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Actually in the cinema: A field study comparing real 3D and 2D movie patrons’ attention, emotion and film satisfaction.
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Abstract
While 3D movies and fantasy film genre rise in popularity, the empirical exploration of viewers’ cognitive and emotional engagement with film is currently limited and entirely derived from laboratory based studies of small samples. This study investigated the effect of stereoscopic realism (3D effect) on viewers’ attention, emotion and satisfaction by collecting data from 225 cinema patrons who were leaving the movie theatre having just viewed Thor. The viewers from the 3D condition rated their experience as more perceptually realistic and reported being less distracted during the film than their 2D counterparts. Yet no significant group differences were observed in self-reported emotional arousal or satisfaction with the whole experience. Further analysis revealed that perceptual realism was a better predictor of viewer satisfaction than emotional arousal. We consider the idea that these findings may be a function of the fantasy genre and call for researchers to extend this line of study.


[bookmark: _Toc301446733][bookmark: _Toc301446950]Introduction
While 3D film has been around for as long as the commercial motion picture, it has not always been popular among consumers. The recent revival of 3D movies also revived much debate about the effect of stereoscopy and perceptual realism on the movie experience. Cinema and cinematic techniques already presents the viewer with a persuasive illusion of apparent reality (Smith, Levin, & Cutting, 2012), and in line with other major cinematic developments, the polarized 3D effect that is common in modern movie theatres further increases this illusion. Previous research has supported this idea by demonstrating that the experience of watching films in stereoscopic 3D is more realistic and more immersive  (Ijsselsteijn, de Ridder, Freeman, Avons, & Bouwhuis, 2001; Ijsselsteijn, de Ridder, & Hamberg, 1998; Ijsselsteijn, de Ridder, Hamberg, Bouwhuis, & Freeman, 1998; Pölönen, Salmimaa, Aaltonen, Häkkinen, & Takatalo, 2009) than 2D film experiences (but see Solimini, 2013, for study of negative side-effects of 3D compared to 2D). 
The commercial use of 3D effect in cinema is largely based on the assumption that the increased perceptual realism is associated with increased emotional engagement and viewer satisfaction. However, empirical support for this assumption is largely missing from the literature. Indeed, there are few empirical studies exploring any aspect of viewer engagement with film – or what has been coined psychocinematics (Shimamura, 2013). Those studies that do exist are largely small lab-based research projects that are not representative of  more everyday cinema patronage (e.g. Ijsselsteijn, de Ridder, Freeman, Avons, & Bouwhuis, 2001, n = 24; Ijsselsteijn, de Ridder, & Hamberg, 1998, n = 12; Meehan, Razzaque, Insko, Whitton, & Brooks Jr, 2005, n = 10, 33, 52; Reeves, Lang, Kim, & Tatar, 1999, n = 38; Rooney, Benson, & Hennessy, 2012, n = 29; Shimamura, Cohn-Sheehy, & Shimamura, in press, n = 48; Smith, Levin, & Cutting, 2012, n = 40, 30; Visch, Tan, & Molenaar, 2010, n = 61). This paper aims to fill this gap in the literature by building on previous theoretical accounts and scant empirical research in a field-based study of a large sample of real film-viewers so as to provide a more ecologically valid study of 3D realism and cinema experience.

Apparent Realism vs. Relative Realism
Realism in film is largely conceived as a multi-dimensional construct (Busselle and Greenberg, 2000; Hawkins, 1977; Potter, 1988; Shapiro and Chock, 2004). Based on previous theory (Hall, 2003; Harris, 2000; Tan, 2008; Bilandzic, 2006; Bilandzic and Busselle, 2008) and empirical findings (Bunce & Harris, 2008; Konijn, Walma Van der Molen, & van Nes, 2009), two major processes of appraising the realism of a film can be distinguished. The first way can be referred to as appraisal of the film’s “relative realism”. That is, the perceived similarity of viewed events to one’s own lived experiences; the relative plausibility, typicality or factuality of the viewed events. In order to make this appraisal one must consciously evaluate the viewed events and implicitly accept that they are fabricated. The question “Is this like real life?” inherently requires acceptance that it is not real life. This process of appraisal is primarily conscious and has an alienating effect, requiring the viewer to step outside the film’s world so as to objectify and compare the experience (Rooney, 2011).
The second way to appraise a film’s realism is to do so from within the world depicted in the film, to assess, what can be referred to as “apparent realism”. That is the film’s experiential authenticity or the strength of the “illusion of non-mediation” (Lombard and Ditton, 1997). Apparent realism includes subcomponents of realism such as the feeling of presence (Slater & Usoh, 1994), narrative consistency (Hall, 2003) and, importantly for this study, perceptual persuasiveness (perceptual realism). This appraisal of apparent realism requires online engagement with events depicted in the film, but solely within their own context. Failures to suspend disbelief draw attention to the fictional nature of the experience, and count as problems with the film’s apparent realism. Bilandzic and Busselle (2008) propose that inconsistencies of this sort of realism produce spontaneous online judgements, that reduce the immersive effect. These ideas are also consistent with research that has identified a developmental dissociation between these two types of appraisals (Bunce & Harris, In press) and separate visual processing streams in the brain for conscious perception (the ventral stream) and action (the dorsal stream; Goodale & Humphrey, 1998; Goodale & Milner, 1992; Milner & Goodale, 2008).
Previous empirical explorations of emotional engagement with film have almost entirely focused on knowledge-based relative realism (Huston et al., 1995; Wright, Huston, Reitz, & Piemyat, 1994). Few researchers have explored the effect of manipulating the apparent realism, or experiential authenticity of the viewed events on emotional engagement. Yet, it is this dimension of realism that has been most affected by the major historical developments in cinema technology (3D movies, “the talkies”, surround sound, computer generated imagery, high definition, high frame rate). The current study explores a manipulation of stereoscopic 3D effect and thus it is an exploration of apparent realism, rather than relative realism.

Attention, Emotion and Engagement with Film
The limited capacity model of mediated message processing (Lang, A. 2000) considers the way in which viewers engage with film (and other such media) using a cognitive information processing paradigm. This model proposes that viewer experience is regulated by the dynamic nature of automatic and controlled attentional processes. Importantly, the limited capacity model identifies the interaction between the medium’s content information (e.g. story), its structural information (animation, sound effects etc.) and viewer characteristics (such as emotional arousal, motivations for viewing etc.) and how this interaction can result in the allocation of cognitive resources to differing aspects of the experience. Building on this, Tan’s (2008) dual awareness model also offers a theoretical account of viewer engagement with entertainment experience that can help with the exploration of visual realism in film. 
According to Tan’s (2008) dual awareness model, viewers’ emotional engagement with a film is moderated by the shift in their attention between the knowledge that the film is fictional, and alternatively, the emotional implications of the viewed events. The model predicts that increasing the perception of apparent reality (i.e. perceptual persuasiveness) will reduce participants’ attention to the fictional nature of the experience and thereby intensify emotional arousal. Tan predicts that apparent reality, attention and emotion sustain each other in a symbiotic fashion. Thus viewers of a more realistic or emotionally arousing film should be less susceptible to distraction. In addition, the converse is also predicted. When viewers are distracted from a film’s action, towards their immediate environment, they are reminded of the fictional nature of the experience, their own self-awareness increases and emotional arousal towards the fictional events is reduced. Similar predictions can be derived from Busselle and Bilandzic’s  (2008) narrative comprehension model.


Previous Empirical Studies
Although there are only a limited number of empirical studies that explore apparent reality and the processes of emotion towards film, research findings support these theoretical predictions. Empirical studies demonstrate that techniques of film-making successfully direct and manipulate viewer attention (Shimamura, Cohn-Sheehy, & Shimamura, in press; Smith et al., 2012; Smith, 2013). Research has identified that self-reports of perceived realism of the film experience (Konijn, Walma Van der Molen, & van Nes, 2009), perceived realism of the characters (Krakowiak & Oliver, 2012) and environmental immersion (Visch, Tan, & Molenaar, 2010) have all been positively associated with self-reported emotional states. In addition, emotion processes, operationalised through physiological measures, have been associated with environmental immersion (Reeves, Lang, Kim, & Tatar, 1999) and perceived apparent reality (Meehan, Razzaque, Insko, Whitton, & Brooks Jr, 2005; Rooney, Benson, & Hennessy, 2012).
Implicit in much of the research in emotion towards film is the idea that increasing emotional arousal will also increase viewer satisfaction. Previous theories agree that emotional arousal is a central function of film entertainment (Grodal, 2009; Plantinga, 2009; Tan, 1995, 2008; Zillmann, 1994; Zillmann & Vorderer, 2000) suggesting that a good film is one that prompts strong emotions. Indeed, Nabi, Stitt, Halford, and Flinnerty (2006) claim that arousal of any emotion can generate enjoyment for the viewer, even when film elicits a negative emotion. For example, a study by de Wied et al. (1994) reports that viewers who felt the most distress while watching the fictional tragedy Steel Magnolias (Ross, 1989) rated it as a better film.  While emotion towards cinematic tragedy might not be accurately described as pleasant, fun or enjoyable, participants are not dissatisfied when this occurs. For this reason experts have proposed that the term “appreciation” might capture the experience of liking a film that aroused negative emotions better than “enjoyment” (Oliver & Bartsch, 2010; Oliver & Bartsch, 2011; Tan, 1995). Yet their use of the term appreciation emphasises the drawing of meaning from the experience, and the search for meaning may not be part of every viewer’s motivation. 
Representing such individual differences in motivation can be a challenge for researchers. For example, a viewer might report that the screen was not very big and the film displayed low levels of narrative consistency, yet they might also report that these conditions were perfect for their taste. In light of these ideas, the current paper uses the term “satisfaction” as a more general term to capture the degree to which viewers perceived the film experience to be in line with their personal viewing motivations i.e. what they wanted from the experience, whatever that may be. It could be predicted that manipulation of entertainment elements that affect emotional arousal would also affect viewers’ level of satisfaction. If increasing realism increases emotional arousal, it might be predicted that it will also increase satisfaction.
Much of the basis for what we know about viewer experience of film is derived from research that has been conducted in laboratory settings. Laboratory experiments offer many advantages over field work, such as efficient and economical methods of data collection and high levels of experimental control. However, they do not always offer a high level of mundane realism i.e. similarity to a typical everyday experience (Aronson & Carlsmith, 1968). For example, many of the studies’ findings are derived from the use of film-clips (e.g. Lombard, 1995; Rooney et al., 2012; Visch et al., 2010) or abridged versions of films (de Wied et al., 1994). Furthermore, some of the previous research studies collected data using relatively invasive physiological measurement tools (e.g. Reeves et al., 1999; Rooney et al., 2012) that are not present during the typical viewing experience. Adding to this issue is that much of the research is conducted with largely homogeneous samples involving university students. While this sample may be among the highest cinema going group (e.g. MPPA, 2012, report that 18 – 39 year olds are the largest cinema going demographic), cinema is wide reaching form of entertainment, that continues to grow (MPPA, 2012).
Previous research has not been conducted in a situation where participants have chosen the film for themselves. Various studies of social psychology have collected data from cinema-goers in the field (Burzynski & Bayer, 1977; Edwards, Oakes, & Bull, 2007; Goldstein, Rosnow, Raday, Silverman, & Gaskell, 1975; Hanewinkel, Isensee, Sargent, & Morgenstern, 2010; Otis, 1979; Peddecord et al., 2008; Sargent, Morgenstern, Isensee, & Hanewinkel, 2009) so as to test social learning theories, narrative persuasion or conformity. However, to our knowledge, there are no studies that have explored the experience of watching film, the processes of emotion towards film, or the role of apparent reality in a real cinema setting, with bone fide cinema patrons. 

The Present Study
The present study explores the effect of increased apparent reality (using stereoscopy) on attention and emotional arousal of participants who are attending a film in a more ecologically valid setting than previous research. In order to do this the present study compared participants’ reports of apparent reality, emotion and attention at 3D and 2D screenings of a newly released blockbuster. It also aims to explore how increased apparent reality affects participants’ satisfaction with the film experience. This is an important avenue for study that is largely missing from previous research. In light of issues outlined above, satisfaction is indexed using self-reported behavioural intentions e.g. viewers’ intentions to see the film again or recommend it to a friend. 

Hypotheses.
H1: In line with Tan’s (2008) dual awareness model, it is predicted that, compared to the 2D condition, participants who view a film in 3D will demonstrate increased level of attention towards the film, as indexed by their self-reported distraction away from the film.
H2: It is also predicted that the 3D effect will be associated with increased level of emotional intensity and thus participants in the 3D group will report a significantly higher level of emotional arousal when compared to those participants who view the film in 2D.
H3: In line with these predictions, it is predicted that the 3D group will report a significantly higher level of overall satisfaction for the film experience than the 2D group.
H4: Finally, we predict that perceived realism, attention, and emotional arousal will be significant predictors of satisfaction with the experience, regardless of condition.


Method
[bookmark: _Toc301446734][bookmark: _Toc301446951]The Movie
It was necessary that the chosen film was showing in both 3D and 2D format, was widely appealing and would be well attended (to maximise the efficiency of data collection). As the present study looks at perceptual realism, it was also important that the film involved live-action actors and scenes. For these reasons, the film Thor (Branagh, 2011) was chosen. While Thor is primarily a fantasy type superhero movie (see Table 1 for brief synopsis), it is important to clarify that many of the film events are portrayed in a familiar and typical environment with many “normal” or believable protagonists. Thor’s presence and his superhuman powers are presented as exceptional to the setting of the film, as with other action films such as Superman, Indiana Jones or James Bond. Thus there is ample opportunity to find levels perceptually familiar and apparently realistic experiences. Uhrig (2013) argues that fantasy films are popular due to the fact that they possess both elements from the viewers’ everyday lives and the imaginary fantasy world at the same time. According to Uhrig, this unique relationship with realism intensifies the quality of their emotional effect.
Selecting a fantasy genre film was also particularly relevant to current and lasting trends in movie-going patronage. For example, fantasy genre demonstrates popularity across a wide range of age groups (Falconer 2009). Indeed, only three of the 50 highest grossing films worldwide of all time (Titanic, The DaVinci Code and Forrest Gump) are outside the fantasy or science fiction type genre (Boxofficemojo, 2013) and Thor (Branagh, 2011) ranks as the tenth most popular film in 2011 (Boxofficemojo, 2013). Thus, this film and this genre are extremely popular among viewers. 

[bookmark: _Toc301446735][bookmark: _Toc301446952]Measures
Perceived apparent reality (manipulation check). In order to confirm that the manipulation of stereoscopy served as a manipulation of apparent reality, participants’ perceptions of apparent reality were operationalised through the ecological validity subscale from The ITC-Sense of Presence Inventory (ITC-SOPI) (Lessiter, Freeman, Keogh, & Davidoff, 2001). This self-report measure indicates the level to which a viewer perceives the mediated environment as lifelike and real. The ecological validity subscale of the ITC-SOPI (hereafter referred to as perceived apparent reality) consists of 5 items that focus on feelings of perceived naturalness or apparent reality during the media experience (e.g. “I had a strong sense that the characters and objects were solid”. Participants are asked to indicate their level of agreement with each item on a five-point Likert scale (1-5). This subscale demonstrated acceptable levels of internal reliability in the original samples (α=.76) and the current sample (α= .85).
Attention. Self-reported distraction was measured using a three items developed specifically for this study (Likert scale from 1 to 6) and were taken at face validity. Participants were asked to indicate how often they found themselves distracted by other people in the cinema, by their own thoughts, or by a mobile phone or other device (e.g. “Please indicate how often you found yourself distracted by… Other people in the cinema talking, laughing, using their mobile phone”). 
Emotional arousal. The Self-Assessment Manikin (SAM) rating scale (Lang, 1980) is a non-verbal 9-point scale allowing participants to indicate the level of arousal (relaxed to activated) that they experienced during exposure to some stimulus. While this dimension of emotional experience is measured on only a single item, scores on this scale have demonstrated very strong and statistically significant positive correlations (r =.96) with the corresponding dimension on the 18-item semantic differential scale (Mehrabian & Russell, 1974). 
Satisfaction. Participants’ satisfaction with the film was measured using four 6-point items that formed a Satisfaction Scale developed specifically for this study. Participants indicated how much they liked the film, how likely they were to recommend the film, how successful the film was at delivering what they wanted from the experience and how much they would like to see the film again (e.g. “I would recommend this film to my friends”). These items allowed for the exploration of attitude and behavioural intention while also allowing for the possibility that some emotions generated by film are not positive or “likable” but that some viewers chose films for this reason. Tests of internal consistency revealed acceptable levels of reliability with the current sample (α =.90).
Demographics and background variables. Participants were also asked to indicate their sex, age group, education level, the frequency of their cinema visits, whether they had seen the film before, whether the film they saw was their first choice and whether it was a deliberate decision to see the film in the format (2D or 3D) that they saw it in. In the interest of keeping the questionnaire brief, these items were closed-multiple choice questions, with the exception of the frequency of their cinema visits.

Ethics
Participants were fully informed as to academic nature of the study and the voluntary nature of participation. This study was approved by the institution’s Human Research Ethics Committee.

[bookmark: _Toc301446736][bookmark: _Toc301446953]Procedure
This quasi-experimental study of cinema patrons was conducted in a suburban multi-screen cinema, during a single weekend (Friday and Saturday) in April 2011. When patrons were about to enter the theatre, they were individually informed that they had the opportunity to enter a raffle for free cinema passes if they helped with a short questionnaire after the film.
As the cinema industry prioritises film popularity and consumer capacity above experimental control, it was not possible to recruit participants from 2D and 3D screens of the same size. As screen size has been shown to effect emotional arousal (Reeves et al., 1999), variance in screen size needed to be balanced. Thus, participants were recruited from a 2D screen and two 3D screens, one that was larger than the 2D screen and one that was smaller (details of the screens are provided in Table 2). 
After the screening of the movie, all audience members who appeared to be over 18 years old were approached as they exited the cinema. After their age was confirmed, they were invited to complete the questionnaire. Some patrons refused saying that they did not have the time or they gave no reason. If they agreed, patrons were handed the questionnaire on a clipboard and given as much time as they wanted to complete it. The completed and anonymous questionnaires were collected and participants were asked to leave their details separately so as to be entered into the raffle for free cinema tickets.

[bookmark: _Toc301446737][bookmark: _Toc301446954]Participants
A total of 254 participants agreed to complete the questionnaire when leaving the film. In the 3D group, participants who indicated that they have never or only once before experienced a movie in 3D format (19 participants) were excluded from the research, leaving only viewers who were familiar with the 3D experience. This served to reduce the possibility that any observed group differences in emotional arousal or attention are due to the novelty of the experience rather than perceived realism. In the 2D group, 10 participants indicated that they have never or only once before experienced any movie in 2D format. While this seems surprising, it was deemed appropriate to also exclude these people from the analysis to reduce the role of novelty effects. After this exclusion, the total sample was 225 participants (See Table 2 for sample breakdown). Of this sample, 221 participants (98.22%) reported not seeing the film before. Participants were only asked to report their age group; the frequency of the various responses is reported in Table 3.
[bookmark: _Toc301446738][bookmark: _Toc301446955]
Results
Group means were calculated for the subscales of perceived apparent reality, attention, and satisfaction (Table 4). The distribution of these data was also explored with skewness and kurtosis falling within acceptable parameters for all data but attention, which was positively skewed and leptokurtic. However, parametric analyses are robust to violations of the assumption of normality (Glass, Peckham, & Sanders, 1972) and particularly when dealing with large samples. Given the current sample size parametric analysis was used for all dependent variables.
Before testing the hypotheses, it was necessary to ensure that the groups did not differ in terms of any potential confounding variables. No significant difference was observed between participants recruited from any of the screens (Screen, 1, 2 or 3) in terms of their age group or the frequency with which they visit the cinema. There was also no significant relationship between screen number and sex, education level, having previously seen the film, or whether or not the film was their first choice. In order to ensure that the variable screen size did not systematically confound the results, a series of independent t-tests were conducted comparing the two 3D groups. Results indicated that the 3D groups did not significantly differ on any of the dependent variables and thus independent t-tests were used to compare the 2D group (n=86) with the collapsed 3D groups (n = 139) on all variables.
It was also possible to explore the role of novelty in 3D viewing, by comparing those who had never seen a film in 3D format with those who were more experienced 3D viewers. Independent t-tests were conducted to compare novice 3D viewers with experienced 3D viewers. These results revealed that experienced 3D viewers were significantly higher than novice 3D viewers in terms of their self-reported perceptual realism, t(158)=-2.34; p<0.05; d = -0.62, emotional arousal, t(144)=-2.22; p<0.05; d = -0.6, and satisfaction, t(159)=-3.14; p<0.05; d = -0.79. No significant differences were observed between experienced and novice 3D viewers in terms of attention, t(162)=-0.201; p<0.05; d = -0.05. This demonstrates that those who have seen more 3D films, reported that they found Thor to be more perceptually realistic, they experienced more emotional arousal and that they were more satisfied with the film than novice viewers, thus supporting the decision to exclude the novice viewers from the analysis. (This finding also encourages future research to explore the role of such novelty in engagement with film). 
Next it was necessary to check that the manipulation was successful. Confirming this, an independent t-test demonstrated that the 3D group reported significantly higher levels of perceived apparent reality than the 2D group, t (219) = -1.71; p < .05; d = -0.23. This means that participants in the 3D group rated their experience as more natural or perceptually realistic than the 2D group i.e. closer to a non-mediated experience and so the manipulation was successful. Although, it is worth noting that the means for both groups were higher than scale (1-5) mid-point (2.5), yet not very high (2D = 2.73, 3D = 3.01).

[bookmark: _Toc301446739][bookmark: _Toc301446956]Hypothesis testing
Hypothesis one predicted that the 3D group would demonstrate increased level of attention towards the film, compared to the 2D group. This hypothesis was supported by the results of an independent t-test, showing that the 2D group reported significantly lower levels of attention towards the film than the 3D group, t (145.77) = -1.73; p < .05; d = -0.24. Hypothesis two predicted that compared to the 2D group, the 3D group would demonstrate significantly greater levels of self-reported emotional arousal. Independent t-tests revealed no significant group differences in self-reported level of emotional arousal (See Table 4). Thus participants in the 3D group did not report experiencing any more emotion than their counterparts in the 2D condition. The third hypothesis predicted that the 3D group would demonstrate a higher level of satisfaction than the 2D group, however, an independent t-test revealed no significant group difference in participants’ self-reported satisfaction with the experience (See Table 4). Thus results demonstrate that participants in the 3D condition were less distracted than those in the 2D condition, yet no more emotionally aroused or satisfied with the experience.
Hypothesis four predicted that regardless of condition, perceived realism, attention and emotion will be significant predictors of satisfaction with the experience (Ha4). Multiple regression analysis revealed a significant model, using the Enter method, F (2, 223) = 41.02; p < .05, that explained 34.7 % of the variance in satisfaction (adjusted R square = .347). Within this model, perceived apparent reality accounted for most of the variance,  β =.41; p <.001, followed by emotional arousal,  β =.27; p <.001, and attention accounted for the least,  β =-.14; p <.05. Thus, referring to the beta coefficients, perceived apparent reality was a better predictor of satisfaction than emotional arousal, and both were better than attention.

[bookmark: _Toc301446743][bookmark: _Toc301446960]Discussion
This study compared 3D film presentation with 2D presentation in terms of the self-reported attention, emotional arousal and satisfaction. Importantly, this study aimed to test whether the findings of previous studies could be extended to a natural movie-going experience. As such, this is the first study to explore these processes in a typical cinema environment, with real cinema patrons. Having established that the groups did not significantly differ in terms of the possible confounding variables (e.g. age, sex, frequency of cinema visits) the manipulation check confirmed that the film in 3D format was rated as more perceptually realistic. Tan (2008) argues that such perceived realism can sustain emotional arousal. Thus the manipulation was successful and the predicted effects of the manipulation could be tested.
Supporting hypothesis 1, results demonstrated that the 3D group were less likely to be distracted away from the film than participants in the 2D group. This suggests that attention to a 3D film might be easier to sustain than attention to the same film in 2D. While this is a novel finding, it is in line with ecological views of film cognition (Anderson, 1996; Cutting, 2005; Smith et al., 2012). This is the idea that perceptual engagement with film is supported by techniques that mirror the way in which the visual system engages with everyday / non-mediated images.
Next we asked if this 3D effect, associated with increased attention, might be associated with higher levels of emotional arousal (Ha2) and ultimately with viewers’ satisfaction with the experience (Ha3). Results showed no difference between the groups in terms of emotional arousal or satisfaction. Thus this study demonstrates that the 3D affect was rated as more perceptually realistic and participants in this condition were less distracted, yet they did not report more emotional arousal or satisfaction with the experience.
 Previously, Rooney et al. (2012) have demonstrated this pattern of results in a laboratory study using physiological measures. Their findings demonstrate that the 3D effect is associated with increased parasympathetic nervous system (PSNS) activity, which has been associated with emotion regulation and attentional processes (Porges, 1995; Thayer & Lane, 2000). Yet, in that same study, they found no evidence for a difference between 2D and 3D in sympathetic nervous system (SNS) activity, which has been associated with emotional arousal processes (Dawson, Schell, & Filion, 2005). 
Considering the results of the current study together, it is possible that the increased realism sustained attention to the film, but the emotional value of the film remained unaffected. Sometimes while watching a film, we remind ourselves that it is only a film, perhaps by shifting our attention to the setting or the people we are with, making us conscious of the fabricated nature of the experience. Viewers actively employ this technique so as to regulate emotional arousal when things get a little too real or too emotionally intense (Koriat, Melkman, Averill, & Lazarus, 1972; Rooney et al., 2012; Speisman, Lazarus, Davison, & Mordkoff, 1964). However, we propose that the 3D effect makes it difficult to reduce intense emotions because it seems more realistic and it sustains our attention to the film. If this is the case, then differences between the emotional experience of the 3D and the 2D group would be evident only when the film generates intense emotions that need to be regulated (e.g. horror). Without the need for emotional regulation, 3D merely sustains our attention. Perhaps this film did not generate the sorts of emotions that need to be regulated. That is, the types of emotions that 3D most effects.
Testing hypothesis three, we found no significant group difference in participants’ satisfaction with the film. This findings might challenge the value of increased ticket prices for 3D film when no significant difference was observed in satisfaction levels. This is particularly important in light of the claim that the commercial use of 3D effect in cinema is largely based on the assumption that the increased perceptual realism is associated with increased emotional engagement and viewer satisfaction. 
On one hand, perhaps it is surprising that there were no differences in satisfaction with the film. The 3D film was reported to be more perceptually realistic than the 2D film, and previous research in a laboratory setting has observed that increased immersion is associated with a higher level of interest and enjoyment (Visch et al., 2010). On the other hand, the lack of group differences in satisfaction is perhaps not surprising given the lack of group differences in emotional arousal. Almost all previous work in the area gives a central role to emotional arousal in satisfaction with the film experience  (e.g.Grodal, 2009; Plantinga, 2009; Tan, 1995, 2008; Zillmann, 1994; Zillmann & Vorderer, 2000). Thus these results suggest that the role of emotional arousal is more important in satisfaction than apparent realism. This issue questions the function of film for the viewer. While theory and laboratory research has associated realism with emotional arousal, we can consider whether it is more important to the viewer for a film to generate emotion or to simulate reality. 
Hypothesis four predicted that each of the main variables, perceptual realism, attention, and emotion, would significantly predict viewer satisfaction. Testing this hypothesis also allowed for the exploration of the relative contributions of each quality to viewer experience. The regression analysis revealed that all three, (realism, attention and emotion) were significant predictors of viewer satisfaction, yet the best predictor of satisfaction was perceived realism, regardless of condition. This is in line with Busselle and Bilandzic’s (2008) model for narrative engagement, which proposes that a consistent or realistic film allows the viewer to enter a flow state in building mental models and thus is more enjoyable. 
It is possible that realism was more important than emotion only for this genre rather than a feature of all film experiences. Thor, like many fantasy/superhero type films, is primarily about bringing to life fantastic experiences and allowing the viewer to step into the film world (Butler, 2009; Uhrig, 2013). In this way, they deviate in various subcomponents of relative and apparent realism. Perhaps people viewed this film primarily as an opportunity to vicariously experience the world of Thor, rather than to be emotional about the events. This is an important clarification in light of the theoretical arguments (Bilandzic, 2006) and empirical findings (Bálint & Pólya, in press) that individual differences can mediate the effect of film genre on emotion, and given that the current sample may represent a group with homogenous aesthetic preference. This proposal calls for a more thorough exploration of the function of film for the viewer and how any individual differences might be associated with preferred genre. In light of the null finding for emotion and satisfaction, these ideas also invite the film industry to carefully consider the way in which they use and market 3D effects.
[bookmark: _Toc301446744][bookmark: _Toc301446961]Limitations and Future Directions
By conducting the research with participants in a real cinema the current study’s findings offer important additional information to those of previous research. However, for the same reason this study was faced with associated limitations. The current study collected data from only one cinema, in one suburb, on one weekend. It is not expected that these aspects of the study render it any less useful, but it is important that this is recognised and reported. 
The efforts to preserve the ecological validity of the film experience in the current study inherently hindered various elements of experimental control. For example, variables such as screen luminance and visual angle could not be controlled. In addition, the viewers in the 3D group watched the film through associated eyewear that the viewers from the 2D condition did not. While these elements might be potentially problematic for exact experimental precision, to remove these conditions could arguably remove the ecological validity that the current study aimed to preserve. For example, asking all viewers in the 2D condition to wear 2D glasses would draw their attention to the experimental context and they would be watching the film under unusual conditions (typically 2D viewers do not wear 2D glasses).  Despite this issue, the findings of the current study are supported by previous research that has incorporated such experimental control, yet could not claim ecological validity beyond the laboratory context (Rooney et al, 2012).
Perhaps more problematic is the fact that the current study was limited to data collection from only one film. While this was necessary given the study’s dependence on the release of a 3D film that met the study’s criteria, it also means that the generalisability of the findings might not be as far reaching as would be possible if it had used various different films. This is especially true in light of the argument that the relationship between the viewer and the film itself is of great importance to the processes of emotional response during film experience. Thor is a fictional film with high levels of fantasy and science fiction. It is possible that viewers’ engagement with this genre is unique and this might render the findings incomparable beyond this genre. On the other hand, as stated earlier, this type of film is the most popular in the box office (Boxofficemojo, 2013) and so its use in the exploration of emotion is important if findings are to be generalised to typical cinema experiences.
[bookmark: _Toc301446745][bookmark: _Toc301446962]Conclusion
The present study aimed to explore the effect of increased apparent reality on viewers’ attention, emotional arousal and satisfaction in a more generalisable setting. This study provides evidence that cinema-goers who view a film in 3D report higher levels of perceptual realism, and are less distracted during the film, when compared to cinema-goers who viewed the same film in 2D. However, no differences were observed between the 3D and 2D groups in terms of self-reported emotional arousal or their satisfaction with the experience. It is cautiously suggested that this is due to the way in which 3D affects emotion (via attention / regulation) and the nature of the film. Thus researchers are invited to extend this line of research beyond the current genre and produce innovative ways to document film-watching experience while reducing their level of intrusion on the experience.
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Table 1 Details of stimulus used 

	Details
	Duration

	Synopsis

	
	
	

	Branagh, Arad
& Feige (2011)
Thor
	115 mins
	At the centre of the story is The Mighty Thor, a powerful but arrogant warrior whose reckless actions reignite an ancient war. Thor is cast down to Earth and forced to live among humans as punishment. Once here, Thor learns what it takes to be a true hero when the most dangerous villain of his world sends the darkest forces of Asgard to invade Earth.







Table 2 Properties of the Cinema Theatres, Screens and sample

	Screen
	3D L
	3D S
	2D

	Format
	Digital 3D
	Digital 3D
	Digital 2D

	Seating capacity
	375
	230
	157

	Projector type
	Barco DP2K
20C digital
	Barco DP2K
15C digital
	Barco DP2K
15C digital

	Sound System
	Dolby Virtual Surr.
CP650 5.1 and 7.1
	Dolby Virtual Surr.
CP650 5.1 and 7.1
	Dolby Virtual Surr.
CP650 5.1

	Screen Size
	
	
	

	
	Width (m)
	11.7
	9.3
	8.8

	
	Height (m)

	6.3

	5.7

	4.9


	
	
	
	

	Sample size (n)
	72
	67
	86

	Sex
	42 M  27 F  
3 unreported

	47 M  39 F
  

	45 M  22 F
  




Note. 3DL = Larger 3D screen, 3DS = Smaller 3D screen





Table 3 Age profile of sample

	Age Group (years)
	18-19
	20-29
	30-39
	40-49
	50-59
	Unreported

	Frequency
	12
	96
	78
	30
	6
	3







Table 4 Means (M), Standard Deviations (SD), t-tests and Effect sizes for dependent variables

	
	
	
	
	
	

	
	M (SD)
	
	
	
	Effect Size

	Dependent Variable
	2D
	3D
	
	t (df)
	
	Cohen’s d
	rpbi2

	
	
	
	
	
	
	
	
	
	

	Perceived realism*
	2.73
	(1.25)
	3.01
	(1.16)
	
	-1.71 (219)*
	
	-.23
	-.11

	Attention *
	5.06
	(1.04)
	5.28
	(.793)
	
	1.73 (145.77)*
	
	.238
	.118

	Emotional arousal
	5.53
	(2.30)
	5.64
	(1.99)
	
	-.332 (201)
	
	-.05
	-0.02

	Satisfaction
	4.39
	(1.36)
	4.62
	(1.10)
	
	-1.33 (221)
	
	-.19
	-.09

	
	
	
	
	
	
	
	
	
	


Note. *Group differences are significant at p< 0.05. Perceived Realism mean scores range from 1 to 5. Possible Attention and Satisfaction scores range from 1 to 6. Possible Emotional Arousal scores range from 0 to 9. In all cases higher scores are indicative of higher levels of the construct.


