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Abstract
This study analyzes the influence of the audio spatial dimension on the listener’s cognitive
processing. Participants listened to different audio stories with four sound verbal and
nonverbal resources (dialogue; dialogue and sound effects; dialogue and sound filters;
dialogue and sound shots) representing the space and perspective of the scene. They rated the
stories concerning imagery, transportation, attention, and performed a cued recall test. The
results showed that the audio stories with nonverbal sound resources achieved higher imagery
and transportation levels than stories with verbal information. The stories with nonverbal
resources, except sound effects, obtained the highest levels of attention and recall. These

results reveal the crucial role of the spatial dimension in audio processing.
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Thanks to the possibilities that digital technology offers, we are in a period of boom
in audio fiction formats. Listening through smartphones and headphones has contributed
significantly to the development of podcasting and audio fiction series (Bull, 2005). The last
survey about podcast consumption reveals podcast listeners spend 5 hours and 39 minutes per
day (on average) listening to audio (Edison Research, 2019). Another recent study by BBC
Story Works demonstrates the persuasive power of branded podcasts. Podcasts have a vast
and growing audience, but also audiobooks. Half of the US population has listened to an
audiobook, according to Edison Research (2019). With podcasts and audiobooks, in homes,
the use of smart speakers has become more usual. A recent survey shows that one-quarter of
North American adults have a smart speaker in their home (Pew Research Center, 2019).
This resurgence of audio formats opens the possibilities to produce more extensive narratives
in the transmedia universe (Dann, 2014). Hence, now it is an excellent moment to study how
some audio production resources can improve the listeners' cognitive processing.

Literature about visual processing and media is vast, but there are few studies about
audio (auditory system, processing, or audio in media), and even less about the role of the
spatial dimension in audio production. This research defines the spatial dimension as the
sound references that identify the space or location in an audio story. But why is this spatial
dimension so important in audio processing? Imagine a woman who walks down the street,
climbs stairs, and enters an ample indoor space with high ceilings. A man is waiting for her
and starts a conversation from the center of the room. When we listen to this scene, our
auditory system scans for two types of information: what the sound is -recognition- (who is
talking and what the objects in the scene are), but also where the characters and objects are
placed -space- and where they came from in the space -localization-. In the previous
example, the spatial dimension should be indicated, apart from verbal information, using a

reverberation (large room), sound effects (steps, doors, etc.), and sound shots (distances
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between the two characters). If spatial information is a crucial feature in human perception,
this information should also be indicated in a fiction audio story to process sound as it would
occur in a real situation.

At least theoretically, we can deduce that this spatial information is critical to placing
the listener inside the scene and stimulating mental images about this specific place.
However, this spatial information identified by nonverbal features such as sound effects,
filters or reverberations, or distances usually is not taken into account in audio production.
Rodero (2009) found that only 30 percent of award-winning audio stories used nonverbal
sound resources to identify the location. Therefore, the goal of this study is to analyze the
influence of the spatial dimension in the listener’s cognitive processing by studying whether
resources such as sound filters, sound effects, and sound shots, added to the verbal
information, may stimulate imagery, induce transportation, and improve the levels of self-
perception attention and recall on the part of the listener. The conclusions of this research can
help advance in the study of audio processing in media and improve the sound design in
media contents.

Auditory Spatial Dimension and Processing

In an audio story, the use of nonverbal sound resources, as sound effects, sound shots
or filters, may improve the listeners’ cognitive processing for two main reasons. The first one
is that a stimulus that combines verbal and nonverbal resources can be dually coded in
memory. The second one is that nonverbal resources add spatial references, which may be
relevant information for processing stories.

The first idea is based on a dual-processing paradigm. The dual-coding theory (DCT)
posits that information is stored in memory in a dual way —visual imagery and verbal
associations (Paivio, 1991; Sadoski & Paivio, 2004). The stimulus can be encoded and stored

in memory in two separate codes, one devoted to nonlinguistic objects and events (non-verbal
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code) and another for language processing (verbal code). First, the visual or imagery system
is formed by objects and images spatially organized and represented as mental images.
Secondly, the verbal system represents the structural and functional properties of the
language (Paivio, 1991). In line with the dual-stream auditory processing models
(Rauschecker & Scott, 2009), different brain parts are activated when verbal and nonverbal
auditory information is processed in parallel (Herrmann et al., 2011).

The second idea is based on the relevance of spatial information for processing
messages. According to the Baddeley and Hitch working memory model (Baddeley & Hitch,
1974; Baddeley et al., 2015), language is processed by a phonological loop, whereas a
visuospatial sketchpad processes visual information. The phonological loop is responsible for
the temporary storage of verbal and acoustic information (Baddeley et al., 1998; Baddeley,
2000). The visuospatial sketchpad is defined as a repository where visual and spatial
information is kept for short periods. Therefore, while the subject records the verbal material
through the phonological loop, the visuospatial agenda records and maintains the visual
image or mental representation of that object. The part relevant for our study is that the
visuospatial sketchpad is essential to process the appearance of objects and create mental
images of them (what), but also to locate the stimulus in space (where), and to identify the
spatial and geographical orientation (wherefrom). The visual part of the message can be
activated not only by images but also by sounds. Some authors have hypothesized that, in the
initial recognition of audio, visual or mental imagery is activated (Lewis et al., 2004). If we
listen to a dog barking, we will see the image of a dog in our minds, and depending on the
sound features, we can also imagine his size and place it in a location to a certain distance. In
narratives, the situation models determine that spatiality is one of the event indices to
comprehend the action of the story (Zwaan, Langston & Graesser, 1995). In addition, some

studies have shown that changes in the spatial dimension can modify information processing
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and memory of media stimuli (Meitz, Meyerhoff, & Huff, 2019). Therefore, all these theories
reveal the influence of the spatial dimension to process information (“where” and
“wherefrom” added to “what” data).

According to sound theory by Rodero (2005), the spatial dimension is the set of sound
references that identify the space or location of an audio story and the distances among
objects and characters. This spatial dimension is divided into two sub-dimensions — space
(where) and perspective (wherefrom). In this approach, the sound space is the physical place
or the action’s location (Forrester, 2012). Acoustically, space can be represented using
different sound resources.

First, space can be identified by the narrator or in the characters’ dialogue by
explicitly mentioning “where” the characters or objects are (i.e., “I am very happy to visit
Venice.”). Using this verbal resource is the easiest way to represent spaces but eliminates
dual processing, as it is only mentioned in the verbal part of the story. We will call this verbal
information as “verbal sound resource.” Secondly, music and sound effects can also describe
locations. One of the functions that music can play in audio production is to identify places.
For example, suppose we use a Mariachi song in an audio story. In that case, listeners can
infer that there is something related to Mexico in the plot: the story is set in Mexico, the
characters are there, or they are talking about this country. Sound effects are also powerful to
recognize places and sound objects. Sound elements can describe objects (i.e., the sound of
our keys) and spaces (i.e., the ocean's sound to identify the beach). Therefore, sound effects
can provide “what” and “where” information. The advantage of music and sound effects is
that we perceive an acoustic variation different from the verbal part. This contrast could
increase the listener’s attention and recall, thanks to the dual coding (Rodero, 2012). Third,
the concrete space is also identifiable by the echoes or reverberations produced by the sound

waves reflected on the surface of this location or by the absence of these elements when there
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are no physical obstacles. The existence of echoes or reverberations and the absence of them
places the listener in small or large, open or closed space. There are no echoes in an open
space, but we can find echoes and reverberations in closed places like a bathroom or a
cathedral. Like music and sound effects, these elements also have an acoustic differentiation
from the verbal part, but they have an important difference. In postproduction, reverberation
is added to the audio message. Therefore, it is not an independent sound, like music or sound
effects; reverberation is fused with the verbal message and the rest of the sounds.

Along with space, the sub-dimension of perspective indicates the distances among
sound objects or characters in the scene, the “wherefrom” information (Beck, 1998; Chion,
2016). If we place the characters or some sound objects in different slots in the scene, we will
create different distances among them. This information allows us to provide depth — or
perspective — (Chion, 2016). Rodero (2012) called these distances sound shots. The sound
shots (or different distances) locate each character and object in the scene. In this manner,
listeners can get information about where the sound comes from and establish the distance
and movement of these objects. The construction of this perspective depends on where we
locate the listening point (Beck, 1998; Rodero, 2009), the reference place from which all
other sound shots are formed from the foreground to the background. The characters and
objects next to the listening point (or the listener) will sound louder; those that are far away
will sound softer. As this space distribution simulates the structure of real space and normal
hearing, sound shots provide a greater sense of reality. Like filters, sound shots are not
independent sounds, but they are fused or melted with the verbal or the rest of the sound
features. Listeners can perceive that characters or objects are close or far away because they

sound louder or softer.
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We will call all these sound elements (effects, shots, and filters) as “nonverbal sound
resources” to differentiate them from the verbal resources (dialogue with the actors’ voices).

Figure 1 illustrates the spatial dimension composition that we will test in this study.

[Figure 1 here]

Spatial Dimension and Cognitive Processing

Spatial Dimension and Imagery

Imagery is defined as the mental images created in a person's mind evoked by a
stimulus. According to the dual-coding theory (DCT), the creation of mental images
facilitates recall of information thanks to the benefit of being dually coded in memory
(Paivio, 1991). Mental imagery is both visual and spatial. Mental images have spatial
characteristics that depend on the spatial nature of the information processed (Mellet et al.,
1996). Therefore, the different processing types derived from the kind of data (what and
where) have proven to be very relevant for mental imagery. However, the creation of mental
images can be derived not only from images but also from sounds. This potential of sound to
stimulate imagery is supported on an empirical basis, thanks to different studies (Bolls, 2002;
Bolls & Lang, 2003; Rodero, 2012). Goossens (1994) showed that high-imagery commercials
could activate both systems, producing more in-depth cognitive processing. Miller and Marks
(1997) compared three types of sound messages: a message with sound effects, a verbal
message with a high level of vividness, and a message with instructions to imagine. The
sound effects had the highest impact on imagery, while the verbal instructions had the lowest.
Other studies concluded that sound effects increased the capacity to create mental images
(Bolls, 2002). The sound effects directly activated perceptual structures in the memory that
contained information, and this information helped the subjects to create more vivid mental

images (DCT). Rodero (2012) analyzed how sound effects and sound shots could stimulate
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imagery and attention in audio fiction. This author used descriptive sound effects to represent
the objects in the scene (i.e., the sound of a car or a rooster singing). The results showed that
the stories with sound shots achieved the highest level of imagery, over sound effects and
stories with verbal information. According to this study, sound shots achieved the best
imagery and attention levels, thanks to the sense of reality through which to better imagine
the story. In the second place, sound effects improved the stories' cognitive processing,
thanks to the degree of novelty introduced by them in contrast to verbal information.
Therefore, the few studies existing about this topic agree that sound effects and sound shots
are potent in creating mental images, mostly sound shots. Yet, these studies have not
explicitly used sound effects to develop the spatial dimension. Rodero (2012) studied these
features indicating the description of objects and not specifically to create a spatial
dimension. Also, as far as we know, there are no studies about filters in media production.
We hypothesize that space “where” and perspective “wherefrom” of the spatial dimension
should intensify the creation of mental images, as we can imagine the location and movement
of the objects. These considerations allow us to formulate the first hypothesis:

H1: The stories with verbal and nonverbal sound resources, in particular, sound shots

and effects, will achieve a higher listener's imagery compared to the stories with only

verbal information.
Spatial Dimension and Transportation

Transportation is defined as an imaginative experience or mental journey inside the
story (Gerrig, 1993; Sood, 2002). Listeners have the perception of being immersed or lost in
a story (Nell, 1988) by adopting the characters' identity and experiences (Cohen, 2001). The
term transportation is indicative of the importance of the spatial dimension: transportation to
a particular place or space. Also, according to some authors, the level of transportation

depends on the stimulation of mental images and, therefore, it should be related to the spatial
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dimension (Green & Brock, 2000; Green, 2004; Zheng, 2014). Some studies applied to radio
advertisements found higher involvement levels when radio ads contained a high level of
imagery, even when participants were doing a dual-task (Bolls & Muehling, 2007). We can
hypothesize that if listeners can draw in their minds space and imagine themselves moving
with the characters, then transportation should be high. Therefore, the spatial dimension in
audio fiction, provided by the nonverbal sound resources, should help the listeners to
submerge mentally in the space described and aid to “transport” the listeners inside the story.
This is our next hypothesis:

H2: The stories with verbal and nonverbal sound resources, in particular, sound shots

and effects, will achieve a higher level of listener’s transportation compared to the

stories with only verbal information.
Spatial Dimension and Attention

According to the information processing approach, attention is a cognitive process
that selects information to be processed preferentially (Chung, Golomb & Turk-Browne,
2011). When a stimulus is perceived, attention selectively allocates the cognitive resources
on one aspect of the information and filters out the distracting stimuli (Johnson & Proctor,
2004). Filtering information is a necessary process, as attention is a limited resource for
information processing (Lang, 2000; Oberauer, 2019). In this process, spatial attention has a
strong influence on differentiating and filtering different sounds in our environment (Kong et
al., 2014). There are two kinds of attention processes —controlled and automatic (Schneider &
Shiffrin, 1977; Lang, 2000). Controlled processing is this that individuals use in a conscious
way to process information; thus, directed by their own goals. This is a top-down process. In
contrast, automatic processing or exogenous attention is influenced by external stimuli, there
is not an active control, it is not intentional and, consequently, is faster and requires less

effort to process the information (i.e., after learning to drive a car, many actions can be
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performed without being consciously aware of each one). This is a bottom-up process of
attention or stimulus-driven attention (Oberauer, 2019).

Lang, Potter, and Bolls (2009) showed that visual encoding is a relatively automatic
process, whereas verbal encoding is a relatively controlled process; thus, visual information
is processed faster than verbal and with less effort (Schneider & Chein, 2003). By creating
visual images in the listeners’ minds (Rodero, 2012), a sound can be processed faster than
verbal information. If we hear the word "water,” we have to associate this code (the oral
language) with the concept and its image. When it is our mother language and, due to
practice, verbal processing can become automatic (Schneider & Shiffrin, 1977). However,
this encoding process can be challenging if the word is “wasser” and the individual is
learning German. In this case, this task requires more effort, and it is slower than merely
hearing the sound of water. Everyone can imagine a dog when listening to a dog barking,
regardless of his/her mother language. Also, as sound conveys information about the object
(location or size), imaging a concrete object can be a more automatic process than listening to
the word. Therefore, if we include nonverbal sound resources in production, which may be
easier to process than verbal information, we could achieve a claim of attention or an
orienting response (OR), by eliciting an acoustic contrast in the message. A high level of
stimulation and variation may increase attention during the stimulus (Olsen, 2002; Potter,
2006; Rodero, 2019). The nonverbal sound resources could provoke this level of variation.
Some studies have demonstrated that the use of production effects and voice and music
changes can provoke orienting responses (ORs) (Potter et al., 1997; Potter, 2000). Both
studies by Rodero (2012; 2019) supported this idea. This author found that sound effects and
sound shots increased the listener's attention compared to verbal information in audio stories.
(Rodero, 2012). Also, but in commercials, Rodero (2019) studied the capacity of different

sound elements, descriptive sound effects among them, to enhance the listener’s attention and
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recall. In this research, the sound of the objects in the commercial (i.e., a computer) achieved
the highest level compared to music and verbal messages. However, the level of attention has
not been studied with filters or with sound effects indicating the spatial dimension. These
ideas lead us to formulate the third hypothesis:

H3: The stories with verbal and nonverbal sound resources, in particular, sound shots

and effects, will achieve a higher level of listener’s attention compared to the stories

with only verbal information.
Spatial Dimension and Memory

Matlin (2005) defines memory as the process of maintaining information over time
for our survival. Memory covers three important cognitive processes: encoding, storage, and
retrieval of information (Baddeley, Eysenck & Anderson, 2015). Individuals process
messages according to the filter of attention. If this encoding process is efficient, the
individual stores this information in memory (Lang, 2000). The recovery will be a mental
representation of the stimulus, a construction based on the individual’s schemes (Barlett,
1995). This is why we can conclude that memory is closely linked to attention and mental
imagery (Mazard et al., 2004). According to the dual-coding theory, we can better recall any
information if verbal information is reinforced with visual images (Paivio, 1991). Cohen,
Horowitz, and Wolfe (2009) have shown that visual memory is superior to auditory, so
adding images (or mental images) to verbal information could improve recognition of
information. A recent study applied to films demonstrated that memory for audiovisual
dynamic scenes was superior to memory for visual dynamic scenes (Meyerhoff & Huff,
2019). Concerning sound, some authors have found (Bolls & Lang, 2003) that a message
with a high imaginative load is more effective in long-term memory than a message with a
little imaginative load. Also, memory is closely related to transportation. A study showed that

short-term spatial memory improved when the immersion level increased in a complex
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virtual environment (Johnson & Adamo-Villani, 2010). Also, the distinct processing of
“what” and “where” information is crucial for working memory (Lehnert & Zimmer, 2006);
thus, nonverbal sound resources indicating the spatial dimension could help to this goal.
Other experiments have demonstrated that the more complex a message was structurally
(multiple voice changes, sound effects, music onsets, and/or production effects), the higher
the memory (Potter & Callison, 2000; Lang, 2000; Potter & Choi, 2006). Recently, Lang et
al. (2015) analyzed the number of cognitive resources that can be automatically allocated and
required to process audio messages. Recognition accuracy resulted from a combination of
automatic resources (depending on the number of audio changes in the message) and the
required resources (depending on the information introduced by the audio changes). If the
level of structural features was low, the information introduced by them (low or high) did not
modify recognition. But if the level of structural features was low and the information
introduced was high, then recognition was low, as more resources were required to process
the message. The highest level of recognition was the combination of a high level of audio
changes and a low level of information. As previous research has shown that the more audio
changes, the more resources are automatically allocated (Lang, Zhou, Schwartz, Bolls, &
Potter, 2000), it is logical to deduce that the stories with nonverbal resources (more audio
changes) will get a higher level of recall compared to verbal stories. Also, Rodero (2019)
compared several strategies applied to radio messages: verbal appeals, music, and sound
effects and showed that sound effects achieved the best level of recall. Therefore, we can
hypothesize that these effects with sound shots will get the best level of recall.

H4: The stories with verbal and nonverbal sound resources, in particular, sound

effects and shots, will achieve a higher level of listener’s recall compared to the

stories with only verbal information.
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Method

The experiment was a 2 (audio stories) x 4 (versions of each story) mixed factorial
design. The same story was presented in four different ways, eight stories in total. Each group
of participants listened to two different stories. These two different stories (story A and story
B) had similar narrative characteristics but different places. The story was a within-subject
factor. There were four versions of each story. On the one hand, there were verbal stories
with only dialogue (stories only with the actors’ voices). On the other hand, there were stories
with verbal and nonverbal sound resources (voices + sound resources, such as sound effects,
filters, and sound shots). The versions were a between-subjects factor. The stories were
presented using different combinations and orders. Every participant listened to the two
different stories (A and B). The dependent variables were imagery, transportation, attention,
and recall. Group 1 listened to verbal stories A and B with only dialogue, Group 2 listened to
stories A and B with sound effects, Group 3 listened to stories A and B with sound shots, and
Group 4 listened to stories A and B with sound filters. The order of presentation of the stories
changed in each group. Half of the participants listened to the stories in the order A-B and the
other half in the order B-A.
Participants

The participants were 104 students at a major university. Fifty-four were females, and
46 were males (18-25 years old). 99.5% of participants had no prior experience in listening to
audio stories. These participants were distributed in four gender-balanced groups. They were
selected by combining the lists of students enrolled in four different courses. A statistical
power analysis was performed for sample size estimation. The effect size (ES) in this study
was .33, considered to be between a medium and large size according to Cohen's criteria.
With an alpha = .05 and power = 0.80, the projected sample size needed with this effect size

was 104. Thus, we recruited this number of participants (N = 104).
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Materials and Stimuli

The different stories were specially written and designed for this research. There were
two audio stories of two and a half minutes presented in four different versions: with only
dialogue; dialogue and sound effects; dialogue and sound filters (reverberation), and dialogue
and sound shots. Therefore, the stories were the same in all the versions. The two stories were
written following a linear structure and based on a dialogue between a man and a woman.
Both stories had similar narrative characteristics: the same number of actions (six),
interrogative and exclamatory sentences (25), dialogue from each character in balance (27
sentences in Story 1, and 23 sentences in Story 2), turning points placed towards the second
half of the story (from 1 minute and 20 seconds onwards), and the same length in each
narrative block (between 40 and 50 seconds). We placed the same amount of nonverbal
resources sound resources (six) in each version, balancing the number of appearances of new
sound elements or sound changes in the four versions (six times). The sound resources were
also distributed in the same timing during the narrative (every 15-20 seconds) and had the
same duration in all the versions (between three and six seconds). All the nonverbal sound
resources were congruent with verbal information, as some studies have shown that if
auditory information matches visual information, memory increases (Meyerhoff & Huff,
2016). All the stories had the same general volume controlled by mastering the intensity
levels to -3dB, except the stories with sound shots due to the difference in distances,
indicated with different loudness. The space needed to have acoustic characteristics that
allowed the addition of filters such as reverberation. Therefore, the space selected for Story A
was a bathroom, and the space chosen for Story B was a parking lot. Both stories were
produced with the voices of the same actors. The story told of a man and a woman casually
meeting and living in a tense situation (in the bathroom of a nightclub - Story A; and in a

parking lot - Story B). Throughout the story, their relationship becomes closer, ending in a
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friendship or love relationship.
Dependent Variables

The dependent variables were imagery, transportation, attention, and recall.

First, regarding imagery, we used the scale by Ellen and Bone (1991), with the
revision by Babin and Burns (1998), and the scale by Sheehan (1967). Imagery activity was
measured using two variables: vividness and quantity/ease. Vividness is the largest
dimension of mental images and refers to the quality and intensity of the mental image
(Morris & Hampson, 1983; Paivio, 1991). Participants answered the next questions for
vividness: How clear and vivid are the images that you have created in your mind? (as the
general level of imagery); How clear and vivid are the images about the space where the
story takes place? (as the imagery of the space); How clear and vivid are the images of the
characters of the story? (as the imagery of the characters). The alpha coefficient for this scale
was a=.763, with high internal consistency. Quantity/ease refers to the number of stimulated
mental images (Childers, Houston & Heckler, 1985; Ellen & Bone, 1991). Participants
answered the next questions: how many images were stimulated; what degree of difficulty
they experienced in generating the images, and how fast they created these images. The alpha
coefficient for this scale was a=.878, with high internal consistency. The answers to these
questions were measured according to the scale by Sheehan (1967) (see Table 1). The
questionnaire also included two questions about if the participants had imagined the space
where the story was placed and the story’s characters. The questions were as follows: “How
clear and vivid are the mental images about the space where the story takes place?”’; and
“How clear and vivid are the mental images of the female and male characters?”

In addition to the scales, participants answered open questions about the mental
images they had experienced during the listening task. They responded in only two sentences

the task “Describe the space where the story takes place and describe briefly what you have
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imagined.” We observed that the descriptions made by the participants about the mental
images they created could be about real or invented information, so the responses to the
question Describe briefly what you have imagined were coded in these two categories. Real
information was data mentioned explicitly in the story while invented information was data
that have not been mentioned in the story but that the participants added to their descriptions.
For example, some of the participants added adjectives about the characters, the space, or the
objects of the scene, which were not in the stories. The answers to the open question describe
the space where the story takes place were coded according to the number of adjectives
mentioned about the space or the space objects. We coded these descriptions following this
rule: 1 or 2 adjectives = 1 (i.e., a small bathroom), 3 or 4 adjectives = 2 (i.e., a small
bathroom white and not very clean), 5 or 6 = 3 (i.e., a small bathroom white with grey tiles,
not very clean with a big mirror on the wall), 7 or 8 = 4 (i.e., a small bathroom white with
grey tiles, not very clean, a big mirror on the wall and a wooden and heavy door), 9 or 10 =5
(i.e., a small bathroom white with grey tiles, not very clean, a white toilet brush, a big mirror
on the wall, a dirty bin and a wooden and heavy door). A 5-point scale measured the extent
and the level of detail of the descriptions, where 1 was the smaller number of adjectives used
in the description and 5 the greatest number.

Secondly, concerning transportation, we used the Green and Brock (2000) scale,
formulated for English audiovisual productions. The Narrative Questionnaire is a seven-point
scale composed of 12 questions, in which the participants rated to what extent they felt inside
the scenes of the stories. The mean of all the questions formed the transportation variable.
The Cronbach’s Alpha coefficient, a=.873, showed a high internal consistency.

Third, the variable level of attention was measured with the Potter and Choi (2006)
retrospective scale. Participants answered three questions depending on the level of attention

that they had paid to the story: how much attention they paid throughout the story, to measure
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sustained attention; what degree of interest it had held for them, to measure interest; and how
much they had concentrated on it, to measure concentrated attention. Participants received
instructions to distinguish what was being asked in each question. Each answer was measured
on a 7-points scale. The mean for these three dimensions formed the general attention
variable. The Cronbach’s Alpha coefficient, a=.852, showed a high internal consistency. We
completed this variable with two open questions: what caught your attention the most, and
what you missed in the stories.

Lastly, the recall variable was measured using a set of cued recall questions about the
information provided in the story (i.e., How much is the parking ticket?). As the example
shows, the questions asked specific information about the story. Only the answers that were
exactly the same, as mentioned in the story, were considered correct. The wrong answers
were those where the participant did not correctly answer the requested information. The
recall was scored as 1 for correct answers, and the mean was calculated. Table 1 shows the

entire questionnaire.
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Table 1

Questionnaire

19

Imagery
Vividness
1 I think of it, but do not have an image before me
2 Very vague and hardly recognizable
3 Vague un unclear
4 Not so clear and vivid but still recognizable
5 Generally, clear and vivid
6 Vivid and almost as clear as in reality
7 Very vivid and clear as in reality

According to the previous scale, rate the following questions from 1 to 7
-How clear and vivid were the images about the female character?
1 2 3 4 5 6 7
-How clear and vivid were the images about the male character?

1 2 3 4 5 6 7
-How clear and vivid were the mental images about the space where the story took place?

1 2 3 4 5 6 7

-Describe briefly what you imagined

-Describe the space where the story took place

Quantity/ease
-How many images were stimulated?
1 2 3 4 5 6 7
-How difficulty was to create the images?
1 2 3 4 5 6 7
-How fast you created these images?
1 2 3 4 5 6 7

Transportation

-While I was listening to the story, | could easily picture the events in it taking place
-While I was listening to the story, activity going on in the room around me was on my mind
-1 could picture myself inside the scene of the events described in the story
-1 was mentally involved in the story while listening to it
-After the story ended, | found it easy to put it out of my mind
-1 wanted to learn how the story ended
-The story affected me emotionally
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-1 found myself thinking of ways the story could have turned out differently
-1 found my mind wandering while listening to the story
-The events in the story are relevant to my everyday life
-The events in the story have changed my life
-1 had vivid mental images of the story

Not at all 1 2 3 4 5 6 7 \Verymuch

Attention
-How much attention did you pay throughout the story?
Not at all 1 2 3 4 5 6 7 \Verymuch
-What degree of interest it had held for you?
Not at all 1 2 3 4 5 6 7 Verymuch
-How much did you concentrate on it?
Not at all 1 2 3 4 5 6 7 Verymuch
Recall Five open questions
Procedure

Participants were gathered in a room with optimal sound conditions. Prior to their
arrival, participants were randomly assigned to one of the four groups of presentations. Each
participant had a computer on which to listen to the stimuli with high-quality headphones.
They were verbally informed that they would listen to two stories and then answer a
questionnaire on the same computer. They listened to the first story and filled out the
questionnaire and the same procedure for the second story. The only difference among both
surveys was the recall questions, which changed depending on the story (A or B).
Participants individually completed the experiment in about 20 minutes. Then the participants
were thanked, given a gift for their participation, and were dismissed.

Results
The results were analyzed using a variance analysis in a 2 (stories) X 4 (versions)

ANOVA for the dependent variables: imagery, transportation, attention, and recall.
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Hypothesis 1

The first hypothesis suggested that the stories with verbal and nonverbal sound
resources, in particular, sound shots and effects, would achieve a higher level of listener’s
imagery compared to the stories with only verbal information. There was a significant effect
of vividness for version, F (3, 205) = 36.28, p < .001, partial n? = .352, but not for story, F
(1, 103) = 1.50, p = .222, partial n? = .007, or the interaction version by story, F (7, 103) =
861, p = .462, partial n? = .013. Also, there was a significant effect of quantity/ease for
version, F (3, 205) = 18.15, p < .001, partial n? = .214, but not for story, F (1, 103) = 3.13, p
= .078, partial n2 = .015, or the interaction, F (7, 103) = 1.18, p = .316, partial n? = .017.
Finally, the general level of imagery composed of vividness and quantity/ease was significant
for version, F (3, 205) = 44.79, p < .001, partial n? = .402, but not for story, F (1, 103) =
3.73, p = .055, partial 2 = .018, or the interaction, F (3, 100) = 1.68, p = .171, partial n? =
.025. The nonverbal resources (effects, filters, and shots) achieved a higher level of imagery,
vividness, and quantity/ease than the dialogue version. The stories with sound shots and
filters obtained the highest level in the three variables followed by effects, but the Tukey’s
test only showed significant differences between the verbal stories and the nonverbal stories
(Vividness: dialogue and effects, filters, and shots, p <.001; effects and filters, p = .824;
effects and shots, p = .953; filters and shots, p = .986; Quantity/ease: dialogue and effects,
filters, and shots, p < .001; effects and filters, p = .244; effects and shots, p = .663; filters and
shots, p = .886; Imagery: dialogue and effects, filters, and shots, p <.001; effects and filters,
p = .422; effects and shots, p = .811; filters and shots, p =.918).

The questionnaire included two questions about whether the participants imagined the
space where the story was placed and the characters of the story. For the space, there were
significant effects for version, F (3, 205) = 36.98, p < .001, partial n? = .357, but not for

story, F (1, 103) = .271, p = .603, partial n? = .001, or the interaction, F (3, 100) = .654, p =
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581, partial n2 = .010. The story with sound filters achieved the highest level, followed by
sound shots, sound effects, and the stories with dialogue. The Tukey’s test only showed
significant differences between the verbal stories and the stories with nonverbal sound
resources (dialogue and effects, filters, and shots, p <.001; effects and filters, p = .396;
effects and shots, p = .824; filters and shots, p = .396). Concerning the characters, there were
also significant differences among the versions, F (3, 205) = 16.31, p <.001, partial n? =
.197, but not for story, F (1, 103) = 3.38, p = .067, partial n? = .017, or the interaction, F (3,
100) = .973, p = .406, partial n? = .014. The story with sound shots achieved the highest
level, followed by sound effects, sound filters, and dialogue. The Tukey’s test showed the
same trend: significant differences between the verbal stories and the stories with nonverbal
sound resources (dialogue and effects, filters, and shots, p < .001; effects and filters, p =
.806; effects and shots, p = .977; filters and shots, p = .561). Table 2 shows the means and
deviations of these results.

Table 2

Means and SD of Imagery

Imagery Vividness  Quantity/ease Space Characters
Version

Mean SD Mean SD Mean SD Mean SD Mean SD

Dialogues 294 78 318 113 271 69 188 81 308 152

Sound effects 4.02 .64 465 .90 3.37 75 335 88 445 1.038

Sound shots 414 56 475 .92 352 70 338 1 454 120

Sound filters 422 58 481 .73 3.62 65 360 .93 424 101

Regarding the open question about the mental images participants had experienced

during the listening task, the results showed significant differences in the invented data; F (3,
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205) = 7.57, p <.001, partial n? = .102. Sound filters achieved the highest level (M = 1.67;
SD = .47), followed by sound effects (M = 1.67; SD = .47), sound shots (M = 1.52; SD = .50),
and, finally, dialogue (M = 1.29; SD = .45). The Tukey’s test only showed significant
differences between the verbal stories with dialogue and those with nonverbal sound
resources (dialogue and effects, filters, and shots, p <.001; effects and filters, p = .762;
effects and shots, p = .845; filters and shots, p = .463). Therefore, in the stories with these
features, there was more invented information (more new mental images) than in the verbal
stories.

Also, the participants who listened to the stories with some nonverbal sound resources
wrote more detailed and imaginative descriptions, with significant differences, F (3, 205) =
37.31, p <.001, partial n2 = .359. The descriptions about the space were more detailed and
longer in the stories with sound filters (M = 3.65; SD = .92), followed by sound shots (M =
3.38; SD = 1.01), sound effects (M = 3.29; SD = .91), and, finally, dialogues (M =1.88; SD =
.87). These results support Hypothesis 1.

We represented in a word cloud the most frequent words that the participants recalled.
Figure 2 shows the different images of each version, in which the size of each word indicates
its frequency. The biggest ones are the most recalled. If we analyze this word cloud, we can
see that there were more references to objects in the stories with sound effects (mirror,
columns, sink, or water). In the stories with filters, there were explicit references to
reverberation and adjectives about the space (large, empty, or full). There were more verbs

with actions in the stories with sound shots (leaving, coming, helping, or vomiting).

[Figure 2 here]
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Hypothesis 2

Hypothesis 2 established that the stories with verbal and nonverbal sound resources,
in particular, sound shots and effects, would achieve a higher listener's transportation
compared to the stories with only verbal information. The results for the analysis of

transportation indicated significant effects for version, F (3, 205) = 21.38, p < .001, partial n?

=.243, but not for story, F (1, 103) =.63, p = .802, partial n? = .775, or the interaction
version by story, F (3, 100) = 1.16, p = .323, partial n? = .017. All the versions with
nonverbal sound resources achieved a higher level of transportation than the dialogue version
(see Table 3). The stories with sound filters obtained the highest transportation level,
followed by sound shots and sound effects. The Tukey’s test only showed significant
differences between the verbal stories with dialogue and the stories with nonverbal sound
resources (dialogue and effects, filters, and shots, p <.001; effects and filters, p = .763;
effects and shots, p = .417; filters and shots, p = .941). Consequently, Hypothesis 2 is also
supported.

Table 3

Means and SD of Transportation, Attention, and Recall

Transportation  Attention Recall
Version

Mean SD Mean SD Mean SD
Dialogues 327 128 512 99 3 .99

Sound effects  4.58 1.17 508 106 278 .99

Sound shots 4.83 1.13 565 .79 367 .90

Sound filters 496 123 595 73 384 .84
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Hypothesis 3

Hypothesis 3 suggested that the stories with verbal and nonverbal sound resources, in
particular, sound shots and effects, would achieve a higher listener's attention than the stories
with only verbal information. The results were significant for version, F (3, 205) = 11.15, p <
.001, partial n2 = .143, but not for story, F (1, 103) = 1.48, p = .225, partial n? = .007, or the
interaction version by story, F (3, 100) = .304, p = .823, partial 2 = .005. The sound filters'
stories obtained the highest value, followed by sound shots, verbal stories, and sound effects
(see Table 3). The Tukey’s test showed significant differences between verbal stories and
stories with filters (p < .001) and sound shots (p = .019). There were no significant
differences between verbal stories and sound effects (p = .987) and sound filters and sound
shots (p = .941).

The attention variable was completed with two open questions: what caught your
attention the most and what you missed in the stories. Regarding the first question, 36.1% of
participants in the stories with sound effects answered mentioning different effects (water,
WC, cars...), 30% of participants in the stories with sound shots talked about distances
(characters leaving, coming...), 25% in the story with filters answered mentioning echo and
reverberation, and only 8.3% in the story with dialogues referred aspects related to the
characters’ voices. The chi-square test was significant (X2 =19.03, p <.001). About the
second question, what you missed, 54.5% of participants in the stories with dialogues, 30.3%
in the stories with sound shots, and 9.1% in the stories with filters mentioned explicitly
ambient sounds or sound effects. In the stories with sound effects, 6.1% missed echoes or
revers. The chi-square test was significant (X?> =23.73, p = .001).

These results partially support Hypothesis 3. Figure 3 represents all the means of

imagery, transportation, and attention.
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[Figure 3 here]

Hypothesis 4

Hypothesis 4 established that the stories with verbal and nonverbal sound resources,
in particular, sound effects and shots, would achieve a higher level of listener’s recall
compared to the stories with only verbal information. The analysis showed significant results
for version, F (3, 205) = 15.78, p = .001, partial n? = .191, but not for story, F (1, 103) =
3.20, p = .075, partial n? = .016, or the interaction version by story, F (3, 100) = 1.32, p <
269, partial n% = .019. The story with sound filters obtained the highest level, followed by
sound shots, dialogue, and sound effects (see Table 3). The Tukey’s test indicated significant
differences between verbal stories and stories with filters and sound shots (p < .001). There
were no significant differences between verbal stories and stories with sound effects (p =
.480) and between filters and shots (p = .778). These data partially support Hypothesis 4.

Discussion

This study aimed to determine whether nonverbal sound resources such as filters,
effects, and sound shots could stimulate imagery, induce transportation, and improve the
levels of self-perception attention and recall. The results showed that these features
stimulated imagery and transportation to a greater extent than the verbal stories, creating
more vivid mental images about the stories, the spaces, and the characters, and “transport”
the listeners inside the scene. The spatial nonverbal sound resources that obtained the highest
level of imagery and transportation were sound filters and shots, followed by sound effects
and verbal stories. Regarding attention and recall, the sound resources that obtained the
highest values were sound filters and shots with no significant differences. Sound effects
stories achieved a lower level than the only dialogue stories, both in attention and recall.

These results confirm the crucial influence of the spatial dimension in audio processing,
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according to the dual-processing paradigms.

The stories with filters achieved the highest imagery level, followed by sound shots,
effects, and dialogues. Sound filters, like the reverberation used in this study for identifying a
closed parking lot and a bathroom, stimulated the listener's imagery by mentally representing
these spaces (“where"). Filters acted by producing an immersive experience on the listener's
part with high imagery (more references to space, more abundant information in the form of
invented data, more adjectives about the location). Therefore, participants had very clear in
mind the "where" information, thanks to the audio change present in all the story
(reverberation). Verbal and nonverbal information were complementing each other,
according to the dual-coding theory (Paivio, 1991), and few of the participants (9.1%) missed
some sound effects. As filters, sound shots were benefited by dual coding, in this case, by
providing the "wherefrom™ information. Unlike filters, sound shots were not in all the story
but at specific moments with volume changes. This "wherefrom" information allowed to
create perspective in the scene, and consequently, the stories were more lifelike. The reality
feeling can explain the imagery levels achieved by this resource with more descriptions of the
characters and action verbs. Some participants explicitly mentioned this reality feeling, but
30% of participants missed some sound effects ("what" information). The sound effects
stories also achieve high imagery levels, more descriptions about the space and objects, and
more invented data than the verbal stories. Only 6% of participants missed sound resources in
these stories (reverberations). These results are in line with previous studies showing that
sound effects have an essential influence on imagery, as the "what" information helps create
more vivid mental images (Miller & Marks, 1997; Bolls, 2002; Rodero 2012). Conversely,
the verbal stories obtained the lowest level of imagery. We can suggest that the lack of spatial
indicators using nonverbal sound resources ("where" and "wherefrom") reduced the creation

of mental images about the story, and the descriptions were the poorest. The dual coding did
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not produce (Paivio, 1991). This is why more than half of the participants missed ambient
sounds and sound effects.

Concerning transportation, participants felt especially inside the scenes in the stories
with filters, followed by sound shots, effects, and verbal stories. Transportation is very linked
to imagery, so, logically, the order was the same. The reason for the highest level of filters
may be that these sound resources provided the "where" information, the critical information
about the place. Moreover, they indicated the location throughout all the story (not only at
certain moments). In consequence, this crucial information about the location and the
"continuous sound cushion” placed the participants inside the space with total immersion. In
sound shots, the "wherefrom™ information was also a clear indicator of location. The spatial
perspective introduced simulated a real space, and this reality feeling created more mental
images and "transport” the participants to the scene. Sound effects also benefited from the
dual-coding information processing but to the less extent. The reason may be that the
information added by these elements was not so relevant. These effects represented the sound
of objects identifying the space at specific moments, which may not be so important as an
immersed sound (filters) or the perspective (shots). Regarding verbal stories, we can suggest
that the lack of spatial indicators using nonverbal sound resources ("where™ and
"wherefrom") reduced the listener's transportation to the scene.

Regarding attention, filters were the resources that obtained the highest level, then
sound shots, verbal stories, and effects. Theoretically, by introducing acoustic variations, all
the nonverbal resources should have caught the participants' attention (Potter et al., 1997;
Potter, 2000; Rodero, 2012). Effectively, sound filters and shots achieved this goal, but not
sound effects. The self-perception attention of the different resources seems to be related to
their different characteristics. The sound filters were applied to all the stories in a single

layer. This uniformity could have avoided distractions while, at the same time, provided clear
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identification of the space "where"; thus, listeners focused more on the content. Something
similar could have occurred with sound shots. In addition to the lifelike sensation, the fact
that this element was fused with the voices could have improved the attention levels, as in
Rodero's (2012) study. However, contrary to our hypothesis, the sound effects' levels of
attention were lower than verbal stories. A possible explanation for this result is that these
effects acoustically could have "interrupted" the story's flow. The sound effects used in these
stories added new information about different objects in the space. There were sound effects
not related to the action ("where" and not "what"), indicating the objects of the two locations.
Therefore, these sound effects could have drawn too much attention to themselves (acoustic
signals) and distracted the listeners from the story's primary information. 36% of the
participants answered that some sound effects had caught their attention the most. Here, the
level of structural features was high (sound effects at specific moments of the story), but the
information added by them also was high (different sound effects); thus, this fact could have
increased the required resources to process the message (Lang et al., 2015). In verbal stories,
the lack of sound variation reduced the attention levels (Miller & Marks, 1992; Rodero,
2012). If listeners do not have additional elements than verbal information ("what™), they
more easily experience a drop-in attentiveness.

About recall, the results were the same as attention. Filters were the resources that
obtained the highest level, followed by shots, verbal stories, and sound effects. As filters and
shots achieved the highest attention levels, it is logical that these stories were the most
recalled. Sound filters and shots benefited from dual coding by introducing a reverberation
effect or acoustic changes in the sound volume, respectively; thus, in both cases allocating
more resources to encode the message (Lang et al., 2000). However, as the information
introduced by these elements was not high, the listeners did not need many required resources

to process. Although they added essential information for the spatial dimension (“"where" and
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"wherefrom"), they did it without adding a load of new information. As a result, according to
Lang et al. (2015), the level of required resources was low, there were enough resources to
process the message, and, finally, the recall levels were the highest. Conversely, the low
recall level of sound effects could have occurred by increasing the information to process
(Lang, 2000). There were numerous sound effects introduced at specific moments of the story
adding new information. Therefore, as mentioned, the level of structural features was high.
The information entered by them was also high, more resources were required to process the
message, and the recall levels were the lowest (Lang et al., 2015). In verbal stories, once
again, the lack of sound information also reduced recall, as other studies have shown (Miller
& Marks, 1992; Rodero, 2012). The dual coding did not produce (Paivio, 1991), the attention
was lower, and recall also was affected. Therefore, the information processing was more
complicated, and more controlled resources needed to be allocated.

In conclusion, the results of this study reveal the crucial role of the spatial dimension
to process information in audio production, according to the dual-processing paradigms. The
spatial dimension provided by space and perspective improved the listeners’ cognitive
processing thanks to a dual coding: “what,” (provided by verbal information and partially by
sound shots) processed by the phonological loop; and “where” and “wherefrom,” (provided
by filters and sound shots respectively) processed by the visuospatial sketchpad.

As this study aimed to analyze the effects of each sound resource, we designed the
stories with only one element. However, it is clear that in audio production, sometimes
different resources are used together. As some studies have shown that the more sound
features in a message, the more resources are automatically allocated (Lang et al., 2015) and
that all the elements together obtain high imagery and attention (Rodero, 2012), we may

hypothesize that a story with all the resources should achieve higher levels of imagery,
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transportation, attention, and recall than a story only with one element, but this is an
assumption that needs to be studied.

The findings of this study can be applied both to the academic and the professional
field. In the academic area, this study allows us to delve into the research of specific
nonverbal sound resources (in this case, filters, effects, and sound shots) to define the spatial
dimension in audio processing. In this aspect, this study can be useful for audio or media
teachers and academies. In the professional field, this study can help audio producers, sound
designers, filmmakers, journalists, and sound creators, to mention only a few. The new
platforms of podcasting and sound content nowadays offer more and more quality
productions. This research can help them to improve the sound design. Although the spatial
dimension is applied to audio fiction in this study, the results can extend to other genres, such

as advertising or documentaries.
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