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Abstract

To test memory performance between nonverbal stimuli in the form
of moving images (GIFs) and verbal stimuli in the form of
written-down words, three hypotheses were investigated. Short
scenes from the cult series The Simpsons were enriched with the
above stimuli. The first hypothesis was based on the assumption that
GIFs would score higher than words on free recall. This could not be
proven. The same applies to the hypothesis that GIFs would be
remembered better than words during serial recall. The last
hypothesis to be investigated also proved not to be significant. This
was based on the assumption, that words are inferior to moving
images in terms of recognition. It is assumed that the superimposed
scenes overwrote the GIFs during the memorization phase, since they
were the same stimulus form. This meant that the attention of the
subjects was distracted by the scenes. The high playback values of
individual stimuli were also striking. It was assumed that these
stimuli were associated with emotions and that the subjects therefore
focused their attention on them, as a result of which they were
remembered more strongly.
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I. INTRODUCTION

Subtitles have become indispensable in the broadcasting of films, series, and real-time
programs via television, as well as in the consumption of this content via streaming services
and social media platforms such as YouTube. In addition to the dialogues and monologues that
take place in specific actions, sounds and noises that take place in the background of the action
or during the action are also rendered in the form of words to convert the auditory variant of the
stimulus into a visual symbolic form so that this information can be grasped by viewers in
visual form when the sound of the medium is muted and the subtitle is activated.
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Subtitles are, as already mentioned, common practice in everyday life. Now the question arises,
which findings would result, if sounds, tones or noises were not transformed into a visually
symbolic form, but simply the source of the causing sound was faded in with the help of
moving images at the moment of the occurrence of this stimulus in the scene and at the same
time the sound of the entire scene to be captured was muted. Furthermore, the subtitle should
be inserted in the form of sentences when monologues or dialogues occur.

Il. RELATED WORK

Multi-memory model

In the 1960s, Richard Atkinson and Richard Shiffrin developed the multiple memory model
(MSM), which divides memory into different subsystems. The MSM divides memory into
sensory memory, short-term memory, and long-term memory [1].

Sensory memory captures information first and stores it for fractions of a second or seconds.
Ultra-short-term memory has a short storage period. However, its storage capacity is enormous.
Stimuli that have passed through the perceptual and attentional processes are then transferred
to short-term memory. The storage capacity of short-term memory is limited. Maintaining the
content can take between seconds and minutes [2, p. 4]. Research has shown that when learning
sequences of digits up to 7 £ 2 units of information can be stored in memory [3]. The content
can then either be deleted or overwritten by new stimuli. Otherwise, this content can be
transferred to long-term memory through repetition [2, p. 5]. Long-term memory (LZG) stores
information that has been recoded in short-term memory. It includes information received a
few minutes ago as well as information gathered over a lifetime. The LGZ has an unlimited
storage capacity and a potentially lifetime storage period [4].

Long-term memory

The LZG is divided into a declarative and a non-declarative memory. In declarative memory,
the content is consciously transferred. This process can take place, for example, through speech,
writing or images. Episodic, semantic and perceptual memory are classified as declarative
memory [5, p. 8]. Implicit memory is the part of the LZG in which memory contents are
reproduced unconsciously and automatically [2, p. 39]. The system acquires and stores habits,
knowledge, learned experiences and reactions. Implicit memory is divided into priming and
procedural memory. The individual memory systems work together [5, p. 8].

Working Memory

Working memory is different from short-term memory. The latter is only responsible for
maintaining the content in the short term. In contrast, working memory is additionally involved
in processing this information. Working memory accesses content in long-term memory [5, p.
6]. According to Baddeley, short-term memory forms one of the components of working
memory [6]. In the phonological cycle, the linguistic content is stored and changed. This
suggests a match with short-term memory. The visual-spatial notepad performs the same
functions, but only in terms of visual and spatial information. Episodic memory combines
information from different sources into an episodic form. The central executive controls
attention and coordinates content from the phonological loop and the visuospatial notepad [7].
Working memory is characterized by limited storage capacity and short retention time [4, p.
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370].

Retrieval methods

When retrieving content from long-term memory, two methods are used. In free-recall
playback, the content is played back without cues or retrieval aids. Recognition involves
presenting stimuli that are thought to have been perceived before and testing whether they can
be recognized again. An example of this is multiple choice tasks [4, p. 379]. Recognition tasks
show better recall results due to the representation of cue stimuli than tasks that have to be
solved by free reproduction [8].

Position effects

Memory experiments have determined that items at the beginning and end of a list are better
remembered than those in the middle of the list. It is therefore assumed that the memorized
elements of the beginning of the list belong to the memory content of the LZG and those of the
end of the list are found in the KZG [9]. The process by which the information at the beginning
is more likely to be remembered is called the primacy effect, and the inputs from the list that
are better remembered at the end are called the recency effect [2, p. 20].

Subtitle

The use of subtitles is very diverse. Subtitles can be, among other things, a support for learning
foreign languages or basically for practicing general learning material [10]-[11] -[12]. Fang et
al. compared bilingual subtitles with conventional monolingual subtitles and found that
subjects performed significantly better than with monolingual subtitles [13]. Subtitles are
much more important for the hearing impaired or deaf. Subtitles enable the aforementioned
groups of people to perceive and interpret orally presented content with the help of written
words in order to follow the visual content, e.g. in movies or series. In addition, there are
already prototypes or approaches that support hearing-impaired people in their daily lives by
transmitting verbal content to them in transcribed form in real time [14]-[15]. The study by
Tedfilo et al. presents an approach for subtitling theater performances in real time. Here,
augmented reality and automatic speech recognition systems are used to realize the prototypes
[16].

As diverse as the applications are, so are their realizations.

For example, Kushalnagar and Kesavan make suggestions for formatting static subtitles to
increase the usability of this type of subtitle in different versions of hardware products [17].
Gorman, Crabb, and Armstrong take the approach of adaptive captioning, in which they allow
viewers to personalize the functionality of the subtitles. For example, it should be possible to
highlight certain speakers in the subtitling in color or to distinguish the individual speakers by
means of color marking [18]. It was mentioned earlier that AR systems and automatic speech
recognition systems were combined to develop prototypes to enable simultaneous captioning.
Another aspect that will be considered is the search for user-friendly approaches in the field of
360° movies. Static and dynamic approaches are compared here: In the dynamic variant, the
texts are placed near the speaker's source, while in the static variant the subtitles are simply
inserted in front of the field of view [19]-[20].

Vol. 71 No. 3s (2022)
http://philstat.org.ph

916


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

GIF

Animated Graphics Interchange Format (GIF) is a digital file format that is ubiquitous in
digital communication. GIFs are versatile and, combined with their endless repetitions, can
convey multiple layers of meaning in a single image [21].

Memory performance between pictures and words

In one study, Paivio et al. examined images and sounds of objects and their visual and auditory
names in free and serial recall. They found that nonverbal items were better remembered in free
recall and verbal items were superior in serial recall. In visual modality, pictures were superior
to words in both free and serial recall. However, there was no significant difference between
sounds and words in free recall [22]. Paivo et al. have shown in a previous study that pictures
are significantly better remembered in free recall than the verbal designation of objects [23].
Shepard and Roger determined the recognition scores of words, pictures, and sentences and
came to a conclusion in their experiments indicating that the recognition rate is higher for
pictures compared to words and that phrases rank last in relation to the other two modalities
[24]. A different study compared students' free recall and recognition performance between
words, black-and-white pictures, and colored pictures of objects. Here it could be seen that the
performance of the subjects increased with increasing age. In addition, a significant difference
was found between the color images, the black and white images, and the words among the
adults. The performance for color images was higher than for black and white images and
words [25]. The study by Snodgras et al. also showed that results were significantly better with
pictures than with words alone. The experiments included a comparison between pictures and
words and a group in which both stimuli were presented simultaneously. The group in which
both stimuli were presented simultaneously did not perform better than the group that saw only
the pictures [26].

I1l. THE AIM AND THE FORMULATION OF THE HYPOTHESES

In Sect. I, different memory models and two types of retrieval methods were presented. In
addition, some research content of subtitles was addressed. In both static and dynamic
subtitling, the transcribed content was mostly the verbal content of movies, series, real-time
monologues or dialogues.

he aim of the present work was to look at sounds, tones and ubiquitously describable noises
that occur in movies, series and also in everyday life. It is important to note that the sounds
were transmitted to the viewer nonverbally, but not acoustically. This means that the subjects’
memory performance was studied when they were presented moving images in the form of
GIFs, which were the source of sounds, compared to their verbal variants in the form of written
down words or short sentences. To put it compactly: The aim of this work was to find out how
the insertion of visualized versus textual (background) sounds in short scenes with subtitles
affected viewers' memorability.

For this purpose, the following hypotheses were derived from the Sect. Il and examined in this
study:

H1: Subjects' recall scores are higher for GIFs during free recall than for written-down words.
H2: Subjects' recall scores are higher for GIFs during serial recall than for written-down words.
H3: Subjects' recall scores are lower for recognition of written-down words than for GIFs.
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I\VV. APPROACH

Experiments were conducted to test the hypotheses. From the aim and the hypotheses to be
determined, it was clear that a comparison between two groups should take place. In order to
compare the memory performance of the two groups, a separate questionnaire was designed for
each group. The detailed description of the questionnaire can be seen in Sect. V. To test
memory performance, subjects were asked to memorize the content. These contents were
descriptions of sounds, tones and noises. A total of 30 descriptions were selected.

Firstly, a list of sounds and tones was created by listening to them on the site of Salamisound.de
and geraeuschesammler.de. Subsequently, the names of the Sounds were sometimes expanded
or supplemented. Afterwards, Gify.com was searched for gifs that best represented the source
of the sound. As a test, a person was asked to describe these gifs in order to determine whether
the selected sound was recognizable. Subsequently, it was decided to choose The Simpsons as
a reference for the causative noise sources. Scenes from the series were selected for each of the
30 sounds. The selected scenes were cut to a length of about 12s and numbered consecutively.
In total, an approximately 7-minute video was created for each group, including sources. In the
text group, the sounds were described textually and appeared in addition to the monologue or
dialogue subtitles in the scenes in which the sound occurred at that moment. In the visual
group, the GIFs were faded in as soon as the corresponding sound occurred in the respective
scene (seen in Fig. 1). Both videos were muted so that neither the monologues or dialogues nor
the sound could be heard. The Clips were edited with the help of ShotCut. The Simpsons
scenes were accessed via the Disney+ streaming platform.”

Fig 1: The Simpsons Season 9 episode 21

A total of 64 people participated in the experiment. The survey lasted 11 days. Participation
took place via Zoom or Discord. Some of the experiments took place in smaller groups of 2 to
4 persons, but for the most part they took place in individual settings. The experimental
procedure was explained to all participants. Previously, they confirmed the consent form. After
the explanation of the procedure, the participants were given the opportunity to answer their
emerging questions. Once participants gave the signal to be ready, the video was screened once
and participants viewed the content. After the video, they completed the two tasks included in
the online questionnaire. Finally, participants entered their sociodemographic data.
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V. METHOD

Two online questionnaires were created. In addition to demographic data, these included
explanations and instructions for the two tasks to be completed. For demographic data, the
following information was elicited: gender, age, degree program, and current semester. The
participants were asked whether they had a visual impairment. If they answered in the
affirmative, the follow-up question resulted as to whether they corrected them appropriately
during the experiment. The two tasks were set up identically for both questionnaires. The first
task consisted of 30 input fields, which were assigned to the 30 scenes. To check the serial
recall, the participants should fill in the numbered fields with the correct designations
according to the learned sequence of the contents. If subjects could not match a content due to
lack of accessibility, they were asked to type it into any free input field. For fields where no
content came to mind, they should fill it with any letter. The reason for this was that the input
fields were mandatory. The second task was performed directly after the first and involved
recognition of the items. It also consisted of 30 items.

In this case, the subjects did not have to fill in any fields. Comparable to a single-choice task,
they could freely choose between four answer options that served as clue stimuli. Accordingly,
there was only one correct answer. The other answer choices served to deceive participants
because they had strong similarities to the correct answer. It should be mentioned that the
subjects did not have the possibility to switch between the first and the second task during the
processing. This ensured that the first task could not be manipulated by the second. In addition,
subjects were instructed not to take written notes or recordings of the content presentation
during the learning phase.

VI. RESULTS AND ANALYSIS

Statistical procedure

For statistical analysis, Matlab Statistics and Machine Learning Toolbox was used. An
evaluation of descriptive statistics was performed. The age and gender distribution as well as
the number of subjects were taken into account. Afterwards, the mean values of the two groups
were calculated with respect to the retrieval types (free retrieval, serial retrieval, recognition) of
the content and compared using t-tests for independent samples in order to draw conclusions
about the differences between the two stimulus types with respect to the presentation types. To
test the hypotheses, the t-test was calculated. The significance level was set at p < 0.05.

Descriptive statistics

A total of 64 people participated in the experiment. From the GIF group, the data sets of a total
of four participants were discarded. The reason given was that the participants' responses did
not come close to matching the responses of the other participants. In some cases, participants
had misunderstood the tasks or completed the questionnaire too quickly compared to the other
participants. To exclude outliers, a threshold of 5 correctly answered items was set. Subjects
who scored less than or equal to 4 points were removed from the sample. The threshold is based
on the assumption that subjects would have to recall at least 5 correct items from short-term
memory alone. This consideration is consistent with the fact that 7 + 2 items can be well
reproduced by short-term memory [3]. The sample to be evaluated thus consisted of a total of
60 participants. Of these, 34 were students (57%) and the remaining 25 were working adults.
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One youth, age 12, was in the text group. 41 of the subjects were male (68%). The mean age of
subjects in the GIF group was 26.83 years (SD=6.29), in the text group 26.77 years (SD=5.87).
The mean age of the total participants was 26.8 years (SD=2.97). The number of participants
with visual impairment was identical in both groups. Among the 24 participants who had a
visual impairment, 21 compensated for it during the test. The remaining three participants who
did not compensate for their visual impairment were all in the text group. The number of
participants in the two groups was not identical after sorting out the four data sets. In the GIF
group, 33 people originally participated. However, only the records of 29 participants were
analyzed. A total of 31 people attended the text group. Here the data sets were without outliers,
so all data were retained.

Mean values in free recall

To investigate the first hypothesis, the means of the free recall items of the text and GIF groups
were calculated and compared using a t-test for independent samples. The evaluation results
showed that the GIF group (M=15.07, SD=4.26, n=29) achieved a higher mean score in free
recall than the text group (M=13.29, SD=4.31, n=31) (Fig. 2). Comparison of means revealed
no significant difference between the two groups, t-test(58)=1.58, p=0.060.

Free Recall

107 WTex
WG

Group

Fig 2: Mean values of the text and GIF group at free retrieval

Mean values in serial recall

To test the second hypothesis, the first step was to check whether the participants' correct
answers matched the items. For example, if the text “cough” or the GIF of a person coughing
was shown at the fourteenth position during the experiment, then the retrieval evaluation made
sure that the response at the fourteenth position corresponded to the given label. In the
evaluation, the means of the text and GIF groups were calculated and compared using a t-test.
The mean for the text group (M=6.32, SD=4.14, n=31) was smaller than that for the GIF group
(M=7.14, SD=4.18, n=29) (Fig. 3). Variance inequality cannot be assumed because Levene's
test showed no significant result, F(1.58)=0.001, p=0.972. The comparison revealed no
significant difference between the text and GIF groups in serial recall, t-test(58)=0.747,
p=0.229.
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Serial Recall

WText

‘ 7.14
| 632 | Mer |
\

3

Group

Fig 3: Mean values of the text and GIF group during serial recall

Mean Val

Mean values for recognition

To test the third hypothesis, the mean values of the items in terms of recognition were obtained
for the text and GIF groups and compared using the t-test. The results of the evaluation
indicate, as shown in Fig. 4, that the text group (M=15.74, SD=4.88, n=31) had a lower mean
score than the GIF group (M=16.14, SD=4.40, n=29). The homogeneity assumption of
variance was satisfied because Levene's test did not yield a significant result, F(1.58)=0.074,
p=0.787. In the comparison performed, no significant difference was found between the
means, t-test(58)=0.324, p=0.374.

Recognition

WiText
WorF

Group

Fig 4: Mean values of the text and GIF group on recognition

Position effects
To analyze the primacy and recency effect in the two groups, the participants' correct answers
to the respective items of the questionnaire were evaluated from free recall.

Position effects on text during free recall

Fig. 5 shows the position curve of the text group. It can be seen from the curve that the initial
positions (primacy effect) flatten slightly as the number of positions increases. Exceptions are
positions five and eight, where the sounds “incoming call” and “someone going down the
stairs” are positioned. While the five was reproduced correctly more often, the recall values for
the eight were significantly lower. In contrast, it can be seen that the curve rises again from the
20th to the last position (recency effect). Peak values occur repeatedly in the interval from
position 11 to 26, but no maximum values are reached in this range as at the start and end
positions. The maximum values are produced by sounds such as “fart sounds” (10), “bell

Vol. 71 No. 3s (2022)
http://philstat.org.ph

921


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

ringing” (15), “truck horns” (21), “saxophone sounds” (23), and “gunshots” (26).

Position effects in free recall

PText

ectly

nswered the respective stimuli corr

Number of participants who a

Stimuli

Fig 5: Position effects in text

Position effects on GIF during free recall

The GIF group also exhibited the primacy and recency effect. The initial positions show that
the subjects found it easy to reproduce the content to be memorized without error. As the
number of items increased, the scores of the individual items decreased. The lowest value was
reached at the twenty-first position. In the interval of [1 - 21], individual peaks occur again and
again. This suggests that certain sounds were better stored in memory regardless of position.
Two much stronger deviations can also be seen in the interval ]21,27[. These are caused by the
sounds “police siren” (22) and “shots being fired” (26). From position 27, a rapid increase
begins until the last position. However, the last element does not contain the same retrieval
value as the start element (Fig. 6).

Position effects in free recall

—GIF

St

Fig 6: Position effects in GIF

VII. CONCLUSION

The study examined the comparison of nonverbal stimuli in the form of moving images (GIFs)
with verbal stimuli in the form of written words. Short scenes from the cult series Simpsons
were enriched with these stimuli to find out which stimulus form outperformed the other in
terms of memory performance.

The assumption that GIFs have higher recall values in free recall compared to words could not
be substantiated. When calculating the mean values, a difference was found. Although the
mean value of the GIFs was higher than that of the words, the t-test did not show statistical
significance. Therefore, hypothesis 1 had to be rejected. Hypotheses 2 and 3 could not be
confirmed either. The calculation of the t-test did not show statistical significance. Especially
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since in both serial recall and recognition, the mean scores of the GIFs were higher than those
of the verbal stimuli. One reason for this could be the small number of subjects and the
associated low test strength. Calculation of the t-test for hypothesis 1 yielded a p value of
p=0.060, showing a trend near the significance level. It can be assumed that the size of the
sample also had an influence on the results of the second and third hypotheses.

Another possible reason could be that the individual scenes also had an impact on the
memorability of the nonverbal stimuli. Since both the scenes were moving images and the
visualized sounds were GIFs that had to be memorized. In the case of verbal stimuli in the form
of written words, the influence of the individual scenes did not exist since it was a different
form of representation of stimuli. An aspect that attracted attention when coding the responses
of the GIF group underlines this assumption again. In the GIF group, terms that described the
content of the scenes rather than the GIFs were used more frequently. For example, the words
“explode”, “burn”, “fireworks”, and “police” were reproduced in response. This indicates that
participants' attention was focused on the content of the scenes and the stimuli they should have
remembered faded into the background. This behavior was barely or only slightly evident in
the verbal stimuli.

Another assumption is that subjects wanted to understand what was happening in the scenes, so
participants' attention switched from the GIFs to the transcribed monologues or dialogues.
Because the position of the GIFs was not the same as that of the verbal version of these stimuli,
gaze switching occurred more frequently. This was not the case with the text, because the
subtitles of the monologues or dialogues were in the same visual area as the verbal stimuli.
From the list in the last paragraph, one might conclude that these terms could be associated
with emotions. Some of the 30 items that had to be memorized also had to do with emotions.
Thus, it can be seen from the position curve for both the GIF group and the text group that the
individual peaks contain terms that could be associated with emotions. These include, for
example, “crying baby”, “fart sounds”, “thunder rumbling”, “truck horn”, “police siren”, and
“gunshots falling”. The fact that these items in particular show high values can be explained by
the fact that the subjects' attention was focused more on the verbal and nonverbal stimuli. The
study, entitled “Emotion drives Attention”, indicated that emotionally charged stimuli received
significantly more attention than neutral stimuli [27].

What could be considered from the analysis for future work would primarily be to look at both
stimuli once with and once without movie scenes to compare how much the scenes distract the
viewers' attention from the target stimulus and whether there is indeed a significant difference
between verbal and nonverbal stimuli. In addition, it could also be investigated how strongly
attention is drawn to emotion-linked stimuli in the verbal presentation form. In the case of the
GIF group, the content was inserted at the lower left edge. As mentioned above, it is assumed
that this would affect the results of the subjects' memory performance. For future work, it is a
good idea to place the content at the same position coordinates where the words are inserted
into the text group. Nevertheless, to avoid obscuring the content of the scenes too much, the
GIFs should not have a background, but be transparent. However, it is important to choose a
larger sample.
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