explicit norm, participants need not be aware of the descriptive or injunctive norm for our 

hypotheses to hold. We made no requirement out of participants needing to consciously be aware 

of the normative cues in the scene, because previous research made no assumptions about this. 

Additionally, since there were no significant differences between conditions of the manipulation 

and the perception of that manipulation, no participants were excluded from the further analyses. 

2.2.2. MEASUREMENTS 

Several dependent variables were measured during the experiment. We observed the recycling 

behaviour of our participants inside the observable area, and we also asked the participants to 

report their behaviour after they left the observable area. We described both measurements in 

detail in the following sections. 
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Observed behaviour 

For analyses of observed behaviour the dependent variable was whether participants acted 

according to recycling norms. Our hypotheses predicted a significant difference between the 

different levels of norm-violation, that is, conditions with virtual litter and real litter would lead to a 

lower number of participants recycling their trash compared to conditions in which litter was 

absent (H1), and conditions with an approach-framed injunctive norm would lead to a higher 

number of participants recycling their trash compared to an avoidance-framed injunctive norm 

(H2). We also predicted a difference in the effect of approach-framed explicit norms vs. avoidance-

framed explicit norms when no norm-violation was present compared to when it was present (H3). 

Unobtrusively observing people’s behaviour would be the most accurate measurement we could 

make concerning participant’s recycling-adherent behaviour. It is also the same method of data 

collection as both Cialdini et al. (1990) and Keizer et al. (2008) used. Participants were presented 

with opportunities to recycle after the experiment as the participants would make their way to the 

exit of the building. The recycling norm was emphasized at every trashcan because every trashcan 

they encountered was situated next to a paper-only trashcan (“Recycling by seperating trash from 

paper is general knowledge in the Netherlands”). All other trashcans had been removed from the 

corridors. To create a tendency to not recycle, the general-purpose trashcan was open and easily 

accessible, while the paper-only trashcan had a lid and needed to be manually lifted before trash 

could be thrown into it. In a pre-test we confirmed that, when given the opportunity, people would 

use the paper-only trashcan to dispose of their paper trash items. Participants were given a flyer at 

the end of the experiment. This flyer contained information about a job fair that had already passed 
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(the flyer had “expired”). The experimenter would unobtrusively observe what the participant did 

with this flyer at the next four opportunities to dispose of it. The participant could either throw it in 

the trashcan, or throw it in the paper-only trashcan (recycling or non-recycling). Participants that 

choose not to throw away the flyer at all were excluded from this specific analysis. We called this 

dichotomous measure Observed Recycling. 

Self-reported behaviour, intent and attitude 

For analyses of self-reported behaviour we had several dependent variables. For analyses of 

recycling behaviour the dependent variable was what people reported on whether or not they acted 

according to recycling norms. Our hypotheses predicted a significant difference between the 

different levels of norm-violation, that is, conditions with virtual litter and real litter would lead to a 

lower number of participants recycling their trash compared to conditions in which litter was 

absent (H1), and conditions with an approach-framed injunctive norm would lead to a higher 

number of participants recycling their trash compared to an avoidance-framed injunctive norm 

(H2). We also predicted a difference in the effect of approach-framed explicit norms vs. avoidance-

framed explicit norms when no norm-violation was present compared to when it was present (H3). 

Asking questions about participant’s behaviour allowed us to collect data about recycling behaviour 

when the participant had already left the observable area. Analyses showed that the self-reported 

measure yielded a behaviour rate related to recycling (recycling or non-recyling) of 29% and the 

observation measure yielded a behaviour rate related to recycling (recycling or non-recycling) of 

24%. The remaining participants (respectively 71% and 76%) had not reported or shown 
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behaviour related to recycling (they did not dispose of the flyer, they couldn’t remember what they 

did with the flyer, or they intended to attend the job fair). Participants were asked in an online 

questionnaire what they had done with the paper trash item they received at the end of the 

experiment. They could have answered if they 1. “Threw the item in the general-purpose trashcan”, 

2. “Threw the item in the paper-only trashcan”, 3. “Hadn’t thrown away the item yet” or 4. “Didn’t 

recall what they did with the item”. Of these four possible answers, participants that answered 

option 3 or 4 could not be used in the analysis. Participants that answered option 1 were people 

that didn’t adhere to recycling norms, and participants that answered option 2 were people that did 

adhere to recycling norms. We called this dichotomous measure Self-Reported Recycling. 

For analyses of participants’ intentions to recycle and attitudes about recycling, people were asked 

to indicate how much they agreed with the following statements. That is, we measured Self-

Reported Intent by asking how much they agreed with the question “I intended to dispose of the 

paper item in the paper-only trashcan.” To make sure that all participants interpreted the question 

the same way we preceeded the question by another question about throwing the specific item 

away in general by asking how much they agreed with the question “I intended to dispose of the 

paper item”.  

We measured participant’s Self-Reported Attitude by asking how much they agreed with the 

question “I think it is important to throw paper in the paper-only trashcan.” Likewise, to make sure 

that all participants interpreted the question the same way we preceeded the question by another 
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about throwing away trash items in general by asking how much they agreed with the question “I 

think it is important to throw garbage in the trashcan.” 

Combined recycling score 

Only 25 participants showed recycling behaviour and could be used for the Observed Recycling 

measurement. Only 31 participants reported having performed recycling behaviour and could be 

used for the Self-Reported Recycling measurement. Because of these fairly low number of 

participants in either measurement, and the planned logistic regression analysis which required a 

minimum amount of cases for a more accurate model, we compiled a new scale to measure a 

participant’s recycling behaviour. We added the self-reported recycling behaviour cases to the 

observed recycling behaviour cases and compiled a new dichotomous measure where 25 

participants were observed, and the remaining 19 participants had reported having performed 

recycling or non-recycling behaviour (N = 44). Although this measure was not as robust as our 

other measure: Observed Recycling, it did allow us to include cases where participants had disposed 

of their trash outside of the observable area.  

2.2.3. DISTRACTION TASK 

The distraction task consisted of three separate tasks. In the first task participants were asked to 

place each of three balls on the corresponding marker on the floor. In the second task participants 

were asked to remove four red coloured balls out of a collection of 25 balls without touching any of 

the other 21 balls. In the third task people were asked to remain on a predetermined position for 
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the rest of the experiment, and throw a ball over the front fence through a narrow gap. The 

distraction task was specifically designed to keep people in the virtual environment for at least a 

few minutes, as well as focusing their attention to the norm-violation and explicit norm message. 

   

FIGURE 8. THREE DIFFERENT TASKS INVOLVING INTERACTING WITH VIRTUAL BALLS. 
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3. RESULTS 

A first analysis showed that two out of 114 participants had correctly guessed the true objective of 

this experiment. These participants were excluded from further analysis. The remaining 112 

participants were 85 males and 27 females between the ages of 15 and 46 (M = 24.59, SD = 4.16). 

Participant’s gender had no significant effect on any recycling behaviour measure, and therefore 

was not used in any of the subsequent analyses. We had two types of dependent measures: 

observed behaviour and self-reported measures. Both provided a measure of recycling and both 

were analyzed. 

3.1. OBSERVED BEHAVIOUR 

Of all participants, 22.3% disposed of their trash within the observable area (25 out of 112 

participants). The remaining participants held on to their trash item and could not be used for 

further analysis concerning recycling behaviour. Of those 25 participants, only six showed recycling 

norm adherent behaviour (disposing their paper items in the paper-only trashcan, or handing back 

the paper items to the experimenter). A logistic regression analysis was conducted to predict 

Observed Recycling for 25 participants using Norm-violation Manipulation and Explicit Norm 

Manipulation as predictors. To support our H1 the model would have to show an acceptable 

explanation of variance and the Norm-violation Manipulation would have to be a reliable predictor. 

The recycling rate of the virtual norm-violation and real norm-violation conditions of the Norm-

violation Manipulation would also have to be significantly lower than the no norm-violation 

condition. To support our H2 the model would have to show an acceptable explanation of variance 
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and the Explicit Norm Manipulation would have to be a reliable predictor. The recycling rate of the 

approach-framed norm would have to significantly higher than that of the avoidance-framed norm. 

A logistic regression analysis did not provide evidence in support of our hypotheses. That is, a test 

of the full model against a constant only model was statistically non-significant, indicating that the 

predictors as a set could not reliably distinguish between participants who would and participants 

who would not recycle, X2 (3, N = 25) = 0.735, p = 0.865. Nagelkerke’s R2 of 0.043 indicated a very 

low explanation of variance and an almost non-existant relationship between prediction and 

grouping. The Norm-violation Manipulation could not predict Observed Recycling significantly, p = 

0.979. The results of the logistics regressions analysis are displayed in the table below. 

TABLE 1. RESULTS OF THE LOGISTICS REGRESSION ANALYSIS WITH NORM-VIOLATION MANIPULATION 

AND EXPLICIT NORM MANIPULATION AS PREDICTORS FOR OBSERVED RECYCLING. 

 95% CI for exp b 

B (SE) Lower exp b Upper 

Included     

Constant -1.517*  

(1.173) 

 0.219  

Norm-violation Manipulation (Real litter) 0.224* 

(1.179) 

0.124 1.251 12.626 

Norm-violation Manipulation (Virtual litter) 0.182* 

(1.174) 

0.120 1.200 11.984 

Explicit Norm Manipulation 0.800*  

(1.030) 

0.295 2.225 16.765 

Note: Norm-violation Manipulation referencelevel = “Absent litter”. 

Note: R2 = 0.029 (Cox & Snell), 0.043 (Nagelkerke). Model X2(3) = 1.043, p > 0.05. * p > 0.05. 
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An additional logistic regression including the interaction between Norm-violation Manipulation 

and Explicit Norm Manipulation to support our interaction effect of H3 showed no improvement of 

the prediction model.  

3.2. SELF-REPORTED BEHAVIOUR AND INTENT 

Of the 112 participants that participated in the experiment, 95 participants filled in the 

questionnaire.  

Behaviour 

A logistic regression analysis was conducted to predict Self-Reported Recycling for 31 participants 

using Norm-violation Manipulation and Explicit Norm Manipulation as predictors. To support our 

H1 the model would have to show an acceptable explanation of variance and the Norm-violation 

Manipulation would have to be a reliable predictor. The recycling rate of the virtual norm-violation 

and real norm-violation conditions of the Norm-violation Manipulation would also have to be 

significantly lower than the no norm-violation condition. To support our H2 the model would have 

to show an acceptable explanation of variance and the Explicit Norm Manipulation would have to be 

a reliable predictor. The recycling rate of the approach-framed norm would have to significantly 

higher than that of the avoidance-framed norm. A test of the full model against a constant only 

model was statistically significant, indicating that the predictors as a set could reliably distinguish 

between participants who would report that they would and participants who would report that 

they would not recycle, X2 (3, N = 31) = 11.399, p = 0.010. Nagelkerke’s R2 of 0.439 indicated a 

relationship between prediction and grouping. The results were not conclusive in addressing our 
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H1 and H2. The table below shows that Norm-violation Manipulation is an almost significant 

predictor of Self-Reported Recycling. Prediction success overall was 81% (91% for non-recycling 

behaviour and 56% for recycling behaviour). Table 3 shows the results of our logistic regression 

analysis. 

TABLE 2. RESULTS OF THE LOGISTICS REGRESSION ANALYSIS WITH NORM-VIOLATION MANIPULATION 

AND EXPLICIT NORM MANIPULATION AS PREDICTORS FOR SELF-REPORTED RECYCLING. 

 95% CI for exp b 

B (SE) Lower exp b Upper 

Included     

Constant -1.342*  

(0.943) 

 0.261  

Norm-violation Manipulation (Real litter) 0.759* 

(1.112) 

0.242 2.137 18.911 

Norm-violation Manipulation (Virtual litter) -2.473a 

(1.392) 

0.006 0.084 1.292 

Explicit Norm Manipulation 1.982b  

(1.044) 

0.937 7.257 56.191 

Note: Norm-violation Manipulation referencelevel = “Absent litter”. 

Note: R2 = 0.308 (Cox & Snell), 0.439 (Nagelkerke). Model X2(3) = 11.399, p = 0.010. * p > 0.05. Subscript a: p = 

0.076, b: p = 0.058.  

 

To support our H1 the real norm-violation and virtual norm-violation conditions of Norm-violation 

Manipulation would have to be significantly lower than the no norm-violation. Several planned 

comparisons using the chi-square test of independence, compared the absent, virtual and real 

norm-violation conditions. Results indicated a significant difference between real norm-violation 

and virtual norm-violation conditions, X2 (1, N = 23) = 6.659, p = 0.01. Participants in the real norm-
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violation condition almost significantly showed less recycling behaviour than participants in the no 

norm-violation condition, X2 (1, N = 22) = 3.154, p = 0.076. However participants in the virtual 

norm-violation condition did not litter less than participants in the no norm-violation condition, X2 

(1, N = 17) = 0.554, p = 0.457. Thus no support was found for our H1. 

 

FIGURE 9. THE REAL NORM-VIOLATION CONDITION WAS SIGNIFICANTLY DIFFERENT FROM THE VIRTUAL 

NORM-VIOLATION CONDITION. NO NORM-VIOLATION AND REAL NORM-VIOLATION CONDITIONS WERE 

ALMOST SIGNIFICANTLY DIFFERENT. 

To support our H2 the approach-framed norm of Explicit Norm Manipulation would have to be 

significantly lower than the avoidance-framed norm. The logistic regression analyses showed 

interesting results concerning the Explicit Norm Manipulation predictor. An comparison using a chi-

square test of independence to examine the relation between Explicit Norm Manipulation and Self-

Reported Recycling yielded near significant results, X2(1, N = 31) = 3.186, p = 0.074.  
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To support our H3, we had to find a significant interaction effect between Explicit Norm 

Manipulation and Norm-violation Manipulation. Because our sample size was insufficiently large to 

include the interaction between Explicit Norm Manipulation and Norm-violation Manipulation as an 

additional predictor in a logistic regression analysis, we investigated a possible interaction effect 

using a different method. We conducted a series of planned comparisons using the chi-square test 

of independence to examine the relation between Explicit Norm Manipulation and Self-Reported 

Recycling in each Norm-violation Manipulation level seperately. These comparisons yielded across 

all three conditions no significant results; all p > 0.05. Using the chi-square test of independence to 

examine the relation between Norm-violation Manipulation and Self-Reported Recycling in each 

Explicit Norm Manipulation level seperately yielded across all six comparisons no significant 

results; all p > 0.05. However the comparison of the real norm-violation condition vs. the virtual 

norm-violation condition showed in both approach and avoidance-framed explicit messages to 

have a near significant effect; approach-framed X2(1, N = 10) = 3.403, p = 0.065, avoidance-framed 

X2(1, N = 13) = 3.782, p = 0.052. In both cases (approach and avoidance), participants in the virtual 

norm-violation condition showed were less likely to recycle than participants in the real norm-

violation condition. Thus no support for our H3 was found. 
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FIGURE 10. NO INTERACTION EFFECTS WERE FOUND. APPROACH-FRAMED EXPLICIT NORMS ALWAYS LED 

TO A GREATER LIKELIHOOD OF RECYCLING BEHAVIOUR. 

Intent 

The Self-Reported Intent measure was submitted to a 3 (Norm-violation Manipulation: absent vs. 

virtual vs. real) x 2 (Explicit Norm Manipulation: approach vs. avoidance) MANOVA, in which both 

factors were manipulated between participants. Although we made no hypotheses about the intent 

of participants, it may serve as an indirect measure or medium of behaviour. Results did not 

provide evidence for our hypotheses, that is, this analysis showed no main effect of Norm-violation 

Manipulation, F < 1, no main effect of Explicit Norm Manipulation, F < 1 and no interaction effects; 

F(2, 89) = 1.02, p = 0.791. 
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Further explorations indicated that participants who were exposed to an approach-framed explicit 

norm had less intention of disposing their paper trash items (M = 4.50, SD = 2.29) than participants 

who were exposed to an avoidance-framed explicit norm (M = 5.45, SD = 2.11), F(1, 93) = 3.95, p = 

0.05. That is, participants reported that they intended to dispose their trash items in any way, 

rather than just disposing it in the paper-only trashcan specifically (signifying recycling). 

Attitude 

The Self-Reported Attitude measure was submitted to the same MANOVA as used in the intent 

analyses, in which both factors were manipulated between participants. Results did not provide 

evidence for our hypothesis, that is, this analysis showed no main effect of Norm-violation 

Manipulation, F < 1, no main effect of Explicit Norm Manipulation, F(1, 89) = 1.23, p = 0.271 and no 

interaction effects; F(2, 89) = 2.19, p = 0.118.  

3.3. RECYCLING SCALE 

A logistic regression analysis was conducted to predict Actual Recycling for 44 participants using 

Norm-violation Manipulation and Explicit Norm Manipulation as predictors. To support our H1 the 

model would have to show an acceptable explanation of variance and the Norm-violation 

Manipulation would have to be a reliable predictor. The recycling rate of the virtual norm-violation 

and real norm-violation conditions of the Norm-violation Manipulation would also have to be 

significantly lower than the no norm-violation condition. To support our H2 the model would have 

to show an acceptable explanation of variance and the Explicit Norm Manipulation would have to be 

a reliable predictor. The recycling rate of the approach-framed norm would have to significantly 
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higher than that of the avoidance-framed norm. A test of the full model against a constant only 

model was statistically non-significant, indicating that the predictors as a set could not reliably 

distinguish between participants who would and participants who would not recycle, X2 (3, N = 44) 

= 4.229, p = 0.238. Nagelkerke’s R2 of 0.144 indicated a weak relationship between prediction and 

grouping. The results of the logistic regression analysis are displayed in the table below. 

TABLE 3. RESULTS OF THE LOGISTIC REGRESSION ANALYSIS WITH NORM-VIOLATION MANIPULATION AND 

EXPLICIT NORM MANIPULATION AS PREDICTORS FOR ACTUAL RECYCLING. 

 95% CI for exp b 

B (SE) Lower exp b Upper 

Included     

Constant -1.933*  

(0.826) 

 0.145  

Norm-violation Manipulation (Real litter) 0.787** 

(921) 

0.361 2.196 13.362 

Norm-violation Manipulation (Virtual litter) -0.635** 

(1.006) 

0.074 0.530 3.805 

Explicit Norm Manipulation 1.009** 

(0.807) 

0.564 2.744 13.350 

Note: Norm-violation Manipulation referencelevel = “Absent litter”. 

Note: R2 = 0.092 (Cox & Snell), 0.144 (Nagelkerke). Model X2(3) = 4.229, p = 0.238. * p < 0.05. ** p > 0.05.  

 

To support our H1 the real norm-violation and virtual norm-violation conditions of Norm-violation 

Manipulation would have to be significantly lower than the no norm-violation. Several planned 

comparisons using the chi-square test of independence, compared the absent, virtual and real 
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norm-violation conditions. Results indicated no significant difference between any of the norm-

violation conditions, all p > 0.1. Thus no support was found for our H1. 

 

FIGURE 11. THE VIRTUAL NORM-VIOLATION CONDITION WAS NOT SIGNIFICANTLY DIFFERENT FROM THE 

REAL NORM-VIOLATION CONDITION, IN FACT NONE OF THE CONDITIONS PROVED TO SIGNIFICANTLY 

DIFFER. 

To support our H2 the approach-framed norm of Explicit Norm Manipulation would have to be 

significantly lower than the avoidance-framed norm. The logistic regression analyses showed that 

Explicit Norm Manipulation was not an accurate predictor. Thus no support was found for our H2. 

An additional logistic regression including the interaction between Norm-violation Manipulation 

and Explicit Norm Manipulation showed no improvement of the prediction model. Thus no support 

was found for our H3. 
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4. DISCUSSION 

Previous research has indicated that several social behaviours and social norms formed in the real 

world are also in effect in the virtual world (Yee et al., 2007; Slater et al., 2006; Hoyt et al., 2003). 

We argue that proven theories, such as the theory of normative influences (Cialdini et al., 1990), are 

accurate predictors of behaviour in the virtual world just as much as they are in the real world. 

Previous research has also indicated that aggressive thoughts, feelings and behaviour evoked by 

events that have occurred in the virtual world transgress subsequently into the real world 

(Anderson et al., 2000). Based on these findings as well as on the cross-norm inhibition effect 

described by Keizer et al. (2008), we argued the following. A virtual norm-violation will lead to less 

norm-adherent behaviour in the real world, similarly to how a real norm-violation will lead to less 

norm-adherent behaviour in the real world. Therefore, we performed an experiment in which we 

attempted to activate a norm-inhibition (Cialdini et al., 1990; Keizer et al., 2008) by presenting 

litter in an environment in which the explicit norm was an anti-littering norm. We studied whether 

in the subsequent real world, people showed norm-adherent behaviour in relation to a different but 

related norm (i.e., recycling) (Keizer et al., 2008). More specifically, we studied when participants 

performed short tasks in a virtual environment in which they were exposed to real or virtual norm-

violations, whether they would subsequently show similar norm-adherent behaviour when the 

norm-violation was virtual compared to when the norm-violation was real. 

More specifically, our first hypothesis (H1) assumed that when people observed real litter in an 

environment (a violation of the non-littering norm) people become less likely to recycle (cross-
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norm inhibition, Keizer et al., 2008), and when people observe virtual litter in an environment (a 

violation of the non-littering norm) people will also become less likely to recycle. Results provided 

no evidence for H1, that is, the observed behaviour of participants, the self-reported behaviour of 

participants, and a scale combining those two measurements could not provide evidence that 

participants who were exposed to virtual litter and participants who were exposed to real litter 

showed significantly less recycling norm-adherent behaviour compared to participants who were 

exposed to no litter. Although the measure of self-reported behaviour did indicate a near significant 

effect of participants who were exposed to real litter becoming less likely to perform recycling 

norm-adherent behaviour, we could not reproduce the very strong effects found by Keizer et al. 

(2008). In other words, the (cross-) norm inhibition effect could not be reproduced, and left us with 

no baseline to test our hypothesis against. Remarkably, analysis indicated a difference between the 

virtual litter and the real litter conditions, indicating that participants responded very differently 

when confronted with the different stimuli. Participants who were exposed to virtual litter reported 

having recycled significantly more often than participants who were exposed to real litter. These 

findings suggest that virtual litter does not trigger the same effects as real litter does. The Self-

Reported Recycling scale carefully suggested an effect conform Keizer et al.’s cross-norm inhibition 

(comparing real litter to no litter conditions), which almost reached statistical significance. The 

difference between virtual litter and real litter indicated however that participants responded very 

differently between the two different norm-violations. The results may suggest that inside a virtual 

environment, virtual litter does not lead to the forming of a violating descriptive norm, while real 

litter does. Previous research has indicated that people bring their social norms with them when 
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entering a virtual environment (Yee et al., 2007; Slater et al., 2006; Hoyt et al., 2003), and indeed, 

the near significant effect of real litter indicates an influence of an injunctive norm and a descriptive 

norm. But why doesn’t virtual litter lead to the same effect? It may the case that virtual litter inside 

a virtual environment is not considered as a violation of any norm because participants have no 

expectations of how the virtual environment ought to be, or how the virtual environment can be 

any different from what is presented to them. In other words, the litter is as much part of the 

environment as any other object in the scene. In essence, the virtual litter is not identified as litter. 

Our initial manipulation check indicated that participants identified the litter as virtual or real litter 

correctly, equally between both real norm-violation and virtual norm-violation conditions. 

However, further analysis indicated that virtual litter is less likely to be identified as either virtual 

or real litter compared to real litter. In other words, if we dismiss the difference between virtual 

and real litter, virtual litter is identified less frequently as litter than real litter is. We argue that the 

participant is too focused on absorbing the virtual environment as it is, to be worried about how the 

virtual world should be without the litter. We argue that the mere presence of litter is not enough 

for people to form violating descriptive norms. The litter must appear out of place or alien. 

One may also argue that this means that any explicit injunctive norm has no effect in the virtual 

world and that the effect of real litter on recycling behaviour is a result of participants’ injunctive 

and descriptive norms of the (real) laboratory environment rather than the virtual environment. 

However this is discomforming the research findings mentioned earlier, where it was found that 

people take their social behaviour and social norms with them when entering a virtual environment 

(Yee et al., 2007; Slater et al., 2006; Hoyt et al., 2003). It could also be the case that situational 



A comparison of the effect of normative influences on recycling behaviour using virtual versus real manipulations 

 

May 2012 Page 43 

 

norms did not apply because there was no strong association between any norm and the 

environment because the virtual environment was a new environment (Aarts et al., 2003). 

Although the experiment was designed to create a situation of normative ambiguity, it may be the 

case that, similar to what was suggested earlier; the different norms in the virtual environment 

were not picked up as such due to the participant simply accepting the environment as it was. As 

such, no normative influence would take advantage of the ambiguity that arose, and participants 

had no clear norm to adhere to. Therefore, we also argue that participants’ unfamiliarity with the 

virtual environment makes it incomparable to any real environment. Although the virtual 

environment in this experiment and many virtual environments in general were designed to appear 

natural and lifelike, people are still reserved concerning what to expect of an environment. 

Apparently virtual environments are approached differently concerning participants’ expectations 

of normativeness than any real environment. Designing a virtual environment that the participant 

may be familiar with or using a virtual environment the participant has visited before, may 

overcome this issue. Alternatively, the Model of Social Influence within Interactive Virtual 

Environments (Blascovich, Loomis, Beall & Kimberly, 2002) suggests that social influence will occur 

within Interactive Virtual Environments as a function of two additive factors, behavioural realism 

and social presence, and two moderating factors, self-relevance and the target response system 

(Blascovich et al., 2002). The theory suggests behavioural realism and social presence are essential 

when it comes to influencing behaviour of people. Indeed it may be the case that even though our 

experiment had traces of human behaviour (and thereby achieving some level of behavioural 

realism), these traces may not have been enough. Our experiment also does not involve any form of 
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social presence inside the virtual environment. It may be the case that having not enough 

behavioural realism and the complete lack of social presence may have prevented social influences 

to have occured. 

Furthermore, earlier research on the topic of approach-avoidance indicated that approach 

motivation works better when people try to attain something or achieve a goal, whereas avoidance 

motivation works better when people try to avoid something or prevent an event from happening 

(Forster, Higgins & Idson, 1998). Based on this research, our second hypothesis (H2) predicted that 

approach-framed explicit norms would lead to less norm-inhibition and therefore more norm-

adherent behaviour than avoidance-framed explicit norms, due to our target norm being perceived 

as an approach-framed norm. Results of our analyses indicated a similar pattern, however it was 

not conclusive. The framing of the explicit norm has shown to become a reliable predictor for norm-

adherent behaviour on some occasions. In the Self-Reported Recycling measurement, the type of 

explicit norm has shown to have an almost significant effect on norm-adherent behaviour. 

Participants who were exposed to an approach-framed explicit norm became slightly more likely to 

report having performed recycling behaviour than participants who were exposed to an avoidance-

framed explicit norm. This may suggest that the inhibiting effect in the approach-framed explicit 

norm condition was weaker, and therefore the effect of the explicit norm stronger. Surprisingly, 

further explorations indicated that participants who were exposed to an approach-framed explicit 

norm had less intention of throwing away their paper-trash items than participants who were 

exposed to an avoidance-framed explicit norm. Perhaps the participant’s desire to recycle after 

being exposed to an approach-framed norm was such that they either wanted to recycle or not 
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throw the paper-trash item away at all. Although our results showed no significant difference in 

recycling behaviour between approach and avoidance conditions, the results of this analysis 

showed a slight tendeny that was in line with previous research. 

Our third hypothesis (H3) explored whether an approach-framed norm would have a stronger 

effect on norm-adherent behaviour when there was no norm-violation. Analyses on all scales could 

not provide evidence for an interaction effect of any kind. Approach-framed explicit norms showed 

a tendency to have a stronger effect on norm-adherent behaviour than avoidance-framed explicit 

norms across all levels of the Norm-violation Manipulation (no norm-violation, virtual norm-

violation and real norm-violation). Earlier, we argued that there may be the possibility that the 

effect of an approach-framed explicit norm when the target norm is perceived as an approach norm 

(H2), in addition to absense of a violating descriptive norm, would lead to an additive effect on 

norm-adherent behaviour. Analysis showed a slight tendency towards this explanation, but results 

were not conclusive. 
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5. CONCLUSION 

So, will a virtual norm-violation lead to comparable norm-adherent behaviour as a real norm-

violation? The current research suggests that they do not have a comparable effect.  Our current 

research reproduced the cross-norm inhibition effect using real norm-violations of litter and 

recycling behaviour as target norm. However our current research also showed that using virtual 

violations of litter had a non-comparable effect on recycling behaviour. We argue that these 

findings may suggest one of two things. Firstly, that real norm-violation inside the virtual 

environment is perceived as a descriptive norm and therefore has norm-inhibiting effects while 

virtual norm-violation is not perceived as a descriptive norm and has no norm-inhibiting effect. The 

fact that virtual litter was not identified as litter as frequently as real litter was is a likely 

explanation for this. Virtual litter is not perceived as an alien entity in a virtual environment and 

therefore does not lead to the forming of a descriptive norm. Or secondly, the descriptive norm-

violation that influenced people’s subsequent behaviour was not formed by information extracted 

from the virtual environment, but was instead formed by information extracted from the laboratory 

environment. As such, only real litter had an effect on subsequent behaviour.  

Additionally, results suggested that the framing (approach or avoidance) of the explicit norm 

(injunctive norm) can play an important factor in how strong the inhibition effect of the descriptive 

norm will be. Using explicit norms that are framed in the same manner as what behaviour one is 

trying to stimulate, may lead to a stronger adherence to that norm, even when people are faced 

with the ambiguity that may arise from a contradicting descriptive norm. However, only the 

approach-framed norm was tested in this manner. 
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To conclude, the current research suggested that, unlike Broken Windows theory (Wilson et al., 

1982; Cialdini et al., 1990), using social norms in a virtual environment is not a very efficient 

method of maintaining social order and preventing degredation of the environment in the real 

world. However the current research is not conclusive on this matter. It remains unclear whether 

participants formed descriptive norms based on the virtual environment or the real environment. If 

the latter is the case it should be investigated whether participants could form descriptive norms 

based on the virtual environment at all, and what would be required to form them. Future research 

comparing the effects of virtual norm-violations and real norm-violations set in the real world may 

shed more light on the matter of what types of cues will lead to the forming of descriptive norms or 

not. Using virtual environments that participants are familiar with may help overcome some key 

issues as well, namely that participants have at least some expectations of normativeness. This 

research also suggested that framing your normative message in the same manner as the type of 

desirable behaviour (if people need to recycle more, tell them to separate their trash instead of 

telling them to stop polluting the environment), may lead to more norm-adherent behaviour, in line 

with previous research (Elliot, 1999). Further research is warranted to provide a definite answer. 

The current research suggests that manipulating social norms in the virtual environment does not 

lead to behavioural changes in the real world, comparable to how manipulating social norms in the 

real world does. 
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7. APPENDICES 

Appendix A: The CAVE apparatus. 

Appendix B: Virtual world implementation. 
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APPENDIX A 

The CAVE used in this experiment was the CAVE owned and maintained by the Virtual Reality Lab 

at Fontys Hogeschool ICT. In the following sections we will discuss several key aspects of the CAVE 

as they were used in the experiment. For more detailed information and information pertaining to 

devices and possibilities not used in this experiment, you may refer to the website: 

http://www.fontysvr.nl (although the website is almost entirely in Dutch). 

CAVE projections 

The CAVE is a four-walled CAVE with projections on the right, front, left and bottom side. 

Dimensions of the CAVE are roughly 3x3x3 meters. Stereoscopy is achieved through passive colour 

filtering. Each wall is projected on by two beamers with colour filtering lenses. Matching 

stereoscopic glasses block the light coming from either particular lens, allowing each eye to receive 

a different image while looking at the same surface. Beamers project a 60 Herz image at a 

resolution of 1280x1024 per wall per eye. 

 

FIGURE 12. FOUR-WALLED CAVE. 
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For this particular experiment, rendering was done averaged at slightly less than one-hundred 

frames per second. 

Tracking and Input device 

Head tracking and wand tracking are done using the Ascension Flock of Birds. The Flock of Birds is 

a system where an electromagnetic field is generated inside and in the direct vicinity of the CAVE. 

Nodes, containing 3 coils (each indicating the direction of different axis) can be positioned tracked 

inside the electromagnetic field. One node is attached to the stereoscopic glasses. Another node is 

attached to the wand device. This allowed us to recalibrate the projection matrix of each CAVE wall 

in real-time to adjust for head movements. It also allowed us to use wand device to pick up objects 

in a virtual environment. 

Participants used a wand (a Nintendo Wii-mote) to interact with the virtual scene. A tracking node 

was attached to the wand so that a beam of light could be projected to seemingly come out of the 

wand. In this particular experiment, only one button worked (the ‘A’ button). Pressing and holding 

the ‘A’ button allowed participants to grab onto things that the wand was currently pointing at. 

Total system 

Each CAVE wall is managed by a dedicated PC. With four CAVE walls and a server PC for device 

input, the CAVE system has a total of five PC’s working concurrently. Device input is distributed by 

the server PC over the local network using UDP packages. This allows for greater speeds and easier 

connectivity. The total system time lag is somewhere in the region between 70 to 90 milliseconds, 

making this particular CAVE reasonably responsive. 
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APPENDIX B 

The virtual world used in this particular experiment was a custom made urban environment. The 

environment was designed to be secluded and bounded by natural borders to discourage 

participants from walking into the CAVE. Distance in the virtual environment corresponded to 

distance in the real environment. The fence-borders were placed at exactly the same position in the 

virtual environment as the CAVE walls were in the real environment. 

 

FIGURE 13. SECLUDED ENVIRONMENT WITH URBAN SETTING IN THE BACKGROUND. 

It was choosen to not use a floor texture to achieve a natural effect when using both conditions of 

real litter and virtual litter. Excessively vibrant colours were choosen to compensate for light 

intensity loss when beaming on a transparant (see-through) projection-cloth. 

The virtual environment supports very basic physics. Virtual balls react with the environment and 

eachother very accurately. More complex objects or shapes were not supported. 
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Implementation 

The virtual environment was entirely written in OpenGL. It is based on the project ball_interaction 

available at the Virtual Reality Lab at Fontys Hogeschool ICT. The application was written for the 

CAVE using the CAVE framework that the Virtual Reality Lab made available for lab users. The 

environment was designed and programmed entirely by the experimenter. The Virtual Reality Lab 

assisted and provided for significant code portions for the physics engine and CAVE framework. 
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