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This article reports the first eye-movement experiment to examine how the presence versus 

absence of concurrent video content and presentation speed affect the reading of subtitles.  

Results indicated that participants adapted their visual routines to examine video content 

while simultaneously prioritizing the reading of subtitles, especially when the latter was 

displayed only briefly.  Although decisions about when and where to move the eyes largely 

remained under local (cognitive) control, this control was also modulated by global task 

demands, suggesting an integration of local and global eye-movement control.  The 

theoretical and pedagogical implications of these findings are discussed, and we also briefly 

describe a new theoretical framework for understanding all forms of multimodal reading, 

including the reading of subtitles in video.  
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Engaging in even brief intervals of reading can impede—sometimes with catastrophic 

consequences—the performance of other visual-cognitive tasks, even if those tasks are highly 

automated (e.g., driving; Drews, Yazdani, Godfrey, Cooper, & Strayer, 2009).  Although 

many factors make reading cognitively demanding, one reason is that the high-acuity vision 

necessary to identify words is limited to the central 2° of visual angle, a region called the 

fovea.  This restricts the perception of the fine details required to identify words to a small 

region in central vision (Rayner & Morrison, 1981).  But this restriction not only reflects 

visual acuity: attention is a limited “resource” that also delimits processing as evidenced, for 

example, by the fact that the perceptual span, or region of effective lexical processing, is 

asymmetrical, extending further to the right in languages read left to right (e.g., English) and 

further to the left in languages read from right to left (e.g., Hebrew; Pollatsek, Bolozky, Well, 

& Rayner, 1981).  Because the perceptual span is limited to just a few words near the center 

of vision (see Rayner, 1998), reading almost per definition should interfere with any 

secondary task involving the acquisition of complex visual information (e.g., identifying 

driving hazards). 

Although the example of reading while driving is less interesting because the 

consequences of performing these two tasks concurrently are obvious, an example that 

warrants investigation is the reading of subtitles in educational videos.  This example is 

interesting because, if one extrapolates from what was previously said about adverse effects 

of reading while performing secondary visual-cognitive tasks, then subtitle reading is 

seemingly paradoxical because students and less-skilled readers are routinely expected to 

learn by reading subtitles embedded in videos that are intended to supplement the meaning of 

those videos.  The qualifier “seemingly” is necessary because the use of subtitles has been 

shown to have other benefits (cf., Gernsbacher, 2015).  For example, they are often used to 

provide deaf and hard-of-hearing audiences with access to audiovisual content, or to 
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minimize language barriers for those watching videos in a foreign language (Díaz Cintas, & 

Remael, 2007; Kruger & Doherty, 2016).  

Other available evidence that subtitles actually support comprehension is also 

somewhat mixed.  For example, Perego, Del Missier, and Stragá (2018) found that, although 

the comprehension of a moderately complex film was facilitated by either subtitling or 

dubbing, dubbing facilitated the comprehension of a complex film more than subtitling.  Such 

interactions may reflect a variety of factors related to the complexity of subtitle reading, 

including the fact that subtitles may selectively enhance the saliency of different narrative 

elements in the film (Kruger, 2012), as well as reading proficiency and how this modulates 

readers’ reliance upon subtitles (Kruger & Steyn, 2014).  It is also important to note that the 

benefit of subtitles for video comprehension is seemingly at odds with the central claim of the 

redundancy principle—that allocating attention to multiple sources of information should 

reduce comprehension (see Diao & Sweller, 2007; Kalyuga & Sweller, 2005).  This is, for 

example, supported by Lin, Lee, and Robertson (2011) who found that reading with the video 

playing in the background decreased reading comprehension accuracy.  And the degree of 

reduction was modulated by the demand (the video content being tested versus not) and the 

content (comedy versus news report) of the video. 

Because of this mixed evidence, the first goal of the present eye-movement 

experiment was to investigate the consequences of reading subtitles embedded within video 

by examining how two variables, the presence versus absence of a concurrent background 

video, and subtitle speed, influence on- and off-line measures of text comprehension.  

Although a considerable amount has been learned about the mental processes engaged by the 

reading of static text (Rayner, 1998), less is known about how those processes are 

coordinated with those needed to understand video content, with arguably nothing, for 
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example, being known about how readers adapt their eye movements to read subtitles while 

extracting information from a video. 

Our second goal was to examine possible compensatory strategies that readers might 

adopt to maintain their comprehension—strategies that might involve adjusting basic 

saccadic-programming parameters (see Cutter, Drieghe, & Liversedge, 2017, 2018), but that 

might also entail using sophisticated heuristics to rapidly extract the gist of a text’s meaning 

from a fairly impoverished “sample” of text (e.g., more skipping of words and/or fewer 

regressions).  Our study provides an opportunity to examine the emergence of such text-

skimming strategies among skilled readers in an ecologically valid and pedagogically 

important setting—the reading of subtitles in documentary videos. 

Our method also goes beyond previous studies of subtitle reading, however, by 

examining several on-line markers of linguistic processing.  For example, because longer 

words tend to be the recipients of more, longer fixations than shorter words, this word-length 

effect is a marker of visual and/or early lexical processing (Rayner, Sereno, & Raney, 1996).  

Similarly, the word-frequency effect is an index of lexical processing: high-frequency words 

tend to be the recipients of fewer, shorter fixations than low-frequency words (e.g., Reingold, 

Reichle, Glaholt, & Sheridan, 2012; Rayner, Ashby, Pollatsek, & Reichle, 2004).  And 

similarly, the wrap-up effect is an index of post-lexical integration: fixations at the ends of 

clauses and sentences tend to be inflated as the linguistic representations of those units are 

converted into propositional representations (e.g., Rayner, Sereno, Morris, Schmauder, & 

Clifton, 1989; Warren, White, & Reichle, 2009).   

By examining whether word-frequency and wrap-up effects are modulated by video 

content or subtitle speed, we stand to understand the degree to which the decisions about 

when and where to move the eyes during reading are under local control, or modulated by 

on-going lexical and post-lexical processing (e.g., Engbert, Nuthmann, Richter, & Kliegl, 
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2005; Reichle, Pollatsek, Fisher, & Rayner, 1998), versus global control, or parameters that 

control the overall rate at which the eyes progress through the text (e.g., Feng, 2006; Yang, 

2006).  Although neither type of control is sufficient to explain readers’ eye movements (see 

Reingold et al., 2012), our study provides an opportunity to examine how increasing task 

demands (e.g., by adding video and increasing subtitle speed) might affect the balance 

between the two control mechanisms. 

For example, one might predict that, with increasing subtitle speeds, readers will 

adopt “visual routines” (Ullman, 1984) that correspond to skimming, with fewer, shorter 

fixations, more word skipping and therefore longer saccades to rapidly understand the subtitle 

gist.  (Such a strategy would also allow more time to view the video.)  This behavior might 

be marked by attenuated word-length and frequency effects due to the overall shortening of 

fixations, as well as an absence of wrap-up effects due to the failure to integrate the meanings 

of phrases or sentences into memory.  Such a pattern would also suggest a transition from 

local control, wherein fixations durations reflect the processing difficulty associated with 

words, clauses, and sentences, to more global control, where the “rhyme” of the eyes reflects 

overall task difficulty. 

Our manipulation of subtitle speed likewise provides a means to examine how the 

concurrent viewing of video influences subtitle reading when they are visible for different 

intervals of time.  Although subtitle speed might be expected to markedly affect how 

participants process the text and video, remarkably little is known about the influence of 

subtitle speed.  For example, educators have often adopted conventions from movie industry 

standards, such as limiting subtitle presentation to some fixed average rate (e.g., 12 characters 
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per second, cps)1.  There is very little evidence, however, supporting this convention (cf., 

d’Ydewalle, Rensbergen & Pollet, 1987; Diaz-Cintas & Remael, 2007). 

A recent eye-tracking study by Szarkowska and Gerber-Morón (2018) suggests that 

viewers can process faster subtitles (at an average of 20 cps) and still understand the video 

content.  But the inclusion of soundtrack and the use of text condensation as a way to 

manipulate subtitle speed in their experiments mean that any definite conclusion should be 

treated with caution because numerous parameters were conflated (cf., Szarkowska, Krejtz, 

Pilipczuk, Dutka, & Kruger, 2016).   

The lack of consensus about which subtitle speed provides the best support for 

comprehension has resulted in divergent recommendations.  For example, Romero-Fresco 

(2009) refers to various guidelines in the UK, Europe, North America, and Australia, where 

recommendations range from 12 to 18 cps, with the US being an outlier at a maximum of 20 

cps.  In the UK, most broadcasters and user groups adopt a rate of 15 cps.  Szarkowska and 

Bogucka (2019) note that the standard subtitle rate for TED Talks is less than 22 cps, while 

Netflix uses a standard average rate of 17 cps for its international audience.  Although this 

range of recommendations suggests that readers might be flexible, there has been little work 

examining how these different presentation rates affect on- or off-line measures of 

comprehension, as measured, for example, using patterns of eye movements during reading 

and questions that explicitly measure a reader’s understanding of the subtitles and/or video 

content.  To the best of our knowledge, the present study is the first attempt to do exactly 

that. 

Method 

Design   

 
1 This convention is referred to as the “six-second rule” because it allows two lines of 37 characters to remain 
visible on the screen for 6 seconds.  
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This eye-tracking experiment used a 2 (video: present, absent) × 3 (subtitle speed: 12 

cps, 20 cps, 28 cps) within-participant design.  The six conditions were counterbalanced via a 

Latin-square design, so that each participant encountered all conditions in a randomized order 

but read a given set of subtitles only once.  

Participants  

Thirty-one native English speakers with normal or corrected-to-normal vision were 

recruited as participants (aged 18-36 years; 6 males).  Participants gave informed consent and 

were given course credit or a gift voucher. 

Stimuli   

Six self-contained video clips from the BBC documentary series Planet Earth 

(Fothergill, 2006) were used as stimuli, with soundtracks being removed from all video clips 

to eliminate the influence of audio-input on subtitle reading.  It was also necessary to remove 

audio-input so that it would not be asynchronous with the subtitles (the rate of which was 

manipulated).  As shown in Table 1, subtitles in all video clips were comparable in terms of 

their total number of lines and words, and readability (i.e., Flesch Reading Ease score; 

Graesser et al., 2014).  As Figure 1 shows, in the video-present condition, videos were 

presented at the center of the screen and the subtitles were presented below the videos to 

minimize overlap and interference between the text and video; in the video-absent condition, 

the subtitles were displayed in the same manner as in video-present condition (e.g., position, 

time onset, etc.). 

 

Table 1 & Figure 1 

 

Subtitle rate was edited using the Aegisub subtitle-editing software 

(www.aegisub.org).  For each video, three sets of subtitles were created separately for three 
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speed conditions.  Subtitles were first rendered for the 12 cps speed (i.e., the slowest 

presentation rate) with this rate being incrementally increased to render the faster speeds (i.e., 

20 and 28 cps).  For example, a subtitle with 37 characters would be displayed for 

approximately 3 seconds at 12 cps, 1.8 seconds at 20 cps, and 1.3 seconds at 28 cps.  All 

subtitles were presented one line at a time and contained an average of 42.6 characters (min. 

= 27, max. = 59).  There was a minimum of 2-4 frames (67-133 ms) between subtitles, even 

at the slowest presentation rate.  And when a sentence was distributed across more than one 

subtitle, the gap between subtitles was a maximum of 15 frames (500 ms) to avoid subtitle 

“overlay” (Karamitroglou, 1998).  Subtitles did not remain visible across scene changes, and 

very few remained visible across shot changes2.  If they did, they began at least 15 frames 

before the shot change and stayed on a minimum of 15 frames after the shot change.  

Critically, the subtitles were edited so that the onset of each subtitle was synchronized across 

all conditions.  Finally, after each video, eight three-alternative comprehension questions 

derived from subtitles were presented to participants.   

Apparatus   

Participants’ eye movements were recorded by an EyeLink 1000+ (SR Research Ltd., 

Canada) eye-tracker with a 2,000-Hz sampling rate.  Stimuli were displayed on a BenQ 

Zowie XL2540 screen with a 240-Hz refresh rate and a screen resolution of 1,920 × 1,080 

pixels.  Videos were presented at the center of the screen with a resolution of 1,440 × 810, 

and subtitles were presented below the video in 30-point Courier New font (RGB color of 

255, 255, 102).  Participants were seated 95 cm from the screen so that each letter subtended 

~0.4° of visual angle.  A chin-and-forehead rest was also used to minimize head movements.  

Although viewing was binocular, only the right eye was tracked. 

 
2 Subtitling guidelines recommend that subtitles should not be displayed on the screen across scene changes 
because this may cause the viewer to re-read the subtitle (Díaz Cintas, & Remael, 2007; Robson, 2004).  
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Procedure   

All data were collected individually.  Prior to the experiment, participants were 

instructed to watch the videos and/or read the subtitles for comprehension, and to answer the 

comprehension questions after each video.  Although participants were informed that the 

videos would be absent during some trials, they were not instructed to pay particular attention 

to the subtitle. 

A nine-point calibration and validation were conducted prior to watching each video.  

The maximum calibration error was 0.5° to ensure tracking accuracy.  To minimize fatigue, 

participants were given a 5-minute break after every second video.  

Analyses   

To compare participants’ overall video watching and subtitle reading as a function of 

video presence/absence and subtitle speed, we report three global (based on the entire subtitle 

or video region) eye-movement measures: (1) mean fixation durations, or the mean duration 

of all fixations in a region; (2) mean saccade length, or the mean length of all the saccades (in 

character spaces) made within a region, irrespective of their direction; and (3) total number of 

fixations, or fixation count in a region during a given subtitle.  To examine shifts of attention 

between the subtitles and videos, we also report the (4) number of crossovers, or those 

saccades that move the eyes from subtitles to video (or vice versa).  Finally, to specifically 

examine the effects of word length, word frequency, and wrap up during subtitle reading, we 

also report three word-based measures: (5) gaze duration, or the sum of all first-pass fixations 

on a given word (i.e., from the very first fixation on a word, until the first saccade leaving the 

word in any directions); (6) total times, or the sum of all the fixations on a word; and (7) the 

probability of skipping a word. 

The comprehension and eye-movement data were analyzed using Generalized/Linear 

Mixed Models (G/LMMs) via the lme4 package (version 1.1-23) in R (version 3.6.3).  For all 
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the global-level analyses, video presence/absence and subtitle speed were treated as fixed 

factors, with participants and subtitle-items treated as random effects.  For the analyses of 

word frequency and length, the frequency and length of each word, the two experimental 

factors, and their interactions were included as fixed factors.  These analyses excluded the 

first and last words in the subtitles to avoid any disruption caused by the sudden onset or 

termination of reading.  For the analyses of wrap up, word position (i.e., whether or not 

words were located at the ends of subtitles, excluding the first words in the subtitles), the two 

experimental conditions, and their interactions were treated as fixed factors.  For all word-

based analyses, participants and word-items were treated as random effects, with frequency 

and length being entered into the models as continuous variables (centered and scaled 

values), and with contrasts of all other categorical factors set up using the contr.sdif function 

to compare the means of each pair of consecutive levels of a variable (e.g., 20-12 cps and 28-

20 cps for subtitle speed).  

For all models, we started with the maximum random-effect structure specifying 

intercepts and slopes for fixed factors, and their interactions across both participants and 

items3.  The “trimming” of the appropriate random-effect structure then follows the 

Parsimonious Mixed Model approach (Bates, Kliegle, Vasishth, & Baayen, 2015).  Only 

significant results are reported for brevity.  Finally, the emmeans package (version 1.4.7) in R 

was used to compute the contrasts and extract the estimated means between any two 

conditions.   

 
3 Here are example models using a maximized random-effect structure for: (1) global analyses: DV ~ Video 
Presence * Subtitle Speed + (Video Presence * Subtitle Speed | Participants) + (Video Presence * Subtitle Speed 
| Subtitles); (2) frequency and length analyses: DV ~ Video Presence * Subtitle Speed * Frequency * Length + 
(Video Presence * Subtitle Speed * Frequency * Length | Participants) + (Video Presence * Subtitle Speed | 
Words); and (3) wrap-up effect analyses: DV ~ Video Presence * Subtitle Speed * Word Position + (Video 
Presence * Subtitle Speed * Word Position | Participants) + (Video Presence * Subtitle Speed | Words).  
Because the six video clips were all selected from the Planet Earth series and thus comparable, a single random 
effect variable was coded for each combination of video and subtitles in our global analyses (assuming no 
inherent video-subtitle hierarchy), and for each combination of video, subtitles, and words in our word-based 
analyses.  
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Results 

Comprehension 

 Comprehension accuracy was above chance (0.33), ranging from 0.44 to 0.94 (M = 

0.70) across participants.  Figure 2 shows that comprehension improved with the presentation 

of video (z = 2.98, p < 0.005), but declined as subtitle speed increased from 12 to 28 cps (z = 

-2.91, p = 0.01).  Although this latter finding was expected (cf., Rayner, Schotter, Masson, 

Potter, & Treiman, 2016), the finding that video enhanced comprehension was surprising 

because it contradicts findings that attending to multiple sources of information can reduce 

comprehension (Diao & Sweller, 2007; Kalyuga & Sweller, 2005).  There was also an 

interaction between video presence/absence and the 20 versus 28 cps subtitle speeds (z = -

1.87, p = 0.062), with video improving comprehension at 20 cps (z = -3.32, p < 0.05) but not 

at 28 cps (z = -0.77, p > 0.05). 

 

Figure 2 

 

Global Analyses of Subtitle and Video Regions 

For our analyses of eye-movement measures, two participants whose fixations drifted 

away from the subtitles were excluded, as were six participants whose comprehension 

accuracy was less than 0.40 for two of six videos4.  A re-analysis of comprehension accuracy 

from the remaining 23 participants showed that video presence improved comprehension (z = 

2.24, p < 0.05), but the effect of subtitle speed on comprehension was no longer significant 

(zs > -1.30, ps > 0.05).  Fixations shorter than 60 ms or longer than 800 ms were excluded 

from these analyses, resulting in a loss of 6.5% of the total data. 

 
4 The mean across-condition accuracies of these six participants were all above 0.4, suggesting that the by-
condition accuracy of less than 0.4 was due to our video-presence and subtitle-speed manipulations.  However, 
to ensure that our eye-movement data obtained was representative of equally engaged reading and 
comprehension across our conditions, these participants’ data were removed from our eye-movement analyses. 
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Table 2 & Figure 3  

 

 Mean fixation durations.  Table 2 and Figure 3A show that, with video content, 

mean fixations were longer in the video than subtitle regions (M = 223 vs. 189 ms), 

indicating that participants engaged with the video. 

 

Table 3 

 

As Table 3 shows, fixations were shorter in the subtitle region in the presence of 

video and with increasing subtitle speed.  The interactions between these two factors indicate 

a more pronounced effect of subtitle speed without video content (ts > 1.90).  As Table 3 also 

shows, fixations in the video region were longer with video content but decreased with 

subtitle speed.  Interactions between these two factors indicate that: (1) with video content, 

fixations decreased incrementally with increasing subtitle speed (ts < -7.85, p < 0.001); and 

(2) although participants occasionally looked at the blank video region, these fixations were 

not affected by subtitle speed. 

  Mean saccade length.  As Table 2 and Figure 3B show, participants made longer 

saccades when watching the video (i.e., engaging in a non-reading task) than reading.  With 

video, mean saccade lengths were 3.2 and 4.0 degrees of visual angle in the subtitle and video 

regions, respectively.  

 In contrast to what was observed with the fixation-duration measures, saccade lengths 

within the subtitle region were not affected by the presence/absence of video, but were 

similarly affected by subtitle speed, increasing from 20 cps to 28 cps.  Within the video 
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region, saccades were longer with video than without, increasing with subtitle speed (i.e., 

from 12 to 20 cps).   

Total number of fixations.  Table 2 and Figure 3C show that on average, more 

fixations were made on the subtitles than video region (M = 7.4 vs. 1.3, respectively), even in 

the presence of video content (M = 6.8 vs. 2.1).  

As Table 3 shows, fewer fixations were made in the subtitle region with concurrent 

video content and with the increasing subtitle speed.  Interactions between subtitle speed and 

video presence/absence indicate that, although subtitle speed affected the number of fixations 

in both video conditions (ts <- 12.01, ps < 0.001), the effect was more pronounced without 

video.  As Table 3 also shows, there was a reduction in the number of fixations in the video 

region in the absence of video and with faster subtitles.  Interactions between these two 

factors indicate fewer fixations on the video with increasing subtitle speed with video content 

(both ts < -11.65, ps < 0.001).  

It is worth noting that, in our analyses, the total number of fixations naturally declines 

with faster subtitle speeds because the subtitles are visible for shorter time intervals.  

Therefore, as a “sanity check,” we also analyzed the total number of fixations within an equal 

length time window across three speed conditions (i.e., from the onset of one subtitle until the 

onset of the next).  The pattern of results within the subtitle region replicated our findings 

with subtitle-based time window, with fewer fixations with concurrent video content and with 

increasing subtitle speed (ts < -2.22, ps < 0.05).  However, there were more fixations in the 

video region with increasing subtitle speeds (ts > 2.02, ps < 0.053), suggesting that viewers 

tended to look at the videos more often to compensate their comprehension after the briefly 

displayed subtitles disappeared. 

 Number of crossovers.  As Figure 3D and Table 3 show, the number of “crossover” 

saccades between subtitle and video regions increased with video content and decreased with 
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subtitle speed.  Interactions between these two factors showed that the effect of subtitle speed 

was only evident with concurrent video content (both ts < -12.06, ps < 0.001). 

Local Analyses of Subtitle Reading   

Word-frequency and length effects   

Gaze durations and total times are reported for word-length and frequency effects as 

gaze durations reflect relatively early stages of lexical processing, whereas total times reflect 

relatively late stages of lexical integration, including regressions back to words (Rayner, 

1998).   

Gaze durations.  As Table 4 shows, main effects of all four fixed-factors were 

observed: gaze durations increased with increasing word length (consistent with findings on 

the reading of static text as well as that of Krejtz, Szarkowska and Łogińska, 2016, on subtitle 

reading), decreasing word frequency, with slower subtitle speed, and without concurrent 

video.  A Length × Frequency × Video interaction was observed, and pair-wise contrasts 

showed the Length × Frequency interaction was only significant when video was absent (see 

also Fig. 4A).  Without video, the word-frequency effect increased with increasing word 

length, and the word-length effect increased as words became infrequent; however, with 

video, the frequency and length effects were evident but did not interact.  

 

Table 4 & Figure 4 

 

Total times.  Word-length and frequency effects and main effects of both 

experimental factors were observed, with total-times increasing with increasing length, 

decreasing frequency, decreasing subtitle-speed, and the absence of video.  The frequency of 

fixated words interacted with the video presence/absence.  As Figure 4B shows, although the 

frequency effect was evident in both video conditions (ts < -7.79, ps < 0.001), it was more 
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pronounced with video (t = -2.20, p < 0.05).  The word-frequency effect was also modulated 

by subtitle speed, with effect size increasing as subtitle speed decreased from 20 cps to 12 

cps.  Similarly, there were also Length × Video and Length × Speed (20-12 cps and 28-20 

cps) interactions because the length effect was reduced with video and faster subtitles.  

Moreover, a Length × Frequency interaction was also observed, with the frequency effect 

being larger for longer words; however, this interaction was not modulated by video 

presence/absence or subtitle speed.  Finally, video presence/absence and subtitle speed also 

interacted; pair-wise comparisons showed that, although an effect of speed was evident in 

both video conditions (all ts < -10.03, ps < 0.001), it was larger without video.  

 

Table 5 & Figure 5 

 

Wrap-up effects   

 Total times.  As Table 5 and Figure 5A show, main effects of subtle speed 

and video presence/absence were observed, but not a main effect of word location5.  

However, the Location × Video × Speed interactions were observed.  Pair-wise comparisons 

revealed Location × Speed interactions in both video condition (ts < - 4.12, ps < 0.001), being 

more pronounced without than with video content.  Specifically, when video was present, a 

reversed wrap-up effect (i.e., reduced total times on words at the end of the sentences) was 

observed at both 20 cps and 28 cps (both ts < -3.02, ps < 0.06); when video was absent, the 

reversed wrap-up effect was only observed at 28 cps (t < -3.46, ps < 0.05) but not at 20 cps.  

 
5 Wrap-up effects are typically examined by comparing eye-movement measures on specific target words from 
two positions within a sentence or clause: their middle vs. end.  This method allows one to control other 
properties of the target words (e.g., their frequency).  However, because our study used real video subtitles, this 
method of calculating wrap-up effects was not possible and so we instead simply compared our two eye-
movement measures on words from the middles versus endings of the same subtitles, with their average zipf 
frequencies being 5.4 versus 4.6, respectively, and their average lengths being 4.9 versus 5.9 letters, 
respectively. 
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Finally, a normal wrap-up effect was observed at 12 cps (t = 7.28, p < 0.001) without video 

content.  

  To determine if the reversed wrap-up effects in the fast subtitle speed conditions were 

associated with high skipping rates at the ends of subtitles, we also included the skipping 

probability measure in our analyses of wrap-up effects. 

Skipping probability.  As Table 5 and Figure 5B show, main effects of the video 

presence/absence and subtitle speed were both observed, with overall higher skipping rate on 

words when subtitles were fast, and video was present.  However, these main effects were 

modulated by two two-way interactions: Location × Video and Location × Speed.  Pair-wise 

contrasts between location and video presence/absence showed that subtitle-ending words 

were skipped more often with video content than without (z = 15.11, p < 0.001); however, the 

mid-subtitle words exhibited an opposite pattern, being skipped less often when video was 

present than absent (z  = -4.97, p < 0.001).  The contrasts between location and subtitle speed 

show that subtitle-final words were skipped more often with increasing subtitle speed (both 

ts > 13.61, ps < 0.001), whereas the skipping rate for mid-subtitle words was lowest at 20 cps 

and highest at 28cps (all |t|s > 4.91, ps < 0.001). 

General Discussion 

Our results have fairly obvious pedagogical implications and important theoretical 

implications for our basic understanding of the mental processes engaged by the reading of 

subtitles.  For example, our global analyses indicate that participants are sensitive to gross 

changes in the task demands that result from reading subtitles in the presence of concurrent 

video content, as well as our manipulated range of subtitle speeds (i.e., 12 to 28 cps).  

Perhaps less intuitive is that participants’ comprehension of the subtitles benefited from the 

presence of concurrent video content, contrary to what might be predicted from the 

redundancy principle (Diao & Sweller, 2007; Kalyuga & Sweller, 2005)—that allocating 
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attention to two redundant sources of information degrades the capacity to understand the 

contents of either.  Although we have no evidence beyond our subjective impressions that our 

subtitles and videos actually contained redundant information, the fact that our materials were 

from a well-known documentary series guarantees that they are representative of materials 

used in classrooms, which mitigates any concerns about the generality of our findings or the 

validity of the pedagogical inference that might reasonably be made—that adding videos to 

text (subtitles) can enhance comprehension. 

If one accepts this claim, then how does the addition of video content influence 

scanning heuristics that readers use to maintain comprehension?  And how are these 

heuristics modulated by subtitle speed?  The eye-movement record provides tentative 

answers to these questions.  For example, our global analyses show that, with concurrent 

video content, readers spend more time examining that content.  This behavior likely reflects 

participants’ interest in the video, and perhaps the strategic use of its content to supplement 

subtitle comprehension.  However, this complex behavior was also modulated by subtitle 

speed; as speed increased, the text remained visible for shorter intervals of time, causing 

participants to prioritize subtitle reading as evidenced by less time looking at the video and 

fewer crossover saccades. 

This adaptive behavior is sophisticated because the moment-to-moment “decisions” 

about when and where to look reflect the interrelated nature of the subtitle and video content, 

as well as the timing constraints imposed by the delivery of the subtitles.  But despite its 

complexity, this behavior exhibits consistency in that the effects of our two main factors, 

video presence/absence and subtitle speed, were reliable and robust.  One might therefore 

better understand the mental operations guiding these behaviors—and reading more 

generally—by understanding how subtitle reading was affected by our two manipulations. 
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For example, as discussed previously, the bulk of the evidence regarding eye-

movement control in reading is consistent with the assumption that “decisions” about when 

and where to move the eyes are under local control, being mainly determined by properties of 

the words and higher-level language processing within a limited perceptual span (Reingold et 

al., 2012; see also Rayner, 1998).  Our analyses of word-length, word-frequency, and 

sentence wrap-up effects support this supposition; during subtitle reading, our eye-movement 

measures were affected by properties of the words and sentences being processed.  However, 

the magnitudes of the word-length and frequency effects were modulated by the presence of 

concurrent video and subtitle speed.  This suggests that, although eye movements are affected 

by local processing difficulty, they are also modulated by the global constraints imposed by 

limited availability of the subtitles.  In other words, as time available to read the subtitles 

decreased (due to the presence of video or increased subtitle speed), our participants spent 

less time fixating individual words, perhaps by employing some type of maximal “deadline” 

for moving the eyes (Morrison, 1984).  The resulting reduction in the range of fixation 

durations attenuated any modulating effects of variables that normally influence the local 

control of fixation durations—variables such as word frequency and whether or not a word 

occurs at the end of a sentence.  

The best evidence for this “overlay” of global and local eye-movement control is 

related to saccade lengths (Fig. 3B) and word-skipping probabilities (Fig. 5B).  As subtitle 

speed increased from 12 cps to 20 cps, participants spent less time fixating individual words, 

reducing the time available for parafoveal processing of upcoming words and thereby 

reducing word skipping but not affecting mean saccade length.  However, as subtitle speed 

further increased from 20 cps to 28 cps, the time available for parafoveal processing was 

further reduced, but with an increase in both word skipping and saccade length.  These 

increases likely reflect a shift away from the use of local, word-based decisions about 
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whether or not to skip an upcoming word towards the use of more global heuristics to, for 

example, skip short words but fixate long words.  In the most demanding condition (i.e., 

concurrent video with a 28 cps presentation rate), these more global decisions to skip words 

produced a reverse wrap-up effect (see Fig. 5B), with more skipping of words at the ends of 

sentences. 

Our findings therefore show that, although video with subtitles can enhance 

comprehension and likely the overall viewing experience, this entails the adaptation of the 

normal eye-movement routines used during the reading of static texts.  The two most 

important of these adaptations are: (1) the prioritization of subtitle reading at the expense of 

video content, and (2) a shifting from local (cognitive) eye-movement control towards 

heuristics informed by global task constraints (e.g., subtitles speeds). 

Our finding that video with subtitles can enhance comprehension also provides a few 

tentative clues about the architecture of the perceptual and cognitive systems that are engaged 

by a variety of multimodal reading situations in which the reading of text is to some degree 

supported by concurrent video and/or audio input.  Figure 6 shows a multimodal integrated-

language framework that can account for our current findings.  This framework is congruent 

with a fully implemented computational model of reading (Reichle, 2020) but includes 

pathways affording both non-text-based input from the visual modality (e.g., video content) 

and verbal input from the auditory modality.  As related to our current study, a key 

assumption of this framework is that a pre-attentive stage of visual processing allows the 

locations of a small number of objects that have been identified from the video to be 

simultaneously tracked (Pylyshyn, 2004; Pylyshyn & Storm, 1988), although this capacity 

may be reduced in the context of viewing a film because the elements being tracked are not 

homogeneous (e.g., see Horowitz et al., 2007).  This then allows those objects to be co-
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referenced with the propositional content of the situation model that is being constructed 

from the subtitles within working memory.   

 

Figure 6 

 

As illustrated in Figure 6, the co-referencing of identified objects and propositions in 

working memory allows the watching of a video to sidestep an inherent limitation of 

attention: its serial allocation for feature “binding” (Treisman & Gelade, 1980) as required to 

identify individual words (Reichle, Liversedge, Pollatsek, & Rayner, 2009; Reichle & 

Schotter, 2020) and objects (Wolfe, 1994; Zelinsky, 2008).  Because each new word and 

object that is introduced on the screen must be identified one at a time, the capacity to track 

previously identified objects allows the person watching the video to continue to read the 

subtitles, and thereby exploit any redundancies that might exist between the subtitles and the 

video.  For example, in watching a video about a mother polar bear exiting her den, the prior 

identification and tracking of an image of a female polar bear would likely facilitate the rapid 

identification of the words co-referencing the polar bear, such as “she” or “her,” even under 

suboptimal viewing conditions (e.g., from a short or distant fixation).  The dual encoding and 

representation of visual and verbal content is of course also broadly compatible with Pavio’s 

(1971) classic dual-coding theory, and consistent with this theory, our framework naturally 

predicts a benefit (e.g., improved recall accuracy) for information represented in both 

modalities. 

Although the framework depicted in Figure 6 has not been fully implemented, we 

contend that it is well enough specified to make predictions about aspects of video watching 

that are likely to require task switching (e.g., the serial identification of new words and 

objects) versus dual tasking (e.g., the identification of new words or objects in conjunction 
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with the simultaneous tracking of previously identified objects).  The framework provides a 

plausible account of a key finding of our current study—the fact that the presence of 

concurrent video content facilitated comprehension even when the subtitles were rapidly 

displayed, conditions that should have arguably reduced comprehension due to attention 

being allocated to two seemingly competing sources of information (Diao & Sweller, 2007; 

Kalyuga & Sweller, 2005).     

Finally, although our findings are admittedly preliminary, we believe enough has been 

learned for us to offer a practical recommendation related to the presentation rate of subtitles 

that may be of particular interest in the context of instructional videos, where the subtitles 

carry a significant proportion of the information.  Our study shows that readers adopt text-

skimming routines with concurrent video and rapid subtitle speeds.  This change from local, 

cognitive control of eye movements towards more global control (dictated by an increase in 

task demands) therefore results in a more superficial processing of the subtitles.  For that 

reason, presentation rates below 20 cps will be preferable because they allow for reading 

behavior that is closer to the reading of static text, with the accompanying preview benefits 

and more thorough lexical processing (as evidenced, e.g., by more pronounced word-

frequency effects).  The most compelling evidence for this recommendation is perhaps that 

the word-skipping rates at the end of subtitles increased significantly at 20 cps, even with the 

relatively uncomplicated visuals of a wildlife documentary.  This suggests that the viewers do 

not have enough time to read all of the text with faster subtitles, or that those subtitles are 

processed only superficially.  It therefore stands to reason that the reading of rapidly 

displayed subtitles would be even more compromised with poor readers, or with variable 

subtitle speeds where the overall reading rate has to be constantly adjusted.  Of course, these 

predictions have to be investigated in a future study.      

Limitations and Conclusions 
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 Our study investigated how readers adapt their visual routines in response to 

increasing task demands resulting from concurrent video content and increased subtitle 

speed.  By examining eye-movement “markers” of lexical processing (i.e., word-frequency 

effects) and higher-level language processing (i.e., sentence wrap-up effects), our study 

demonstrates that eye movements are under both local (cognitive) and global (determined by 

task constraints) control, thereby advancing our understanding of eye-movement control 

during reading in multimodal settings.    

Despite its significant theoretical and practical implications, our study has several 

limitations that must be addressed in future research.  First, text comprehension was 

measured in a relatively superficial manner, using only eight multiple-choice questions 

related to the subtitles.  Second, although the stimuli used in the present study were 

comparable in terms of their general properties, the degree of content overlap between 

subtitles and video contents was not considered; a follow-up experiment is thus being 

conducted to investigate the effects of information congruency on subtitle reading.  Finally, 

the absence of audio in the experiment, although justifiable in the interest of experimental 

control, means that more work is needed to investigate the interaction of auditory and visual 

input on subtitle reading in the context of a multimodal integrated language framework as 

proposed in this article. 
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Table 1. Characteristics of the video clips and their subtitles. 

Video Clip Duration (mins) Number of 
Subtitles 

Number of 
Words 

Coh-Metrix 
Readability Scores 

From Pole to Pole 9.14 80 681 86.61 

Mountains 9.01 81 638 77.10 

Deserts 9.26 82 648 78.43 

Ice Worlds 9.38 82 636 78.32 

Great Plains 9.50 84 633 78.63 

Shallow Seas 10.01 81 607 76.56 
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Table 2.  Means and standard deviations of global eye-movement measures when subtitles 

are on the screen. 

Video 
Presence 

 

Subtitle 
Speed 

 

Mean Fixation 
Durations (ms) 

Mean Saccade 
Length  

(in degrees) 

Total Number of 
Fixations 

Number of 
Crossovers 

Subtitle 
Region 

Video 
Region 

Subtitle 
Region 

Video 
Region 

Subtitle 
Region 

Video 
Region 

Subtitle/ 
Video 

Absent 12 cps 227 (39) 166 (68) 3.1 (2.3) 3.0 (2.7) 10.8 (2.7) 0.4 (0.6) 1.2 (0.4) 
Absent 20 cps 213 (36) 162 (56) 3.1 (2.0) 3.4 (2.7) 7.4 (1.8) 0.5 (0.7) 1.1 (0.4) 
Absent 28 cps 192 (34) 163 (56) 3.3 (2.0) 3.1 (2.5) 5.6 (1.4) 0.5 (0.6) 1.1 (0.3) 
Present 12 cps 195 (34) 263 (90) 3.1 (1.9) 3.6 (2.6) 8.7 (2.9) 3.3 (2.0) 2.1 (1.1) 
Present 20 cps 191 (36) 214 (81) 3.1 (1.7) 4.0 (2.8) 6.6 (2.0) 1.8 (1.1) 1.5 (0.7) 
Present 28 cps 181 (33) 191 (78) 3.3 (1.8) 4.3 (2.9) 5.2 (1.4) 1.3 (0.7) 1.2 (0.5) 

 

 

  



 

 32 

Table 3. The LMMs results for the global analyses of subtitles and videos. 

Measures Contrasts 
Viewing on Subtitles Viewing on Videos 

b SE t p b SE t p 

Average 

Fixation 

Durations 

Intercept 5.28 0.01 407.44 < 0.001 5.18 0.02 257.37 < 0.001 

Video (Present-Absent) -0.11 0.01 -10.32 < 0.001 0.30 0.02 15.46 < 0.001 

Speed (20-12 cps) -0.05 0.01 -5.71 < 0.001 -0.11 0.02 -5.53 < 0.001 

Speed (28-20 cps) -0.08 0.01 -9.16 < 0.001 -0.06 0.01 -4.55 < 0.001 

Video × Speed (20-12 cps) 0.04 0.02 2.53 0.020 -0.22 0.02 -9.31 < 0.001 

Video × Speed (28-20 cps) 0.05 0.01 3.23 < 0.001 -0.11 0.02 -4.96 < 0.001 

Saccade 

Length 

Intercept 0.99 0.04 26.98 < 0.001 0.97 0.04 23.06 < 0.001 

Video (Present-Absent) 0.02 0.02 1.24 0.228 0.31 0.07 4.33 < 0.001 

Speed (20-12 cps) 0.02 0.01 1.82 0.084 0.11 0.05 2.15 0.034 

Speed (28-20 cps) 0.07 0.01 7.17 < 0.001 0.01 0.05 0.13 0.892 

Video × Speed (20-12 cps) 0.00 0.01 -0.23 0.822 0.00 0.09 -0.04 0.977 

Video × Speed (28-20 cps) -0.02 0.01 -1.48 0.140 0.07 0.09 0.78 0.431 

Total 

Number of 

Fixations 

Intercept 7.41 0.14 51.80 < 0.001 1.32 0.05 24.52 < 0.001 

Video (Present-Absent) -1.11 0.13 -8.69 < 0.001 1.68 0.11 15.14 < 0.001 

Speed (20-12 cps) -2.73 0.16 -17.49 < 0.001 -0.65 0.06 -10.47 < 0.001 

Speed (28-20 cps) -1.61 0.07 -23.18 < 0.001 -0.29 0.04 -7.05 < 0.001 

Video × Speed (20-12 cps) 1.25 0.16 8.03 < 0.001 -1.64 0.05 -34.52 < 0.001 

Video × Speed (28-20 cps) 0.39 0.11 3.57 0.003 -0.52 0.05 -11.02 < 0.001 

Number of 

Crossovers 

Intercept 1.36 0.03 47.01 < 0.001     

Video (Present-Absent) 0.48 0.06 8.51 < 0.001     

Speed (20-12 cps) -0.32 0.02 -14.94 < 0.001     

Speed (28-20 cps) -0.16 0.02 -7.73 < 0.001     

Video × Speed (20-12 cps) -0.56 0.04 -13.16 < 0.001     

Video × Speed (28-20 cps) -0.25 0.04 -6.33 < 0.001     

Note. Bold font indicates |t| > 1.96.
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Table 4. The LMMs results for word-frequency and word-length effects. 

Measures Contrasts Estimate Std. Error t value p value 

Gaze 
Durations 

(Intercept) 5.30 0.02 255.466 < 0.001 

Freq. -0.05 0.01 -7.44 < 0.001 

Len. 0.06 0.01 6.65 < 0.001 

Speed (20-12cps) -0.02 0.01 -2.17 0.030 

Speed (28-20cps) -0.08 0.01 -5.83 < 0.001 

Video (Present-Absent) -0.08 0.01 -5.60 < 0.001 

Freq. × Len. -0.02 0.00 -5.48 < 0.001 

Freq. × Speed (20-12 cps) 0.00 0.01 0.20 0.843 

Freq. × Speed (28-20 cps) 0.01 0.01 0.84 0.403 

Freq. × Video (Present-Absent) 0.00 0.01 -0.17 0.867 

Len. × Speed (20-12 cps) -0.01 0.01 -1.54 0.125 

Len. × Speed (28-20 cps) 0.01 0.01 0.70 0.486 

Len. × Video (Present-Absent) -0.01 0.01 -0.68 0.495 

Speed (20-12 cps) × Video (Present-Absent) 0.02 0.01 1.66 0.097 

 Speed (28-20 cps) × Video (Present-Absent) 0.02 0.02 1.40 0.161 

 Freq. × Len. × Speed (20-12 cps) 0.01 0.01 1.52 0.128 

 Freq. × Len. × Speed (28-20 cps) 0.00 0.01 0.33 0.740 

 Freq. × Len. × Video (Present-Absent) 0.02 0.01 3.89 < 0.001 

Total 
Times 

(Intercept) 5.53 0.02 360.45 < 0.001 

Freq. -0.08 0.01 -9.89 < 0.001 

Len. 0.11 0.01 12.44 < 0.001 

Speed (20-12 cps) -0.24 0.01 -16.53 < 0.001 

Speed (28-20 cps) -0.17 0.01 -15.88 < 0.001 

Video (Present-Absent) -0.18 0.01 -26.08 < 0.001 

Freq. × Len. -0.02 0.00 -4.27 < 0.001 

Freq. × Speed (20-12 cps) 0.02 0.01 2.30 0.022 

Freq. × Speed (28-20 cps) 0.01 0.01 1.07 0.286 

Freq. × Video (Present-Absent) -0.02 0.01 -2.21 0.027 

Len. × Speed (20-12 cps) -0.04 0.01 -3.38 0.001 

Len. × Speed (28-20 cps) -0.02 0.01 -1.90 0.057 

Len. × Video (Present-Absent) -0.04 0.01 -4.80 < 0.001 

Speed (20-12 cps) × Video (Present-Absent) 0.15 0.02 8.92 < 0.001 

 Speed (28-20 cps) × Video (Present-Absent) 0.07 0.02 4.24 < 0.001 

 Freq. × Len. × Speed (20-12 cps) 0.00 0.01 0.15 0.883 

 Freq. × Len. × Speed (28-20 cps) 0.01 0.01 0.73 0.464 

Note. Bold font indicates |t| > 1.96.  Non-significant three- and four-way interactions were 
not listed for simplicity.
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Table 5. The LMMs results for wrap-up effects. 

Measures Contrasts Estimat
e Std. Error t/z value p value 

Total 
Times 

 

(Intercept) 5.47 0.02 246.54 < 0.001 

Location (End-Middle) -0.03 0.04 -0.67 0.509 

Speed (20-12 cps) -0.28 0.01 -22.80 < 0.001 

Speed (28-20 cps) -0.24 0.01 -23.79 < 0.001 

Video (Present-Absent) -0.25 0.02 -16.94 < 0.001 

Location (End-Middle) × Speed (20-12 cps) -0.16 0.02 -9.97 < 0.001 

Location (End-Middle) × Speed (28-20 cps) -0.16 0.02 -9.15 < 0.001 

Location (End-Middle) × Video (Present-Absent) -0.20 0.01 -13.97 < 0.001 

Speed (20-12 cps) × Video (Present-Absent) 0.15 0.02 9.80 < 0.001 

Speed (28-20 cps) × Video (Present-Absent) 0.12 0.02 6.79 < 0.001 

Location (End-Middle) × Speed (20-12 cps) × Video  0.11 0.03 3.50 < 0.001 

Location (End-Middle) × Speed (28-20 cps) × Video  0.11 0.03 3.09 0.002 

Skipping 
Probability 

 

(Intercept) -0.33 0.11 -2.99 0.003 

Location (End-Middle) -0.42 0.23 -1.83 0.068 

Speed (20-12 cps) 0.37 0.04 10.54 < 0.001 

Speed (28-20 cps) 0.66 0.03 19.38 < 0.001 

Video (Present-Absent) 0.37 0.04 8.31 < 0.001 

Location (End-Middle) × Speed (20-12 cps) 1.05 0.07 14.98 < 0.001 

Location (End-Middle) × Speed (28-20 cps) 0.77 0.07 11.24 < 0.001 

Location (End-Middle) × Video (Present-Absent) 1.13 0.05 20.87 < 0.001 

Speed (20-12 cps) × Video (Present-Absent) 0.04 0.07 0.54 0.586 

Speed (28-20 cps) × Video (Present-Absent) 0.21 0.06 3.24 0.001 

Location (End-Middle) × Speed (20-12 cps) × Video  -0.02 0.13 -0.19 0.853 

Location (End-Middle) × Speed (28-20 cps) × Video  0.13 0.13 1.03 0.305 

Note. Bold font indicates |t/z| > 1.96.  
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Figure 1.  An example of the stimuli used in the experiment, with video-absent condition at 
the top, and video-present condition at the bottom. 
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Figure 2.  Thirty-one participants’ comprehension accuracy as a function of video 
presence/absence and subtitle speed. 
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Figure 3.  Participants’ overall viewing behaviors as a function of video presence/absence 
and subtitle speed.  Panels A-C respectively show 23 participants’ average fixation durations, 
average saccade length, and total number of fixations on the subtitles and videos.  Panel D 
shows the number of crossovers between the subtitle and video regions as a function of video 
presence/absence and subtitle speed. 
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Figure 4.  The LMMs-adjusted word-length and word-frequency effects as a function of 
video presence/absence and subtitle speed, with gaze durations in Panel (A), and total times 
in Panel (B).  Word frequency is based on the Zipf scale in the SUBTLEX-UK word-
frequency corpus. 
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Figure 5.  The LMMs-adjusted wrap-up effects as a function of video presence/absence and 
subtitle speed, with total times in Panel (A), and skipping probability in Panel (B). 
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Figure 6.  Schematic diagram of the perceptual and cognitive processes that support 
multimodal reading (e.g., viewing a portion of subtitled film about a polar bear emerging 
from her den).  In this multimodal integrated language framework, the various systems that 
support processing are labelled, with those that afford the concurrent maintenance of multiple 
representations being rendered in grey.  Thus, the visual system can simultaneously track the 
locations of 4-5 visual “objects,” and working memory can maintain portions of the text base 
and the situation model being generated from both it and, e.g., the representations of 
previously identified objects.  Text comprehension is thus supported by concurrent video to 
the degree that the objects identified in the video facilitate the construction or maintenance of 
an accurate situation model.  For example, even a rapid skimming of the sentence will afford 
a complete understanding of the situation that is being described if both the polar bear and 
her den have been previously identified.  (The dotted arrow shows a possible pathway for 
verbal input from the auditory channel.) 
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