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The purpose of this study was to find out if 3D stereoscopic presentation of information in a
movie format changes a viewer's experience of the movie content. Four possible pathways
from 3D presentation to memory and learning were considered: a direct connection based
on cognitive neuroscience research; a connection through "immersion" in that 3D presenta-
tions could provide additional sensorial cues (e.g., depth cues) that lead to a higher sense of
being surrounded by the stimulus; a connection through general interest such that 3D
presentation increases a viewer’s interest that leads to greater attention paid to the stimulus
(e.g., "involvement"); and a connection through discomfort, with the 3D goggles causing
discomfort that interferes with involvement and thus with memory. The memories of 396
participants who viewed two-dimensional (2D) or 3D movies at movie theaters in Southern
California were tested. Within three days of viewing a movie, participants filled out an
online anonymous questionnaire that queried them about their movie content memories,
subjective movie-going experiences (including emotional reactions and "presence™) and
demographic backgrounds. The responses to the questionnaire were subjected to path anal-
yses in which several different links between 3D presentation to memory (and other varia-
bles) were explored. The results showed there were no effects of 3D presentation, either di-
rectly or indirectly, upon memory. However, the largest effects of 3D presentation were on
emotions and immersion, with 3D presentation leading to reduced positive emotions, in-
creased negative emotions and lowered immersion, compared to 2D presentations.
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Pathways for Learning from 3D Technology

Three-dimensional (3D) stereoscopic presentation involves controlling the images that are
presented to the eyes in order to provide two different visual images to the brain simultaneously.
With specially configured glasses, one image is presented to the left eye and a different image is
presented to the right eye. The images are of the same object or scene, but with slightly different
views; the difference in viewing angle between the two views is referred to as “binocular
disparity.” A common type of special glasses that produces this effect uses colored filters to se-
lect a red image for one eye and a blue image for the second eye (anaglyph presentation).
Another type of glasses, often used in contemporary 3D theatrical presentations, uses polarized
lenses to direct the different images to the eyes. Typically, two projectors are used to provide two
different screen images with different polarizations.
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The slightly differing images are processed in the brain starting in the occipital lobe. van
Strien, Scholte and Witter (2008) found that stereoscopic images also were processed in the me-
dial temporal lobe, which has connections to declarative memory functions including memory
formation (Eichenbaum, 2000; Fernandez, Effern, Grunwald, Pezer, Lehnertz, Dimpelmann, Van
Roost & Elger, 1999; Suzuki & Amaral, 2004). The images are eventually fused to form a com-
posite perception in depth of the object or scene. Three-dimensional stereoscopic presentation is
distinct from 3D "perspective," which is another form of representing depth in images. While 3D
perspective is an alternative method of representing spatial relationships, this type of "3D"
presentation is actually presented in two dimensions, requires more inferences to derive depth
information about a visual scene than stereoscopic presentation, and is generally agreed to be less
effective in conveying spatial relationships and depth information (Frisby, 1980; Hubel, 1988;
Perry, Kuehn, & Langlois, 2007).

3D images have been used in education, mainly in medical school or in biology courses.
There are several recent studies on the use and evaluation of the effects of these types of 3D
images upon learning in the United Kingdom and the United States (Henn, Lemole, Ferreira,
Gonzalez, Schornak, Preul, & Spetzler, 2002; Hilbelink, 2009; Huk, 2006; Perry 2007; Petersson,
Sinkvist, Wang, & Smedby, 2009). The use of 3D images in human biology education mostly
rests on the key role of spatial relations between body parts and body regions in understanding. In
other words, the type of knowledge that is required for a deep understanding of human anatomy
is based on knowing the relationships among anatomical regions in three-dimensional space. The
connection between the type of knowledge required in human anatomy learning (e.g., spatial
information) and the type of information conveyed in a 3D image (spatial information) provides a
straightforward theoretical basis for predicting the effectiveness of 3D presentation in this realm
of education. Presenting target material in 3D rather than 2D should improve the acquisition of
spatial knowledge, although empirical tests of this assertion have been mixed (Henn et al., 2002;
Hilbelink, 2009; Huk, 2006; Perry et al., 2007; Petersson et al., 2009; Price & Lee, 2010)

There is a further possible theoretical connection between 3D presentation of target mate-
rial and learning. This connection emanates from the literature on complex online learning envi-
ronments and suggests 3D presentation of material (especially in video format) can increase a
learner's interest in a topic and motivation to understand the topic. In other words, seeing target
material in a moving, in-depth, realistic format can make learning more fun and therefore more
effective (Dalgarno & Lee, 2010). The first stereoscopic presentation of a movie was in the Pi
Sufer laboratory in 1914; a stereoscopic movie was presented to an audience there as early as
winter 1922 (Pi Sufier, 1947; Smith, 1953; Southall, 1925). After the first 3D movie presentation,
there was a brief surge of theatrical films in the United States shown in three dimensions during
the 1940s and 1950s; a resurgence of interest in 3D movie presentations has occurred in recent
years. The widespread viewing of 3D stereoscopic movies in U.S. theaters allowed for the
present empirical investigation of the effects of 3D (versus 2D) presentation of information upon
viewers' psychological processes. Despite the improvements in 3D viewing, there are still negati-
ve ramifications of 3D viewing such that prolonged viewing may cause nausea, motion sickness,
headaches or other discomforts (Engber, 2009; "For Some," 2010; Sangani, 2009; Schwartz,
2010).

To place watching 3D movies in the context of interaction between technology and users,
an immersion-involvement-presence framework was applied. Basically, human users may expe-
rience a sense of "being there™ when exposed to a computer-generated or virtual environment
(Ivory & Kalyanaraman, 2007; Witmer, Jerome, & Singer, 2005; Witmer & Singer, 1998). This
sense of being there is known as "presence." Presence is multifaceted and many measures of pre-
sence have been proposed. For the purposes of the present study, presence was characterized as
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being influenced directly by the amount of attention paid to the medium ("involvement™) and by
the sense of being surrounded by the medium ("immersion™). Based on prior research, it was
conceptualized that a user's involvement with a medium (in this case, a viewer's involvement in
the 3D movie), and a user's immersion in an environment (a viewer's sense of being surrounded
by a 3D film) would be directly related to presence (Ivory & Kalyanaraman, 2007; Singer &
Witmer, 1999; Slater, 1999; Witmer, Jerome, & Singer, 2005). A variety of outcomes might be
associated with high levels of presence, including cognitive benefits (e.g., improved memory),
physiological responses (e.g., heart rate changes) and emotional responses (e.g, heightened
reactions) (lvory & Kalyanaraman, 2007; Meehan, Razzaque, Insko, Whitton, & Brooks, Jr.,
2005). In summary, the following research questions were asked: Does 3D stereoscopic
presentation alter memory for a film’s contents? And, if so, how does 3D presentation function to
alter memory? Several different connections between 3D stereoscopic presentation of target ma-
terial and the ensuing memories of the material are possible (Figure 1). One connection is direct,
such that the processing of 3D stereoscopic images might activate regions of the brain associated
with memory formation. Another possible path from 3D presentation to learning could be
mediated by immersion, such that the additional depth cues provided by 3D stereoscopy
contribute to high levels of feeling surrounded by the medium’s content. A third possible path is
through general motivation, whereby 3D presentation could increase a viewer’s interest in or
liking of the content material, thus leading to higher levels of involvement (e.g., greater attention
paid to the stimulus) and therefore higher levels of memory. Finally, a fourth path, this one
having a detrimental effect on memory, could exist wherein the 3D goggles lead to discomfort
that leads to reduced attention paid to the stimulus (e.g., lowered involvement) and therefore
reduced movie memory content.

Interest

Involvement
Discomfort

Figure 1. Four possible pathways from 3D presentations to memory.

Based on the literature previously cited, the four possible paths from 3D stereoscopic
presentation to altered memory were explored using path analysis. Additionally, other related
outcome variables were explored in order to understand the user's experience of viewing a 3D
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film. The additional outcome variables were presence and emotions during the film viewing. A
sample of recent moviegoers in the United States completed an online questionnaire about their
movie-going experience. The questionnaire was administered within three days of having seen
the movie and contained items that measured movie memory, presence levels, immersion levels,
involvement levels, and positive and negative emotions.

Methods

Participants

Participants were 426 friends, family members and associates of students in an undergraduate
general education course at a Southern California state university. The participants were recent
moviegoers who had seen one of a small set of targeted theatrical films. These movies were se-
lected because they were being shown at theaters during the time the survey was conducted.
Participants were allowed to see a movie in either 3D or 2D format. Through word-of-mouth,
participants received a link to an online questionnaire and a snowball method was used for others
to be invited to take the questionnaire. All participants were adults (18 years old or older).
Demographics mirrored the demographics of the Los Angeles area, yielding a diverse sample:
Asians (mostly of Chinese, Korean or Japanese descent) (14%), African-American (mostly of
African or Caribbean descent) (18%), Caucasians (mostly of European descent) (22%), and
Hispanics (mostly descended from Central America, South America or Mexico) (46%). The
average estimated yearly income was US $41,254 (SD = $15,621) and the average age was 26.6
years old (SD = 8.1). The gender distribution was fairly even: 56% were females 44% were ma-
les.

Procedure

Institutional Review Board approval was obtained before the study was performed. Participants
had to answer the survey questions within three days of having seen a movie to keep their movie-
going experiences fresh in their memories. The online questionnaire took less than an hour to
complete and was anonymous and voluntary. The survey was conducted through the online web-
site. SurveyMonkey.com. Informed consent was provided at the start of the survey and
participants could stop answering questions at any time. The 100-item questionnaire included
several scales measuring memory, emotion, and presence, along with questions measuring the
conditions under which participants viewed the movie. It also included a section assessing the
participant’s demographic background. All questions required answers or the participant was not
able to continue to the next survey page.

Materials

Movies. The movies selected for the study were all being shown in movie theaters in the Sou-
thern California region during the months of November and December 2010. The films, all full-
length feature films, were shown in both 2D and 3D and included “Alpha and Omega,” “The
Chronicles of Narnia: The Voyage of the Dawn Treader,” “Megamind,” “Saw 3D: The Final
Chapter,” “Tangled,” and “TRON: Legacy.” Three of the movies were animated. The films
represented a variety of genres including adventure, comedy and science fiction. Detailed
descriptions of the films are presented in Table 1.
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Table 1. Descriptions of the Films used in the Study

Movie Movie Genre and Length Movie Summary

Alphaand Omega  Animation, Adventure, Come- Two young wolves at opposite ends of their
dy (88 minutes) pack's social order are thrown together into a
foreign land and need each other to return
home, but love complicates everything.

The Chronicles of  Adventure, Family, Fantasy Lucy and Edmund Pevensie return to Narnia
Narnia: The (113 minutes) with their cousin Eustace where they meet up
Voyage of the with Prince Caspian for a trip across the sea
Dawn Treader aboard the royal ship The Dawn Treader.

Along the way they encounter dragons,
dwarves, merfolk, and a band of lost warriors
before reaching the edge of the world.
Megamind Animation, Action, Comedy The supervillain Megamind finally conquers
(95 minutes) his nemesis, the hero Metro Man-but finds
his life pointless without a hero to fight.
Saw 3D: The Final ~ Crime, Horror, Mystery (90 As a deadly battle rages over Jigsaw's brutal
Chapter minutes) legacy, a group of Jigsaw survivors gathers to
seek the support of self-help guru and fellow
survivor Bobby Dagen, a man whose own
dark secrets unleash a new wave of terror.
Tangled Animation, Comedy, Family The magically long-haired Rapunzel has
(100 minutes) spent her entire life in a tower, but now that a
runaway thief has stumbled upon her, she is
about to discover the world for the first time,
and who she really is.
TRON: Legacy Action, Adventure, Science The son of a virtual world designer goes
Fiction (125 minutes) looking for his father and ends up inside the
digital world that his father designed. He
meets his father's creation turned bad and a
unique ally who was born inside the digital
domain of The Grid.

Memory scale. Participants were asked, “Do you have any permanent memory loss?”
“Have you experienced any temporary memory loss?” and “Are you taking any medications that
can affect your memory?” This part of the survey was related to their movie memory recall and
was used to exclude participants. Participants who answered "yes" to any of the items were
excluded from the analyses (n = 17 [4% of the sample]). The movie memory section had five
questions relevant to the viewed movie in a multiple-choice format. A typical memory question
would be a multiple-choice question (e.g., “  is Sam’s father” from “TRON: Legacy”) that had
the correct answer and three incorrect answers listed as options for the viewer to choose from.
Not surprisingly, participants remembered the movies' contents well. Across all participants and
all films, the mean memory score was 4.6 items correct out of 5 (92%). Because the test scores
were high, the memory scores were dichotomized into two categories: those with a perfect score
and those with a less-than-perfect score. One hundred and thirty-four participants (34%) made
one or more errors on the memory test.
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Conditions of viewing. Participants were asked what day and time they saw the movie.
They also were asked if they saw the movie in 2D, 3D, or IMAX 3D (a large-scale format). Other
items included questions about how much the movie ticket cost, if the participant wore corrective
lenses, and how much money the participant spent on snacks. The survey also asked participants
how many other people they were with while watching the movie, and asked them to rate the
quality of the movie on a scale of 1-10, with 1 being “very poor” and 10 being “very good.”

Attitude toward 3D films. Two items were included in the questionnaire to measure
participants’ attitudes toward viewing 3D movies. The items were “More movies should be in
3D” and “All kinds of movies should be shown in 3D.” Both items were measured on a 5-point
Likert-type scale and, since the two items were highly correlated (r = .76), the mean of the res-
ponses was calculated as the measure of attitude toward 3D movies.

Presence. Thirty-five items measured participants’ feelings of “being there” in their
movie experience. Twenty-four items were based on Witmer and Singer’s (1998) presence scale.
The original scale was designed for use in virtual environments; therefore, the authors adapted
the items to be relevant to 2D and 3D movies. To make the new items, the original items were
reworded to place them in the context of viewing a theatrical film. The full set of items was
subjected to a factor analysis with a VVarimax rotation. Factors with an eigenvalue greater than or
equal to 1 were considered for inclusion in the analyses. Further, only items that had factor
loadings of .4 or higher were considered for use in a factor. Items that loaded on more than one
factor were discarded, as was one item that appeared to have been interpreted incorrectly by the
participants.

Factor 1: Presence. Six items were derived from the first factor to define presence: "I
was responsive to actions in the movie," "My physical response to the movie was natural,” "All
of my senses were engaged,” "The visual aspects of the movie involved me," "The sound aspects
of the movie involved me," and "My sense of objects moving in the movie was compelling." The
inter-item reliability was .82 (Cronbach's alpha) and therefore the subset of items was considered
acceptable for use as a measure of presence.

Factor 2: Immersion. The second factor, immersion, consisted of the following items: "I
was able to actively survey or search for small details/background during the movie using my
vision," "I could easily identify sounds in the movie," "'l could easily recognize any of the sounds
in the movie as real-life sounds,” "I could easily localize sounds in the movie theater,” "I could
easily recognize a change in tone or pitch of a sound or the area where a sound came from," and
"l was able to closely examine objects in the film." The inter-item reliability of this subset of
items was .76 (Cronbach's alpha) and therefore the subset of items was considered acceptable for
use as a measure of immersion.

Factor 3: Movie interest. The third factor measured interest in the movie and included
the following items: "I felt stimulated, awake and excited during the movie," "I enjoyed the
movie," and "The film's special effects enhanced by viewing." The inter-item reliability of this
subset of items was .73 and therefore the subscale was considered acceptable for use.

Factor 4: Involvement. The fourth factor measured involvement and included the
following items: “T was distracted during the movie (e.g. getting up to get a snack),” “T was able
to carry on a conversation during the movie,” “The movie captured my full attention,” and “I
responded as quickly to the movie as did the rest of the audience.” The first two items were re-
verse scored. The inter-item reliability of this subset of items was .66. This value is below the
recommended reliability value for acceptable use (George & Mallery, 2003). Because attempts to
increase the reliability of the scale by removing individual items did not succeed, the factor was
used with the caveat that the relatively weak involvement scale would potentially be a limitation
of the study.
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Emotions. Participants were asked to check the emotions they felt while watching the
movie using an emotions checklist containing 60 words and phrases. The items were taken from
the Positive and Negative Affect Schedule--Expanded Form (PANAS-X) (Watson & Clark,
1994). The emotions were split into two types: positive and negative emotions. The positive emo-
tions were: active, alert, amazed, at ease, attentive, bold, calm, cheerful, concentrating, confident,
daring, delighted, determined, energetic, enthusiastic, excited, fearless, happy, inspired,
interested, joyful, lively, proud, relaxed, and strong. The negative emotions included afraid, alo-
ne, angry, angry at self, ashamed, astonished, bashful, blameworthy, blue, disgusted, dissatisfied
with self, distressed, downhearted, drowsy, frightened, guilty, irritable, jittery, loathing, lonely,
nervous, sad, scornful, shaky, sheepish, shy, sleepy, sluggish, surprised, timid, tired, and upset.
The emotion items were presented in a scrambled order; the same scrambled order was used for
all participants. For the analyses, two variables were computed: the number of negative emotions
experienced and the number of positive emotions experienced.

Discomfort. A nine-item checklist of discomfort items was included in the questionnaire.
The items included disturbing images, dizziness, eye strain, headache, motion sickness, nausea,
neck strain, restlessness and trouble with vision. Participants could check as many items as they
felt had been experienced during the movie. Only three of the items were retained in the analy-
sis—eye strain, neck strain and restlessness—as none of the other items had more than 10% of
the participants choose them. Eighty-seven participants (22%) chose eye strain, 45 participants
(11%) chose neck strain, and 40 participants (10%) chose restlessness. These items were
combined into a count of symptoms (ranging from 0 to 3) as a measure of discomfort.

Demographics. Finally, participants were asked their birth years, ethnicities, genders and
employment statuses. The survey also asked for the participant’s zoning improvement plan (ZIP)
code. The ZIP code is used in the United States to code specific geographical regions for use by
the postal service and was used in the present study to link participants to United States Census
Bureau data on median household incomes to determine their socio-economic status (U.S. Census
Bureau, 2006).

Results

All analyses were performed after first removing participants with memory problems and
participants who represented outliers on the age variable (e.g., respondents with ages greater than
3 standard deviations from the mean) (n = 15 [3 %]). Thus, the final sample size included 396
respondents.

Descriptive Statistics

Two hundred and nine participants (53%) viewed movies in 2D, while 187 participants (47%)
viewed movies in 3D. The numbers of participants viewing each of the movies was as follows:
“Alpha and Omega," (n = 7; 2%), “The Chronicles of Narnia: The Voyage of the Dawn Treader,"
(n = 45; 11%), “Megamind,"” (n = 137; 35%), “Saw 3D: The Final Chapter," (n = 24; 6%),
“Tangled," (n = 167; 42%), and “TRON: Legacy" (n = 16; 4%). The mean score on the scale that
measured attitude toward 3D movies was 2.75 (SD = 1.09) (out of 5) while the mean value on the
movie interest scale was 3.97 (SD = .69) (out of 5). Immersion and involvement scores could
range from a score of 1 to 5. The mean immersion score was 3.53 (SD = .57) and the mean
involvement score was 3.80 (SD = .64).
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The mean presence score was 3.66 (SD = .59) on a scale from 1 to 5. The mean number
of positive emotions was 7.03 (SD = 4.66) and the mean number of negative emotions was 1.71
(SD = 2.57).

Path Analyses

Path analyses were conducted to determine the effects of 3D presentation upon memory, presence
and emotions. The analyses were structured around the theoretical model described in the intro-
duction with basic input variables (age and movie content) being used as covariates. Separate
analyses were performed on the dependent variables of presence, memory, number of positive
emotions and number of negative emotions. The following variables were included in the
analyses as input variables: 2D versus 3D, movie seen and age. Also included in the first stage of
the path analyses was attitude toward 3D films. For the path analyses, several categorical variab-
les were dummy-coded for use in the multiple regression equations. These variables included
memory scores (perfect versus non-perfect), movie content (i.e., the movie seen), and 2D versus
3D.

Memory. The various paths for 3D presentation to affect memory are described in Figure
1. The results of the path analysis will be described below for each of those paths separately. In
addition to the paths of interest in that figure, several other variables were included in the analy-
sis. First, attitude toward 3D movies was viewed as influencing movie interest, as well as
involvement. Second, movie content was viewed has having a direct effect on the dependent va-
riable, as was age. The beta weights representing the strengths of the relationships between the
variables in the model are shown in Figure 2.

Direct effect of 3D presentation upon memory. There was not a significant direct effect
of 3D presentation upon memory (R = -.02, p = .64).

Indirect effect of 3D presentation through immersion. The effect of 3D presentation upon
immersion was small and not significant (B = -.06, p = .26). The effect of immersion upon memo-
ry also was small and not significant (8 = .06, p = .25). Thus, the indirect effect of 3D
presentation upon memory through immersion was very weak.

Indirect effect of 3D presentation through interest and involvement. The effect of 3D
presentation upon interest was small (B = .02, p = .68). However, the effect of interest upon
involvement was relatively large (B = .48, p < .001). The effect of involvement upon memory
was very small (8 = .08, p = .14). Thus, the indirect effect of 3D presentation upon memory
through interest and involvement was essentially non-existent.

Indirect effect of 3D presentation through discomfort and involvement. 3D presentation
did not significantly predict discomfort (8 = .01, p = .77), but discomfort was a significant nega-
tive predictor of involvement (8 = -.13, p < .01). Thus, the total indirect effect of 3D presentation
upon memory is very small. Combined with the direct effect of 3D presentation upon memory,
the total effect of 3D presentation upon memory also was very small.

Other effects in the model. There were several significant effects in the path analysis that
did not bear directly upon the question of how 3D presentation affects memory. First, movie con-
tent had a significant effect upon memory, with two of the movies ("Saw" and "Tangled")
resulting in significantly worse memory performance. Second, participants' attitudes toward 3D
movies significantly and positively affected their interest in the movie. Third, high interest levels
were associated with high levels of involvement. The beta weights for these effects are shown in
Figure 2.

Presence. The beta weights representing the strengths of the relationships between the
variables in the model are shown in Figure 3.
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Direct effect of 3D presentation upon presence. There was not a significant direct effect
of 3D presentation upon presence (8 = -.03, p = .54).

Content

Age

“Tangled”

Interest

Figure 2. Path analysis of effects of 3D presentation on memory.
* <05, ** < .01, *** < .005, *** < .0001.

Indirect effect of 3D presentation through immersion. Immersion significantly predicted
presence (3 = .36, p < .001); however, as mentioned above, 3D presentation did not significantly
impact immersion. The value of the path from 3D presentation through immersion to presence is
a very small, almost nonexistent effect.

Indirect effect of 3D presentation through interest and involvement. Involvement
significantly predicted presence (R = .32, p < .001); however, as mentioned above, 3D
presentation did not significantly impact interest. The value of the path from 3D presentation
through interest to involvement to presence is very weak.

Indirect effect of 3D presentation through discomfort and involvement. The path value
from 3D presentation to presence through discomfort is .01 * -.13 * .32 = .00. The total indirect
effect of 3D presentation upon presence is -.02. Combined with the direct effect of 3D
presentation upon memory, the total effect of 3D presentation upon presence was very small.

Other effects in the model. Age was a significant, positive predictor of presence. Both
immersion and involvement were positively associated with presence. In other words, film vie-
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wers who experienced relatively high levels of immersion or involvement also experienced
relatively high levels of presence. The beta weights for these effects are shown in Figure 3.

Emotions. The various paths for 3D presentation to affect emotions were modeled after
the paths in Figure 1. In addition to the paths in that figure, additional paths were conceptualized
as reasonable effects to expect. A direct link from discomfort to emotions was postulated, as
it is logical that discomfort levels would also lead to a change in emotions. Also, a direct
link from discomfort to emotions was postulated, as it is logical that discomfort would lead to a
change in emotions, as well. These additional links are portrayed in Figures 4 and 5 and are
tested below.

Age

.09*

Presence

Interest

Figure 3. Path analysis of effects of 3D presentation upon presence.
* <05, ** < .01, *** < .005, *** < ,0001.

Direct effect of 3D presentation upon emotions. There was neither a significant direct
effect of 3D presentation upon positive emotions (R = -.05, p = .25) nor a significant direct effect
of 3D presentation upon negative emotions (8 = .07, p =.20).

Indirect effect of 3D presentation through immersion. Immersion did not significantly
predict positive emotions (R = .01, p = .78) nor did it significantly affect negative emotions (8 =
.03, p =.60).

Indirect effect of 3D presentation through interest. For positive emotions, there was a
significant positive direct effect of interest (B = .35, p < .001) and a significant direct effect of



Learning from 3D Technology 63

involvement (1 = .15, p <.01). For negative emotions, there was neither a significant direct effect
of interest (B = .06, p = .30) nor a significant direct effect of involvement (8 = -.01, p = .92).

Indirect effect of 3D presentation through discomfort. Discomfort (B = .03, p = .47) did
not significantly impact positive emotions directly. Involvement was found to have a significant
direct effect upon positive emotions (1 = .15, p <.01).

Discomfort (8 = .08, p = .10) did not significantly impact negative emotions directly.
Involvement was not found to have a significant direct effect upon negative emotions (3 = -.01, p
=.92).

Age

.08

Figure 4. Path analysis of effects of 3D presentation upon positive emotions. * < .05, **
<.01, *** < .,005, *** < .0001.

Other effects in the model. For negative emotions only, the content of the movies had a
significant effect upon scores. In particular, participants who viewed the movie "Saw" reported
more negative emotions than other participants (B = .31, p < .001).
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Discussion

The purpose of this study was to find out if 3D stereoscopic presentation of information in a
movie format changes a viewer's experience of the movie content. In the present study, an online
guestionnaire was administered to a large sample of individuals who had very recently seen 2D
or 3D presentations of a small set of theatrical films. Participants in the study were required to
have seen one of the target films no more than three days prior to completing the questionnaire. It
was assumed, based on prior literature, that the effect of film presentation format could follow
four different paths. The first path was a direct effect upon memory. The second path was an
indirect effect through "immersion™ (the sense of being surrounded by the medium). The third

Content

Age

J FEEE
.04

Figure 5. Path analysis of effects of 3D presentation upon negative emotions. * < .05, **
<.01, *** <.005, *** < .0001.

path was an indirect effect through interest and "involvement" (the attention paid to the stimulus).
The fourth path was an indirect effect through discomfort. However, the results did not find that
film presentation format made a meaningful contribution to any of the paths investigated.
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More specifically, path analysis was used to find the relationships between the movie-
viewing format (2D versus 3D) and movie content memory. The path analysis was structured on
a model of user experience at the theater and included the four possible paths from 3D
presentation to the outcome variable. The direct effect of 3D presentation was largest upon im-
mersion, with the results showing a non-significant negative relationship between 3D
presentation and immersion (8 = -.06; p = .26). In other words, viewing a film in a 3D format
decreased the viewer's immersion levels very slightly. However, the impact of immersion upon
memory was small (8 = .06; p = .25). So, although 3D presentation decreased a viewer's immer-
sion, it did not appear to result in a significant change in movie memory. In terms of path values,
the direct path from 3D presentation to memory was the largest of all, with a path value of -.02.
This shows a non-significant, very small negative effect of 3D presentation upon memory. The
other possible effects of 3D presentation upon movie memory were calculated to be even smaller,
with path values all less than .10.

In contrast to the non-significant effects of 3D versus 2D presentation upon memory,
there were significant effects of other factors upon involvement and memory. Movie memory
was affected by the choice of movie, with two movies ("Saw" and "Tangled") being harder to
remember than the others. Also, a viewer's attitude toward 3D movies was positively associated
with interest in the movie and interest in the movie was positively associated with involvement.
Therefore, having a positive attitude toward seeing 3D films led to relatively high levels of inter-
est in the movie which in turn led to relatively high involvement levels. Finally, discomfort while
watching the movie was negatively associated with involvement level.

The results of the path analyses performed on the other dependent variables were
interesting. Presence levels were affected both by immersion levels and by involvement levels,
supporting the general immersion-involvement-presence framework employed in the model. Age
also was a significant predictor of presence so that relatively old individuals experienced
relatively high levels of presence in both 2D and 3D presentations. As with memory, the largest
path value of the paths from 3D presentation to presence was the direct path from 3D
presentation, with a path value of -.03. 3D presentation did not have significant effects on the
number of positive or negative emotions experienced, but the path values from 3D presentation to
emotions, either directly or through immersion, were larger for the emotional outcomes than for
memory and presence. For the number of positive emotions, the path value of the direct effect of
3D presentation was -.05 and the path value of the effect upon immersion was -.06. For the num-
ber of negative emotions, the path value of the direct effect of 3D presentation was .07. It appears
that 3D presentation decreased the number of positive emotions and increased the number of
negative emotions, although these effects were neither large nor statistically significant. In terms
of other effects upon emotions, involvement and interest (both directly and through involvement)
increased the number of positive emotions (Figure 4). Finally, a similar pattern was found for the
number of negative emotions, with no meaningful effects (either directly or indirectly) of 3D
presentation. Only movie content, in this case the movie "Saw," had an effect on the number of
negative emotions. The increase in negative emotions is not surprising given that "Saw" is the
only horror film that was examined in the study.

Limitations

The study found no significant mnemonic, emotion-related or presence-related benefits of
viewing a 3D version of a theatrical film compared to a 2D version of the same film. However, it
must be noted that the inter-item reliability of the involvement measure was just below the level
deemed acceptable and is suspect. Further, the present results do not rule out the possibility that
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there could be beneficial effects of 3D imagery in films upon learning and memory under the
right circumstances. The present study took place in the context of entertainment; hence, viewers
might not have been engaged in the kinds of mental processing that would normally occur in a
learning environment. A controlled environment might be required to manipulate viewers to
intentionally memorize movie content and to measure real-time responses to the film types. Fur-
ther, the test of movie content memory did not specifically focus on scenes or images that were
presented using 3D stereoscopic effects and it is possible that those particular scenes and images
do benefit from a mnemonic boost due to 3D presentation.

In conclusion, the present results suggest that one cannot count on a meaningful positive
impact of viewing 3D movies compared to 2D versions of the same movies upon memory and
learning. In fact, the largest—albeit small—effects of 3D presentation observed in the present
study were a decrease in positive emotions, an increase in negative emotions and a decrease in
immersion level. Of course, there still might be mnemonic benefits of 3D presentation formats
with respect to learning facts involving spatial relationships. These were not studied in the present
research.
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3D teknolojiden 6grenmek i¢in yollar

Bu ¢aligmanin amact bir film formatinda bilginin 3D stereoskopik sunumunun izleyenin
film icerigine yonelik tecriibesini etkileyip etkilemedigini ortaya ¢ikarmaktir. 3D sunumdan
hafiza ve 6grenmeye dort yol diisiiniildii: biligsel norobilim aragtirmalarma dayanan bir
dogrudan baglantt; bir gdmilu baglant1 ki 3D sunumlar arti duyusal ipuglart saglayabilir
(6rnegin, “derin ipuclar1”) ki bunlar uyart: tarafindan sarilmis daha yiiksek duyumlara ne-
den olabilir; genel ilgi aracilig1 ile bir baglant1 ki bu 3D sunumu bir izleyenin ilgisini daha
fazla uyarana yoneltmesine neden olabilir (6rnegin, “katilim”); bir sikint1 aracilifi ile bir
baglant1 ki 3D sasiligi katilima ve hafizaya engel olur. Guney Kaliforniya’da film tiyatro-
sunda iki boyutlu ve t¢ boyutlu filmleri izleyen (¢ yiiz doksan alti katilimcinin hafizalar
test edildi. Bir filmi seyrettikten sonraki (¢ giin icerisinde katilimcilar; film igerigine yone-
lik hafizalar1, duygusal reaksiyonlar1 ve varlik durumlarini iceren 6znel film tecrubeleri ve
demografik temellerini ortaya koyan bir anket doldurdular. Anket cevaplar1 3D sunumlarin
hafizaya ve diger degiskenlere arastirildig: farkli baglantilar1 olan pat (yol) analizine tabi tu-
tuldu. Sonuglar, dogrudan ya da dolayh olarak 3D sunumunun hafiza {izerinde hi¢ bir etki-
sini ortaya koymadi. Fakat 3D sunumunun en biiyiik etkileri duygular ve gémulim igin or-
taya ¢ikt1 ki burada 2D sunumlarla karsilastirildiginda 3D sunumlar daha diisiik olumlu his-
lere yol agarken olumsuz hisleri arttirdi.

Anahtar kavramlar: 6grenme, 3D filmler, varlik, steroskopi, hafiza, hisler,
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