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Eyetracking the impact
of subtitle length and line number
on viewers’ allocation of visual attention

Saber Zahedi & Masood Khoshsaligheh
Ferdowsi University of Mashhad

Compared to one-line subtitles, two-line subtitles are believed to receive
more attention from viewers based on previous research. Yet, in the major-
ity of these studies, two-liners are considerably longer than the one-line sub-
titles. The authors argue that the findings of the previous studies could have
been affected by the difference in subtitle length, and there is a need to
operationally distinguish between the impact of subtitle length and line
number on viewers’ attention allocation. Therefore, an SMI eye tracker was
used in this study to record the eye movements of 32 Iranian viewers while
reading the Persian subtitles of a short segment of a feature film, A Prophet
(Jacques Audiard 2009). The results showed that the viewers’ attention to
one-line subtitles was significantly greater than the attention they allotted to
two-line subtitles although they were of the same length. The attention allo-
cated to the long subtitles was also significantly greater compared to the
attention paid to the short subtitles. Retrospective interviews also showed
that the participants favored short and two-line subtitles.

Keywords: eye tracking, subtitle reception, line number, subtitle length

Introduction

Today, the circulation of information and cultural content happens, in a large
part, through multimedial and multimodal products. The role they play in our
life is increasingly important, and, over the past few years, the number of studies
on multimodal communication has been growing steadily despite AVT still being
in its early ongoing stages of development. This owes much to the mass produc-
tion of audiovisual and digital products, which is far beyond the production of
films and TV shows, not to mention the impact of the Internet, which has given
a completely different meaning to the distribution of such multimodal products
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by rendering them global, unlimited and ubiquitous (see Doherty 2016). The ris-
ing forms of media production and distribution are affecting the AVT academia
as well as the professionals (Diaz Cintas 2013) by creating novel research trajecto-
ries, new market opportunities, and rapid circulation of media products.

In audiovisual products, several semiotic systems are intertwined, forming
a multisemiotic or multimodal channel of communication. In using subtitled
materials, viewers need to constantly divide their attention between the subtitles,
soundtrack and moving images, which is a far more complicated act compared
to reading a plain text with no visual accompanying element (Perego 2008). In
case of subtitles, many believe that given the simultaneity of visual and verbal
elements, audiences might experience difficulty in their perception process
(Lautenbacher 2012). Previous studies have shown that subtitle reading could
be affected by a number of textual and non-textual factors such as line breaks
and segmentation (Perego 2008; Perego etal 2010; Gotllieb 2012; Gerber &
Szarkowska 2018), age (d’Ydewalle & De Bruycker 2007; Mufioz 2017), translation
strategy (Caffrey 2009; Ghia 2012), display duration (d’ Ydewalle et al 1991), shot
changes (Krejtz et al 2013), synchronization (Lang et al 2013), linguistic factors
(Moran 2012; Krejtz et al 2016), hearing condition (Krejtz et al 2016; Szarkowska
et al 2013) and subtitle length and line number (Szarkowska & Gerber 2019).

Despite the fact that subtitle length and line number are other two important
variables that may affect the process of subtitle reading, there are not sufficient
studies on these two elements. Diaz Cintas & Remael (2007) state when the char-
acters exceed 39-40 per line, the subtitle is broken into two shorter lines (also see
Mosconi & Marco 2012). This means that subtitles with more than 40 characters
are not normally accommodated in one line. Yet, there is a lack of empirical evi-
dence for the mentioned instructions on subtitle line number, and little is known
about the impact of line number on subtitle processing and cognitive load. Previ-
ous research has shown that readers tend to pay more attention to two-line sub-
titles (d'Ydewalle et al 1991; d’Ydewalle & Gielen 1992; d’Ydewalle & De Bruycker
2007) when two-line subtitles are lengthier than one-line subtitles. In other words,
in previous studies focusing on line number, the characters of two-line subtitles
surpassed those of one-line subtitles. However, this study will investigate the dif-
ferences in attention allocation to one-line and two-line subtitles that include
more than 40 characters, and they are both of the same length and duration on the
screen. The study will also investigate the impact of subtitle length when the line
number remains constant. In other words, we investigated the reading of subtitles
with different character number (one shorter and one longer) while the number
of lines were the same for both versions.
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2. Literature review

2.1 Subtitle reading

Cognition research on translation and subtitling using eyetracking has gained
ground over the last decade. A number of articles, books and dissertations have
been written on the issue with each addressing a particular aspect ranging from
formal features to textual elements (see an entire volume on the issue edited by
Perego 2012). Most of such studies seek the details of attention to the visuals and
cognition of translators or other individuals engaged in producing or receiving
translation.

Studies have shown that eye movements do not flow linearly and smoothly,
but eyes make dynamic and rapid movements from one point to another (Ghia
2012). These movements are known as saccades, and the millisecond pauses
between are fixations (Duchowski 2017). Visual perception process is constantly
disrupted and affected by a number of external and contextual factors (Ghia 2012).
When watching a subtitled video, such factors vary from visual ones such as sub-
titles font (e.g., size, color and type), subtitle display duration, line-breaks, source
language familiarity and number of characters to more textual factors such as
cohesion, lexical frequency and cultural references. In a study on the readability
of subtitles, Perego (2008) discovered instances of arbitrary line-breaks. The term
‘arbitrary’ referred to unpredictable, illogical, inaccurate or implausible. A Line
break is called arbitrary as coherent groups of words are divided and segmenta-
tion does not happen with the highest syntactic node. She found that at the phrase
level, following phrases should be placed on the same subtitle line: noun phrases
(nouns preceded by an article); prepositional phrases (simple and/or complex
preposition heading a noun or noun phrase); and verb phrases (auxiliaries and
main verbs or phrasal verbs). At the clause and sentence level, she found that the
following structures should be kept on the same subtitle line: coordination con-
structions (sentential conjunctions such as and and negative constructions with
not); subordination constructions (clauses introduced by the conjunction that);
if-structures and comparative constructions (clauses preceded by the conjunc-
tion than). In a ground-breaking study, d’Ydewalle et al (1987) focused on the
famous ‘six-second rule, which holds that the optimal duration for subtitle dis-
play is 6 seconds (also see Szarkowska & Bogucka 2019). Ghia (2012) tested the
different effects of literal and free translation strategy on the reading of subtitles
and declared that nonliteral translation raises the number of deflections in subtitle
reading. Deflections were “shifts to various message components typically occur-
ring in complex input environments like the multimodal one; more specifically,
they involve motion along a vertical dimension. In subtitled audiovisual input,
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deflections consist of further fixations on the subtitles after prior subtitle read-
ing and image watching” (Ghia 2012:171). Moran (2012) explored the impact of
linguistic factors on reading subtitles under the assumption that particular lexi-
cal choices can boost comprehension with positive mnemonic effects, which all
happen through increasing cognitive effort. The results showed higher process-
ing difficulties associated with low-frequency and low-cohesion subtitles. Krejtz
et al (2016) investigated the reading of function and content words in intralingual
and interlingual subtitles and found that the function words were given less visual
attention compared to the content words. Lang et al (2013) studied the effect of
badly synchronized subtitles on the gaze paths of television viewers through eye
tracking. They found that there was a significant relationship between subtitle
length and cognitive efforts invested by the viewers.

Despite the mentioned factors and difficulty of reading multi-semiotic texts,
subtitle reading is an automatic behavior (d’Ydewalle et al 1991), and it takes place
as subtitles begin to show up on screen. d’Ydewalle & Gielen (1992) believe that
this automatic behavior seems to be true regardless of age, sex and translation
method of subtitling. As d’Ydewalle et al (1991) state, that there is no evidence
suggesting that reading subtitles includes the failure to understand the sound and
image at the same time. As a result, “when people watch television, the distrib-
ution of attention between different channels of information turns out to be an
effortless process. Viewers seem to have developed a strategy that allows them to
process these channels without problems and in which reading the subtitles occu-
pies a major place” (d’Ydewalle & Gielen 1992, p. 425).

2.2 Subtitle length and line number

The number of lines has always been an important technicality in subtitling,
which can influence the time and speed of reading (Lautenbacher 2012). The gen-
eral rule is if a short subtitle fits into a single line, it should not be broken into two
lines (Diaz Cintas & Remael 2007). If all information can be placed in one line,
there is no need for the viewers’ eyes to travel from one line to the next. Yet, if
the subtitles are placed on the center, for aesthetic reasons, some subtitling com-
panies in cinema prefer to have two short lines of equal length rather than one
very long line (Diaz Cintas & Remael 2007: 86). For them, the maximum number
of characters per line means 39 or 40 characters including spaces. One-line sub-
titles are usually broken into two separate lines when the one-line subtitle is very
long (more than 36-40). This break facilitates the understanding of syntax and/or
intonation.

d’Ydewalle et al (1991) showed that the attention given to reading subtitles
was significantly greater in two-liners compared with one-liners. Reading two-
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line subtitles was also found to be more regular than reading one-line subtitles
(d'Ydewalle & De Bruycker 2007). Regular reading of subtitles for them involves
fewer subtitles skipped, relatively more time spent in subtitle, higher word fixation
probability while irregular reading includes more subtitles skipped, fewer fixa-
tions, longer latencies. Caffrey (2012) measured attention allocation to one-line
and two-line pop-up gloss and solo subtitles. The results reflected the same find-
ings of d’Ydewalle et al (1991) and d’Ydewalle & De Bruycker (2007) with the
exception of mean fixation duration which was higher for one-line subtitles,
where fixation duration denotes the length of time, usually in milliseconds, for a
fixation or group of fixations. For Caffrey (2012), subtitle line number was equal
to subtitle length since the one-line subtitles were shorter than two-line subtitlers.
Another study on the difference of the perception and preferences for two-line
and three-line subtitles showed that three-line subtitles induced greater cognitive
load (Szarkowska & Gerber 2019). Similar to the previous studies (e.g., d’ Ydewalle
& De Bruycker 2007; d’Ydewalle et al 1991), the subtitles with three lines were
lengthier than the two-line subtitles.

Before drawing any conclusion from these findings, it should be noted that in
all of the mentioned studies, the two-line subtitles included more characters com-
pared to the one-line subtitles, and line number was not the only influential vari-
able in those studies. Therefore, it can be assumed that viewers read one-liners
more rapidly since they intuitively feel there is less time available for reading the
shorter subtitle. Yet, as per two-liners, the audience can take their time because
they know the longer subtitle will stay for a longer time (see Szarkowska & Gerber
2019). The audience can differentiate between subtitles with various display time,
which is known as ‘length expectation hypothesis’ (d"Ydewalle et al 1987). Fur-
thermore, the audience may spend more time as they return from the end of the
first line to the beginning of the second one, i.e., return sweeps. These interfer-
ences lead to more ‘corrective eye movements’ and more time given to two-line
subtitles (d’ Ydewalle & Gielen 1992).

The third reason is the informational value of the subtitles compared to
the moving image as a significant factor in determining the processing time
(Szarkowska & Gerber 2019). Short one-liners information is often redundant to
the information in the picture. By contrast, the information two-liners provide is
less redundant with the information provided by the visual and verbal informa-
tion (d’Ydewalle & De Bruycker 2007). The example d’Ydewalle & De Bruycker
(2007) give is a short one-line sentence like Get out of here! It is relatively easier
to understand, given the verbal and visual cues (raging tone, mad face, pointing
at the door, etc.). However, for longer sentences such as get out of this town, before
I call the police!, viewers may not rely wholly on pictorial and auditory informa-
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tion. The meanings of such long sentences are very dependent on the subtitle and
require more attention.

It is perhaps safe to say that the mentioned studies on subtitle line number
focused on subtitle length as well, and this could play an interfering role in
measuring the impact of line number on reading difficulty and perception. For
instance, one of the eye measures used in these studies is the number of skipped
subtitles (see d’Ydewalle & De Bruycker 2007; Caffrey 2012). They reported that
two-line subtitles were less often skipped compared to one-line subtitles. There is
a very good probability that viewers do not skip a two-line subtitle that is more
informative and longer than at least 32-36 characters, unless the viewers are tired
or uninterested. On the other hand, one-liners, which are shorter than 32 charac-
ters and even redundant with the information present in the moving image, are
more likely to be skipped. This may not be due to subtitle line number, but it
might be caused by difference in subtitle length. It therefore appears that subtitle
length is an important factor in the results of the mentioned studies on subtitle
line number.

An increase in characters and subtitle length is believed to be associated with
an increase in attention attributed to subtitles (d’Ydewalle & Gielen 1992; Lang
et al 2013). This means that viewers need to pay more attention to subtitles when
they expand in length. Caffrey (2012) showed that subtitle length is an important
factor with significant effect on subtitle reading process. Shorter subtitles tended
to be skipped more often compared to long subtitles. This meant that either the
viewers were less sensitive to the presence of shorter subtitles, or that they read
them through their peripheral vision. On the other hand, it is improbable that
a long subtitle goes unnoticed. More attention given to longer subtitles could be
explained by what was earlier referred to as the ‘length-expectation hypothesis’
(d'Ydewalle & Gielen 1992). According to this hypothesis, shorter subtitles are
read more rapidly because viewers may think subtitle display time relies on the
subtitle length. However, for longer subtitles, viewers are aware that the longer
subtitles will stay on the screen for a longer time, and therefore they will spend
more time on reading the subtitle. Perego et al (2016) showed that attention allot-
ted to subtitles, to a great extent, relied on the degree of linguistic complexity.
More complexity resulted in more time spent on reading the subtitles, and a key
factor of linguistic complexity was mean sentence length, word length and word
frequency. On the other hand, Moran (2012) showed that viewers read longer and
more explicit subtitles faster and more effectively. For Moran, character number
is not the only factor determining the reading difficulty as the author believes that
longer subtitles may be read more quickly compared to shorter subtitles provided
that the increase in length means that more cohesive devices have been added.
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This study aims at measuring the impact of subtitle length and line number
on four eye movement measures: fixation duration, fixation number, regression
and subject hit count. It was hypothesized that subtitle length may increase all of
the mentioned measures as markers of attention allocation. On the other hand,
line number was hypothesized to have no impact on the said markers of attention
allocation.

3. Method

3.1 Research design

The study uses mixed methods triangulation design by combining eye tracking
(quantitative data) and retrospective interviews (qualitative data) to understand
how subtitle line number and length may affect the reading process and how view-
ers think of these two elements. The independent variables were subtitle length
and line number, and the dependent variable was attention allocation as mani-
fested in four eye movement measures: fixation duration, fixation number, regres-
sion and subject hit count, as defined as follows:

- Fixation duration: This is the time of a specific fixation. Longer fixations
mean more time spent on understanding an AOI and that means the more
complicated it is to read (Andrychowicz-Trojanowska 2018).

- Fixation number or fixation count refers to the number of times a viewer fix-
ates on a particular spot and it signifies one’s cognition level (Andrychowicz-
Trojanowska 2018).

- Regressions or else known as revisits are a transition to a point that has already
been fixated on. Regressions are the second (or more than the 2nd) fixa-
tion on the previously viewed spot. In particular, they are the overall fixa-
tion number on a particular point minus 1 (i.e., minus the very first fixation)
(Andrychowicz-Trojanowska 2018)

- Subject hit count, otherwise known as hit ratio, is the information (counts
and/or percentage) that shows the number of participants who looked at least
once at a particular area of interest. It is the number of participants that
looked at a particular spot. Subject hit count also suggests which points are
dismissed (Andrychowicz-Trojanowska 2018).

3.2 Participants

Forty students, studying at Ferdowsi University of Mashhad (17 males and 23
females), were invited to take part in the experiment. They were given course
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credits for participating in the research. With an average age of 19.55 years
(SD=1.12), the participants were Persian native speakers with normal or
corrected-to-normal vision. None of them knew French. It was a relevant variable
to control since French was the language of the stimuli (i.e., French-language film)
used in this study. None of the participants had watched the film before taking
part in this experiment. The data of one male and seven female participants were
discarded due to the low quality. The quality refers to how properly the partici-
pants eye movements recorded. For some of the participants, the gaze cursor was
way off the screen and therefore they were discarded due to low quality. Finally,
the data of 32 participants were used (16 males and 16 females).

3.3 Stimuli

Two versions of a short segment (1 min 45 s) with Persian subtitles were used,
which was purposefully chosen from the French-language film A Prophet (Jacques
Audiard 2009). Version A had 9 two-line subtitles while version B had 9 one-
line subtitles yet exactly with the same number of characters. In other words, the
comparison between the one and two-line subtitles was done on the same text
split differently. In the same segment, 18 subtitles were long in version A, and
18 were short in version B (see Table 2). The short and long subtitles were dis-
tinct from the one-line and two-line subtitles, and had the same line number. The
long and short subtitles in the two versions were identically timed. The subtitles
were the translations of exactly the same source content, but version B had more
condensed compared to version A. There w no significant omissions in the short
subtitles. All versions conformed to the established criteria for character number,
synchronization, line break (for the two-subtitle subtitles) and presentation dura-
tion. Tables 1-3 show the descriptive details of subtitles used in this study.

Table 2. Characteristics of the segments used in the study

Number of two-line subtitles (version A) 9
Number of one-line subtitles (version B) 9
Number of long subtitles (Version A) 18
Number of short subtitles (Version B) 18
Segment duration 1 min 45 s
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Table 1. One-line and two-line subtitles

Version B (Two-line

Version A (one-line subtitles) subtitles)

1 aslyy s plad o gl auaSs Sl i o S Sl i pagds
(Gloss: I have heard you have a 4-year sentence. It is a long by s ple) oo 4 gly
time for a youth.

2 Sooler pogs il (S5l s0 wdiblxo (o S 50 S8 - RLC
(Gloss: You think you can last here without a bodyguard?) Il o5 e dibloa oy

fosle pogs

3 s B35 e 93 B9 o oS Jludlie 33e 9l 3oy S Jluilea 330 ol
(Gloss: The man you saw yesterday while taking a shower) S B8 e gy By

4 Y] Sy &mbpfa_:ﬂpuc P)'Ib.ﬁéogl .)|_9>’9A Pj]bﬁéogl
(Gloss: He just wants me to talk to him) s By Sysaa by @S @

5 S 055 eyl oS @iaS ey WS 5L S S g U 4Ly S
(Gloss: I told you once before, you should not look at me) S oS o b oS

6 i g ol @ sy g Sy Sou i oS R i S g S R
(Gloss: Try to get close to him and then make friends with i Cangs galaly 0o sey g
him)

7 S Ul @S e SaS ey @ Lo g pyl3 el Dilgs Eld i Dilg
(Gloss: We won't leave you alone, and we will also help you do S 0SS g pales
it. &\ ialadl
(Gloss: Now that you are a part this, if you don’t kill him, I CadS e pags 2S5 gigl &SI
will kill

9 353 sl Olas @Bge 4y &S uly CBlya s Sl Bl s
(Gloss: Be really careful not to talk anywhere) 3L 58 il Olao 2850 4y oS

3.4 Eyetracking apparatus and eye movement measures

SMI eyetracking glasses with a sampling rate 60 Hz were used to record the eye
movements. The eye movements were recorded using iView software and were
analyzed by SMI BeGaze. The four eye movement measures including fixation
duration, fixation number, regression and subject hit count were considered and
examined. Fixation duration is the time when eyes fixate on a particular AOL
Longer fixations mean more attention allotted to an area of interest (AOI), indi-
cating that it is more complicated to read (Just & Carpenter 1980). Fixation num-
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Table 3. Long and short subtitles

B (short
A (long subtitles) B (short subtitles) No A (long subtitles)  subtitles)
L o olsan b 10 Sas oy, cl b Sy
Gloss: Come with me Gloss: Come Gloss: Why should I~ Gloss: Why?
do this?
fadls win feaw 11 esdiSy 03158 [y DSy 03133
Gloss: How old are you?  Gloss: Your age? oS uidg oS Uido
$aSa yolaz. dalls 03393 Sygkaz.0339s Gloss: Because you  Gloss: You are
Gloss: I am nineteen years ~ Gloss: Nineteen, are supposed to kill  supposed to kill
old, how come? why? him. Let him go. him. Let him go
o5 0y aln. 4S5 o5 910 oS oS gy maley. 12 5 S g Lo
oS 555 055 gua Gloss: Come closer  Gloss: Come
oS o0& g Gloss: Look at the
Gloss: Don't look at me... ~ person next to me,
look at the person next to don’t look at me
me, don’t look at me
05 L)l @ @S e 2 S 0 piylSay 13 ool Ss3s Ly ool Sy
Gloss: I will try to do Gloss: I will do Gloss: Come close Gloss: Close to
something about it. something about it. to him him
Sales oo o2 e )l e fules o > 14 alongedl@ias e g0 pigase
EaS cdrbloe W3l @algsea. O3l @alss o slay  Gloss: I know
Gloss: What do you want @S cdidlona Gloss: I know you ~ youcan
from me? We want to Gloss: What want can do it.
protect you. from me? We want
to protect you.
S0 B> gy e fgsly e 15 P93 Sz 4y ol Gsly wgs Ll
@3 By paly oyl oyl aaly Gsly anly
Gloss: Can you speak Gloss: Do you Gloss: But Gloss: But
Arabic? Yes, I can speak.  know Arabic? Yes remember one thing remember well
well.
Sl QJIMI solab Stslids 0 16 S PES S
Gloss: Are you familiar Gloss: Do you 39 s
with it? know him? Gloss: Very well, go  Gloss: Well
T3l sles a2 ol e Sslgs 0 > 17 § sisagd > S gisagd
Gloss: What does he want ~ Gloss: What does Gloss: Now, did you  Gloss: Did you
from you? he want? getit? getit?
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B (short
A (long subtitles) B (short subtitles) No A (long subtitles)  subtitles)
9 i o a3l ples e I3 Ol 93 18 9y S @il o aSy pal igl e
Gloss: I want you togoto  Gloss: Go to him ©aSy  Gloss: Can't kill
him again. Gloss: I can'’t kill a person

anybody

ber or fixation count refers to the number of times a viewer fixates on a particular
AO], and this shows cognition effort (Andrychowicz-Trojanowska 2018). Regres-
sions or also known as revisits are transitions to a point that has already been
fixated on. Regressions happen when a viewer makes a saccade in the opposite
direction to the direction of reading, and fixates on a word that has already been
fixated on. In particular, they are the overall fixation number on a particular
point minus one, i.e., minus the very first fixation (Andrychowicz-Trojanowska
2018). Subject hit count, otherwise known as hit ratio, is the information (number
or percentage) that shows the number of participants who looked at least once
at a particular AOI. Subject hit count also suggests which areas are skipped
(Andrychowicz-Trojanowska 2018).

The participants had a 60-cm distance from a 15” monitor in a sufficiently
lighted room. After performing a three-point calibration to validate the correct
detection of eye movements, the participants’ eye movements were recorded by
the eye tracker and iView software. During the recording phase, an eyetracking
expert supervised the entire data collection. The AOIs were defined, and the eye-
tracking measures were extracted by using BeGaze software and through seman-
tic gaze mapping which required for eye tracking glasses. Finally, a few minutes
after the eyetracking phase, the interviews with the participants were run and
recorded by an audio recorder for analysis. In the interviews, the participants
were first asked if they had noticed any difference between the two versions. In
other words, we were curious if they had even noticed the difference in length and
line number, which they did. Then, we asked for their opinion about the versions
and which one they prefer.

3.5 Research variables

There were two sets of dependent and independent variables in this study. The
independent variables were the subtitles line number and length, and on the other
hand, the dependent variables were four eye tracking measures (fixation duration,
fixation number, regression and subject hit count) and interview responses of the
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participants. The comprehension test served more as an inclusioncriteria, thus the
scores of the comprehension test were not assumed as the research variable.

3.6 Procedure

Before the experiment, the study procedures were explained to them, yet the exact
purpose was not revealed. The eyetracking was not over-explained since it could
make them too conscious of their eye movements (Pernice & Nielsen 2009). Each
participant signed a written consent to take part in the study. The experiment took
place at the Motor Behavior Lab of the Faculty of Physical Education at Ferdowsi
University of Mashhad. After the experiment, five multiple-choice comprehension
questions were given to the participants to answer. The answers to the compre-
hension test were meant to show if the participants had understood the subtitles
content. The questions only addressed the subtitles (not the information solely
given by the visual). Those who answered all of the 5 questions correctly were
included in the study.

The participants were given two minutes while wearing the eyetracking glass
in order to become accustomed to the condition of the experiment. After the main
phase of the experiment and the comprehension test, All of the participants were
invited to participate in a retrospective semi-structured interview to share their
views on the difficulties and challenges they faced while reading the subtitles.

4. Results

4.1 Eyetracking experiment

The results of the eyetracking experiment showed that there was a significant
difference between attention allocation to one-line and two-line subtitles with
regard to two of the eye movement measures. Fixation duration and fixation num-
ber were significantly higher when viewing one-line subtitles, suggesting more
attention allotted while reading one-line subtitles compared with two-line subti-
tles of equal length. On the other hand, two of the measures (fixation duration
and fixation number) showed that the lengthier subtitles received more atten-
tion compared to the shorter subtitles with the same line number. This suggests
more attention allocation while reading subtitles greater in length—see Table 4. A
paired sample ¢-test was used on IBM SPSS for every eyetracking measure.
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4.1.1 Subtitle line number

Table 4 shows the eyetracking measures for the one-line and two-line subtitles.
The results showed a significant difference (p=0.035, #(8) =2.5) with a large effect
size (Es=0.847) between attention allocation to one-line (M=60,830 ms,
SD=10,688 ms) and two-line subtitles (M =55,517 ms, SD=8,499 ms). The total
fixation duration for reading one-line subtitles was significantly longer compared
to the fixation duration of two-line subtitles. The number of fixations also showed
that the viewers gazed at the one-line subtitles more frequently. The mean fixation
number for the one-line subtitles was 296.8 (SD=39.8) while the mean fixation
number for the two-line subtitles was 287.7 (SD=42.2). According to the paired t-
test results, the difference between fixation number for one-line and two-line sub-
titles was significant (p=0.026, t(31) =2.7) with a large effect size.

The results showed that there was no significant difference between the
regression number of one-line (M=10.8, SD=4.9) and two-line (M=10.3,
SD=2.8) subtitles (p=0.6, t(8) =0.4). The regression number for the one-line sub-
titles was higher compared to the two-line subtitles, yet the difference was not sta-
tistically significant. There was no difference between subject hit count in reading
one-line (M=99.6%, SD=1.34%) and two-line subtitles (M=99.6%, SD=1.34%)
(p=1,t(8)=0.00). This means that an average of 0.4% skipped the subtitles of both
versions.

Table 4. Eyetracking measures for the one-line and two-line subtitles

Eye movement measure Lines SD M T Df p Es

Total fixation durations (ms) 1 10,688 60,830 2.5 8 0.035 0.847
2 8,499 55,517

Fixation number 1 39.8 296.8 2.7 8 0.026 0.911
2 42.2 287.7

Regression 1 4.9 10.8 0.4 8 0.6 0.125
2 2.8 10.3

Subject hit count 1 1 99.6 0.000 8 1 0.000
2 1 99.6

4.1.2  Subtitle length

Table 5 shows the eyetracking measures for the short and long subtitles. The
results of the f-test showed that there was a significant difference (p=o.012,
t(17)=2.7) with a large effect size (Es=0.659) in attention allocation to longer
(M=30,971.51 ms, SD=11,974 ms) and shorter (M=25,728 ms, SD=9,524.16 ms)
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subtitles. Regardless of line number, the total fixation duration for reading shorter
subtitles was significantly lower compared to the total fixation duration for read-
ing longer subtitles.

The mean fixation number for the longer subtitles was 151.6 (SD=63) while
the mean fixation number of shorter subtitles was 101 (SD =58.9). The paired t-test
results showed that the difference between fixation number for longer and shorter
subtitles was significant (p<oo1, #(17)=6.3) with the effect size of 1.4. Therefore,
the participants more frequently gazed at the longer subtitles, which shows the
more attention given to them.

Table 5. Eyetracking measures for short and long subtitles

Eye movement measure Lines SD M T Df 4 Es

Total fixation duration (ms) Short 9,524 25,728 2.7 17 0.012 0.659
Long 11,974 30,971

Fixation number Short 58.9 101 6.3 17 <0.001 1.4
Long 63 151.6

Regression Short 5.8 6.4 0.268 17  0.792 0.068
Long 8.1 6.7

Subject hit count Short 9.05 95.2 1.5 17 0.133 0.379
Long 3.1 98.5

The results showed that there was no significant difference between the longer
(M=6.7, SD=8.1) and shorter (M=6.4, SD=5.8) subtitles in terms of regression
(p=0.792, t(17) =0.268). However, the mean regression for the shorter subtitles
was slightly lower compared to that of the longer subtitles. Table 5 shows the
regression mean for the shorter and longer subtitles as well as the paired f-test
results. The number of participants who looked at least once at the long subtitles
(M=98.5%, SD=3.1%) was larger than the number of those who viewed the short
subtitles (M = 95.2%, SD=9.05%). However, no significant difference was observed
between subject hit count in short and long subtitles (p=0.133, t(17) =1.5).

4.2 Semi-structured interviews

4.2.1 Subtitle line number

The majority (25 participants, 78.1%) of the participants favored two-line over
one-line subtitles. Some participants believed that it was very likely to read the
two lines at the same time while reading two-line subtitles. One of the participants
stated that his ‘eyes can read both lines at the same time’ (participant 18). Some
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also believed that reading one-line subtitles was time-consuming. For instance,
participant 11 stated that reading the words of a whole sentence in a row is very
hard, but one could keep an eye on the second line as they are reading the first.
This proclaimed parafoveal reading of the second line may happen in the partic-
ipants’ peripheral vision. One participant believed that since the lines are shorter
in two-line subtitles, such subtitles are easier to read: ‘I like two-line subtitles
more because it has shorter lines, and they can be understood more easily in one
glance. I can read both lines at the same time’ (participant 15). Participant 11 stated
that he preferred the two-line subtitles simply because he was used to reading
such subtitles while watching foreign subtitled films: ‘T am more used to reading
two-line subtitles. They are faster to read’ (participant 2). Some participants stated
that they used the time between reading the two lines for more concentration:
‘when I finish the first line, I can stop for a short while, and it gives me an oppor-
tunity to concentrate’ (participant 19).

On the other hand, a few participants also favored one-line subtitles (7 par-
ticipants, 21.9%). They thought the time between reading the two lines distracted
them and made them forget the content of the first line: ‘I like one-line subtitles
better because there is a time between reading the first and second line, which
makes me forget the content of the first line’ (participant 9). The major reason,
however, was the confusion caused by reading the words of the bottom line while
reading the top line and vice versa: ‘one-line subtitles are better because I may
confuse the words on the top and bottom line while reading two-line subtitles. I
also read them faster’ (participant 10). ‘One-line subtitles are better because you
don’t confuse the two lines. You easily read the words one after another’ (partic-
ipant 13). They believed reading one-line subtitles needed easier mental scheme.
They only had to move their eye linearly, which made the one-line subtitles ‘easier
to follow’ (participant 24).

4.2.2 Subtitle line length

28 participants (87.5%) preferred the shorter sentence with the exception of a few
viewers (22.3%) who were interested in getting maximum information. This is in
agreement with the results of our eyetracking experiment where fixation duration
and fixation number were higher for longer subtitles, suggesting greater cognitive
load imposed on the viewers. Some also preferred subtitles that are neither long
nor short: ‘I like the subtitle to be short, but not too short because I need to get
adequate information’ (participant 11).
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5. Discussion

This study attempted to investigate the effect of subtitle length and line number
on viewer’s allocation of visual attention through measuring four eye movement
measures: fixation duration, fixation number, regression and subject hit count.
According to the research hypotheses, subtitle length may increase all of the men-
tioned measures. Yet, line number was hypothesized to have no effect on the men-
tioned eye measures. The findings showed that for line number, the hypothesis
was partly confirmed. Furthermore, the total fixation duration for reading one-
line subtitles was significantly longer compared to the fixation duration of two-
line subtitles. The number of fixations also showed that the viewers gazed at the
one-line subtitles more frequently. The mean fixation number for the one-line
subtitles was 296.8 (SD=39.8) while the mean fixation number for the two-line
subtitles was 287.7 (SD=42.2). According to the paired t-test results, the differ-
ence between fixation number for one-line and two-line subtitles was significant
(p=0.026, t(31) =2.7) with a large effect size.

The results showed that there was no significant difference between the
regression number of one-line (M=10.8, SD=4.9) and two-line (M=10.3,
SD=2.8) subtitles (p=0.6, {(8) =0.4). The regression number for the one-line sub-
titles was higher compared to the two-line subtitles, yet the difference was not sta-
tistically significant. There was no difference between subject hit count in reading
one-line (M=99.6%, SD=1.34%) and two-line subtitles (M=99.6%, SD=1.34%)
(p=1,t(8) =0.00). This means that an average of 0.4% skipped the subtitles of both
versions. As for the subtitle length, the mentioned hypothesis held true (except for
regression). There was a significant difference in attention allocation to length-
ier and shorter subtitles. Regardless of line number, the total fixation duration
for reading shorter subtitles was significantly lower compared to the total fixation
duration for reading longer subtitles. The results also showed that the difference
between fixation number for longer and shorter subtitles was significant. There-
fore, the participants more frequently gazed at the longer subtitles, which shows
the more attention given to them. However, no significant difference was observed
between subject hit count in short and long subtitles.

The finding that more attention is allotted to one-line subtitles in this study
is in conflict with the findings of the majority of previous studies on the subject
(d’Ydewalle et al 1991; Praet et al 1990; d’Ydewalle & De Bruycker 2007; Caffrey
2012; Szarkowska & Gerber 2019), which found that the attention allocated to sub-
titles with a higher number of lines was significantly greater compared with sub-
titles with fewer lines. They assigned this finding to the length expectation effect,
the subtitle informational value and the presence of lateral interference between
the two lines (d’Ydewalle & De Bruycker 2007, p.674). They believe that viewers
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prefer to read one-line subtitles since they can go through the reading faster as the
viewers intuitively think they have less time to read the subtitle. However, as per
two-line subtitles, viewers take their time because they assume the subtitle will
remain on the screen for a longer period of time. d’Ydewalle et al (1987) provided
evidence that subtitle viewers were able to distinguish between subtitles with dif-
ferent display time which they called this length expectation hypothesis. The sec-
ond reason refers to the informational value of the subtitle in comparison with the
film’s visual information as an important factor in determining the subtitle pro-
cessing time. Short one-liners information is often redundant to the information
in the picture. On the contrary, two-line subtitles provide more information that
is not present in the film image and is less redundant with the visual and verbal
information (d’Ydewalle & De Bruycker 2007). The meanings of such long sen-
tences considerably rely on the subtitle information, and this ends in more atten-
tion allocated to them. Furthermore, a two-line subtitle will lead to more lateral
interference and it is possible that the reading of two-line subtitles is more dif-
ficult to initiate with the first word on the first line (d’Ydewalle & De Bruycker
2007). In addition, viewers may spend more time as they need to make return
sweeps from the end of the first line to the beginning of the second. These inter-
ferences from the two lines lead to more ‘corrective eye movements” and therefore
more time allotted to two-line subtitles (d’Ydewalle & Gielen 1992). The opinion
of some of the viewers in our study also acknolwedged that the existence of two
lines confused them. They also stated that there is a time slot between finishing
the first line and starting the second one, which made them forget the content of
the first line. That is why some of the participants stated that following one-line
subtitles was much easier than two-line subtitles. Although the third reason could
be a reasonable argument, the first two reasons may not hold true when one-line
and two-line subtitles have equal length. One has to be careful that length expec-
tation effect and information value difference may rely on the subtitle length, not
the subtitle line number. Therefore, it could be argued that the length of the subti-
tle could affect the eye movement measures regardless of number of lines. In other
words, when subtitles are different both in length and line number, it is not reli-
able to assign differences in eye movement measures to either of the two variables,
and instead, research should address each variable separately. That was why the
impact of length on subtitle reading was measured separately in the current study.

The results of reading short and long subtitles were in line with the wide-
spread tendency to use reduction and condensation or omission in making sub-
titles because of the little time viewers have to read the subtitles and watch the
moving image (Moran 2012). Although Abdi & Khoshsaligheh (2018) showed that
too brief subtitles which relied on the redundancy of information in the visual
content were dismissed by the viewers who complained about a feeling that some-
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thing is missing in the abridged subtitles. Szarkowska & Bogucka (2019) also
found that more text condensation leads to lower comprehension of subtitles. It
is believed that increase in characters and subtitle length concurs with a rise in
attention to subtitles which means that the viewers need to give more attention to
subtitles when they expand in length (d’Ydewalle & Gielen 1992). According to the
results of the eyetracking experiment, there was a significant difference between
attention allocation to longer and shorter subtitles. The mean fixation duration
and fixation number for reading shorter subtitles were significantly lower com-
pared to the longer subtitles. This indicated significantly more attention allocation
to the subtitles with longer sentences. The results of the retrospective interviews
showed that the majority preferred subtitles with shorter sentence because they
had more time to attend the moving image. This is in line with the previous
studies (d’Ydewalle & Gielen 1992; Cafirey 2012) that found subtitle length is
an important factor with a significant impact on subtitle reading. However, in
the previous studies, longer subtitles meant subtitles with two lines, and shorter
ones had one line (Caffrey 2012; d'Ydewalle & Gielen 1992). This was also true
about d’Ydewalle & De Bruycker’s (2007) research. As previously mentioned,
more attention paid to longer subtitles could be explained by “length-expectation
hypothesis” (d’Ydewalle & Gielen 1992). The hypothesis holds that viewers tend
to read shorter subtitles faster because they think they have less time to read the
subtitle. However, for longer subtitles, viewers know the subtitle will remain on
the screen for a longer period of time, and they thus will be able to spend more
time on reading the subtitle. Attention allotted to subtitles largely depends on the
degree of complexity. More complexity results in more time spent on reading the
subtitles. One of the factors of linguistic complexity is average sentence length
(Perego et al 2016).

6. Conclusion

This study provided further examination of visual attention allocation to subtitles
in terms of line number and length. The findings suggested more attention allot-
ted to reading of one-line and shorter subtitles. The responses to the retrospective
interviews also indicated that the participants favored short over longer subtitle.
The majority of the participants also favored two-line subtitles. The findings of
this study may benefit subtitling trainers and practitioners by keeping in mind
how subtitle line number and length may affect the reading of subtitles. However,
the results reported in this study should be considered in the light of the following
limitations. The first limitation concerns the eyetracking device used in this study.
The researcher had access to eyetracking glasses with the speed of 60 Hz, and it
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was not possible to use a device with greater precision although the same device
(or devices with more tracking speed) has been successfully used by a number
of renowned studies (see, for instance, Moran 2012). Due to the cost of using the
eyetracker, we used 32 participants. A more comprehensive research could use a
greater number of participants to increase the generalizability of the findings. For
the same reason, the video excerpts did not exceed 2 minutes. However, longer
scenes could be analyzed in the future studies. Another limitation in this study
was the lack of prior research on Persian subtitles using eye tracking, leaving us
with scant background information in the context of Iran.

For triangulation purposes, only retrospective interviews were used in data
elicitation for understanding the viewers’ cognition and attention allocation, and
other instruments such as EEG, ERP, etc. were not used in this study. The study
only focused on crime/drama and comedy genre, and other genres were not a
focus of this study. The eye metrics used in this study were delimited to fixation
duration, fixation number, first fixation duration, subject hit count, regressions
(quantitative) and heatmaps (qualitative). A future study can use other eye met-
rics including pupil dilation, dwell time, etc. Given the split in two-line subtitles,
future research could measure how this disruption can affect the reading process
of viewers.
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