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ate and delayed (1 week) comprehension. Results revealed minimal costs incurred by
increasing video speed from 1x to 1.5x, or 2x speed, but performance declined
beyond 2x speed. We also compared learning outcomes after watching videos once
at 1x or twice at 2x speed. There was not an advantage to watching twice at 2x
speed but if participants watched the video again at 2x speed immediately before the
test, compared with watching once at 1x a week before the test, comprehension
improved. Thus, increasing the speed of videos (up to 2x) may be an efficient strat-
egy, especially if students use the time saved for additional studying or rewatching
the videos, but learners should do this additional studying shortly before an exam.

However, these trends may differ for videos with different speech rates, complexity
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1 | INTRODUCTION
The use of technology in the classroom and as a learning aid has
become ubiquitous, particularly during the COVID-19 pandemic
(Pokhrel & Chhetri, 2021; see also Belt & Lowenthal, 2021). Addition-
ally, even before the COVID-19 pandemic, many teachers and profes-
sors turned to asynchronous online classes to disseminate course
material (Barbour, 2013), with lecture videos being the foundation for
learning the material in these classes. Specifically, compared with
quizzes, assignments, discussions, and other course activities, students
spend the most time watching lecture videos (Breslow et al., 2013).
Thus, watching and remembering information from online lecture
videos is imperative for course performance and successful learning.
Although asynchronous online classes provide students with

the flexibility to choose when and how to learn the material,

The experiments reported in this article were formally preregistered and the stimuli, data, and
analysis code have been made available on the Open Science Framework here.

or difficulty, and audiovisual overlap.

comprehension, metacognition, online learning, video speed

self-regulating studying can be problematic for some students (see
Boekaerts, 1997; Panadero, 2017; Thiede & De Bruin, 2017; Wong
et al., 2019; see also Bjork et al., 2013). Specifically, without clearly
structured in-person classes, students may struggle to effectively
and efficiently allocate their study time and study choices (see
Zimmerman, 1989, 1990). For example, students who have less time
to devote to academia (e.g., working a part-time job, family obliga-
tions) may not allocate sufficient study time to their coursework, lead-
ing to impaired memory for to-be-learned material.

In addition to other obligations, students' study regulation may be
influenced by instruction pace, perception of the difficulty of the
material, and motivation to learn (Sinha et al., 2014). In light of these
influences to study regulation, asynchronous online lectures may
allow students to bolster their studying efficacy by allowing them to
customize when and how they watch pre-recorded lectures. Com-
pared with live lectures, students sometimes claim that their needs
are better satisfied when lectures are pre-recorded such that they can

learn and retain more of the information, find more time for other
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activities, manage stress, and stay focused (Cardall et al., 2008). Spe-
cifically, one way that students can conserve their time and cope with
the demands of online courses is by watching lectures at an increased
playback speed. By watching lectures at a faster speed, students can
study the same amount of material in a condensed amount of time,
giving them more time to allocate to other courses and activities.

Watching asynchronous lectures at a higher speed may be a use-
ful and efficient study strategy if it results in similar or better compre-
hension than when watching lectures at a normal speed; however,
there has been some disagreement regarding the effect of video
speed on comprehension. For example, some work has found that
increasing the speed of videos can preserve or even enhance compre-
hension (Lang et al, 2020; Nagahama & Morita, 2017; Wilson
et al., 2018) while others suggest that increased speed impairs com-
prehension (Foulke & Sticht, 1969; Song et al., 2018; Vemuri
et al., 2004). These disagreements may be the product of using limited
stimuli, measuring comprehension immediately after watching the
video (rather than a delayed test), allowing for note-taking and partici-
pant control of the videos (i.e., pausing, rewinding), using very short
video clips (i.e., 20 s), and small sample sizes.

Regardless of the veridical effect of video speed on comprehen-
sion, students may believe that watching videos at an increased speed
does not impair learning or may even be an advantageous study
technique (see Wilson et al., 2018). Thus, examining learners' aware-
ness of their memory processes (i.e., metacognition; Nelson &
Narens, 1990; see also Dunlosky et al., 2016; Nelson, 1996) when
watching asynchronous lectures is crucial in understanding how stu-
dents monitor and regulate their learning. Specifically, students'
potentially misguided beliefs about the effect of video speed on learn-
ing could result in less effective regulation of study time and poor
learning outcomes.

If students watch lecture videos at a faster than normal speed, this
could reduce subsequent memory for the material as a result of a cognitive
overload (i.e., the amount of information that can be held in working mem-
ory at a given time). According to the Cognitive Load Theory (see
Sweller, 1988, 1989), when new information is being learned, this informa-
tion is stored in working memory before being transferred to long-term
memory. Although long-term memory capacity is generally considered to
be relatively limitless, working memory capacity is much more restricted
(Baddeley & Hitch, 1974; Cowan, 2010; Gilchrist et al., 2008; Miller, 1956;
also see the Cognitive Theory of Multimedia Learning; Mayer, 2002). Thus,
a surplus of information in working memory can hinder transfer to long-
term memory, preventing learning (Sweller et al., 2011). Specifically, both
the difficulty or complexity of the information (intrinsic cognitive load) and
how the information is presented (extraneous cognitive load) can increase
cognitive load and impair learning (Paas et al, 2003, 2004; Sweller
et al., 1998; van Merriénboer & Sweller, 2005). Applied to playback speed,
if lecture videos are watched at a rate that overwhelms our limited cogni-
tive resources, learners' comprehension of the material may be impaired.

Additionally, different modalities of instruction (i.e., audio-visual)
may be differentially impacted by increased playback speeds. Specifi-
cally, the transient information effect suggests that complex informa-

tion should not be provided in auditory form as working memory is

likely to be overwhelmed. Rather, if to-be-learned material is particu-
larly complex, it may be better learned via reading (whereby critical
information can be re-accessed) rather than listening (see Leahy &
Sweller, 2011). Thus, as to-be-learned information becomes increas-
ingly complex, the potential costs of increased playback speed may be
more pronounced.

At normal speed, lecture videos are easily comprehensible but
increasing the playback speed increases the number of words spoken
per minute, potentially making the videos too cognitively taxing. For
example, humans generally speak at a rate of 150 words per minute
(Peelle & Davis, 2012), and prior work suggests that speech compre-
hension begins to decline at around 275 words per minute if the infor-
mation is encoded just audibly (see Foulke & Sticht, 1969). However,
audiovisual materials (i.e., videos that consist of both visual and audi-
ble content) may be more comprehensible at increased presentation
speeds due to benefits from the visually presented information. Thus,
high-speed lecture videos may lead to deficits in later remembering as
a result of decreased speech comprehension and increased cognitive
load, but the visual component of lecture videos could compensate
for these potential deficits (e.g., Pastore & Ritzhaupt, 2015). However,
increased video speeds would result in less time to encode any visu-
ally presented information. Taken together, if lecture videos are
played at too fast of a speed, memory for the material may be
impaired.

2 | THE CURRENTSTUDY

In the current study, we investigated how watching lecture videos at
various speeds affects comprehension and metacognitive monitoring
of learning. Specifically, in Experiment 1, participants watched lecture
videos at either normal (1x) speed or increased speeds (1.5x, 2x, or
2.5x) and were tested on the video content both immediately and
after a delay (1 week). To further investigate the most efficient
methods for watching lecture videos, in Experiment 2, we examined
whether watching a video twice at 2x speed results in better learning
outcomes than watching a single time at 1x speed. In Experiment
3, we tested how different study schedules (watching first at normal
speed and again at 2x speed or first at 2x speed and then again at nor-
mal speed) affect comprehension. Ultimately, the results of these
experiments will provide insight into effective and efficient methods

of learning when watching asynchronous online lecture videos.

3 | EXPERIMENT 1

In Experiment 1, we investigated how memory for information from
asynchronous lecture videos is affected by playback speed. Specifi-
cally, participants watched lecture videos on real estate appraisals and
the history of the Roman Empire at either 1x speed or increased
speeds (1.5x, 2x, or 2.5x) and were tested on the video content both
immediately after watching and after a delay (1 week). Additionally,
we solicited metacognitive predictions of immediate and delayed
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performance to determine whether participants were metacognitively
aware of any potential effects of video speed on comprehension. Although
we expected that immediate comprehension may be preserved or even
enhanced at faster video speeds (see Lang et al, 2020; Nagahama &
Morita, 2017), after a delay, we expected increased video speeds to lead
to poorer memory performance compared with normal speed. In terms of
participants' metacognitive predictions of performance, consistent with a
stability bias in memory (cf. Kornell et al., 2011), we expected participants
to predict that both immediate and delayed retention would be minimally
affected by video speed, as some work suggests that participants may not
use retention interval information when making metacognitive judgments
(cf. Koriat et al., 2004; Kornell et al., 2011).

3.1 | Method

3.1.1 | Participants

After exclusions, participants were 231 undergraduate students (aged
18-41: M = 20.83, SD = 2.80) recruited from the University of Califor-
nia, Los Angeles (UCLA) Human Subjects Pool. All participants were flu-
ent in English and 68% were native English speakers. Participants were
tested online and received course credit for their participation. Partici-
pants were excluded from analysis if they admitted to cheating
(e.g., looking up answers) in a post-task questionnaire (participants were
told they would still receive credit if they cheated). This exclusion pro-
cess resulted in two exclusions. Additionally, at the end of the study, if
participants self-reported having prior expertise on either video topic
(four participants reported having expertise on appraisals and 19 reported
having expertise on the Roman Empire), their scores on that topic were
excluded from analysis. An a priori power analysis indicates that for an
omnibus, one-way analysis of variance (ANOVA) with four groups (video
speed), assuming alpha = .05, power = .80, 212 participants would be
needed to reliably detect a small effect (12 = .05).

3.1.2 | Materials
Participants watched two lecture videos judged by the experimenters
to likely present novel material to participants. The videos were on
real estate appraisals (12 min and 56 s with 2031 spoken words) and
the history of the Roman Empire (14 min and 27 s with 2403 spoken
words). The videos were accessed through YouTube and modified to
play at four different speeds (1x, 1.5x, 2x, and 2.5x; see Table 1 for
video durations and speech rates at each speed). Each video consisted
of presentation slides along with a video of the lecturer on the left
side of the screen; the videos did not contain captions or subtitles.

To measure learning, we created two comprehension tests
(20 questions each; one for immediate comprehension and one for
delayed comprehension) for each lecture consisting of multiple-choice
and true or false questions; the multiple-choice questions contained
four options for participants to select from. Of the 80 total compre-

hension questions, 51 of the answers appeared verbally only, 1 only

TABLE 1 Video duration (minutes, seconds) and words per
minute for each video topic and speed

Real estate History of the
appraisals Roman Empire

1x duration 12:56 14:27

1x words per minute 157 166

1.5x duration 8:40 9:38

1.5x words per minute 210 234

2x duration 6:28 7:14

2x words per minute 314 332

2.5x duration 5:10 5:47

2.5x words per minute 393 416

appeared visually, and 28 appeared both verbally and visually. Test
order was counterbalanced between the immediate and delayed ses-
sions. Comprehension was calculated as the proportion of questions
answered correctly across video topics.

3.1.3 | Procedure

The procedure used in Experiment 1 is shown in Figure 1. Participants
were randomly assigned to watch both videos at either 1x speed
(h = 57), 1.5x speed (n = 58), 2x speed (n = 59), or 2.5x speed
(n = 57). Participants were told that they would be watching a short
video and then taking a comprehension test on the material covered
in the video. They were also instructed to watch the video in full-
screen mode and not to pause the video or take any notes. Partici-
pants then watched the video on real estate appraisals, made a predic-
tion of their immediate test performance, took a comprehension test,
and made a prediction of their performance on a similar exam in
1 week. When making predictions, participants were asked how many
of the 20 questions they expected to get correct.

Next, participants repeated this procedure for the Roman Empire
lecture at the same speed as the first video. After a 1-week delay, par-
ticipants were given 1 week to complete the second part of the exper-
iment. In the second (final) part of the experiment, before taking a
similar comprehension test on appraisals, participants predicted their
performance. Participants were then tested on real estate appraisals
and repeated this procedure for the Roman Empire content. A control
group® (n = 123) who did not watch the lecture videos also completed
the comprehension tests to serve as a comparison group to the exper-
imental groups watching videos at either 1x, 1.5x, 2x, or 2.5x speed.
Informed consent was acquired, and the study was completed in

accordance with UCLA's Institutional Review Board.

3.2 | Results
In each experiment, we collapsed predictions and performance across
topics to control for variance in learning different subjects and ensure

that effects were domain general.
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Watch lecture video
at 1x, 1.5x, 2x, or

Prediction of Immediate
immediate

performance

comprehension
test

2.5x playback
speed

FIGURE 1
used the video on the Roman Empire

TABLE 2
Video Immediate Immediate
speed predictions performance
1x .54 (.19) .65 (.13)
1.5 49 (.19) .60 (.16)
2 48 (.18) .62 (.14)
2.5x 43 (.20) .55 (.15)
3.2.1 | Predictions

Descriptive statistics for predictions and performance at each video
speed (1x, 1.5x, 2x, and 2.5x) are shown in Table 2. To investigate pos-
sible differences in participants' predictions of performance, we com-
puted a four (video speed: 1x, 1.5x, 2x, 2.5x) x 3 (time: immediate,
delayed, immediately before the delayed test) mixed ANOVA. Results
revealed a main effect of time (F[2, 404] = 134.59, p < .001, n2 = .39)
such that participants' predictions of immediate performance were
greater than their predictions of delayed performance, (ppons < .001,
d = .78) as well as participants' predictions of performance immedi-
ately before the delayed test, (ppons < .001, d = 1.09); additionally,
participants' predictions of delayed performance were greater than
their predictions of performance immediately before the delayed test
(Ppont < .001, d = .26). However, results did not reveal a main effect
of video speed (F[3, 202] = .95, p = .418, n2 = .01) but there was an
interaction between time of predictions and video speed (F[6, 404] =
2.50, p = .022, n2 = .02). A post-hoc ANOVA indicated that for
the predictions regarding the immediate test, participants in the 2.5x
speed group expected to do worse than participants watching at
normal speed (ppons = .022, d = .19). However, participants in the
2.5x speed group expected to do similarly as other participants on the
delayed test and following the delay, maintained this expectation of
performing similarly as the other groups (all ppon > .609, all d < .08).

3.2.2 | Performance

To examine performance on the immediate and delayed comprehen-
sion tests (see Figure 2), we computed a four (video speed: 1x, 1.5x, 2x,
2.5x) x 2 (time of test: immediate, delayed) mixed ANOVA. Results rev-
ealed a main effect of test time (F[1, 202] = 98.96, p < .001, n2 = .33)

1 week delay

Prediction of
immediate
performance

Prediction of
delayed
performance

Delayed

comprehension
test

The sequence of events in each trial in Experiment 1. The first trial used the video on real-estate appraisals and the second trial

Means and SD (in parentheses) for predictions and performance at each video speed in Experiment 1

Delayed
Delayed Delayed immediate
predctions performance predctions
36(.18) 59 (.13) .31 (.17)
35(.20) .54 (14) .29 (.19)
32(.19) 53(.15) .29 (.112)
35(.22) 50 (.15) .32 (.20)

such that performance on the immediate test (M = .60, SD = .15) was
greater than on the delayed test (M = .54, SD = .15). Additionally,
results revealed a main effect of video speed (F[3, 202] = 3.98,
p = .009, n2 = .06) such that the 1x group performed better than the
2.5x group (ppont = -004, d = .24) but there were no other pairwise dif-
ferences (all ppons > .385, all d < .13). Moreover, time of test and video
speed did not interact (F[3, 202] = .78, p = .504, n2 = .01) such that
learning outcomes for participants watching at various video speeds did

not differ as a function of the time of the test.

3.23 | Control group

To further elucidate the effect of video speed on immediate and
delayed comprehension, we collected an additional sample of
123 undergraduates who did not watch the videos. These partici-
pants completed all 80 comprehension questions, and their average
performance (M = .41, SD = .49) is represented by the dashed line in
Figure 2. We also asked these participants at what speed they usu-
ally watch pre-recorded lecture videos and 15% reported watching
at normal speed, 60% reported watching at 1.5x speed, 23%
reported watching at 2x speed, and 3% reported watching at 2.5x
speed (see Figure 3a). Lastly, we asked participants what lecture
video speed they think is the best for learning and 42% selected nor-
mal speed, 49% selected 1.5x speed, 8% selected 2x speed, and 2%
selected 2.5x speed (see Figure 3b).

3.3 | Discussion

In Experiment 1, participants watched lecture videos at either 1x,

1.5x, 2x, or 2.5x speed and took comprehension tests both
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immediate and delayed comprehension Immediate T Delaved T
tests as a function of video speed in 0.9 + Olmmediate Test ® Delayed Test
Experiment 1. The dashed line represents 08
the mean performance of participants ’
who did not watch the videos. Error bars 07 |
reflect the SEM g
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@)
g 05 -
g=
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&
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02 4
0.1 A
0
(a) 3% (b) 2% 4 | EXPERIMENT 2A
8% . L . .
15% In Experiment 1, results revealed no significant differences in compre-
23% hension between participants watching at 1x, 1.5x, and 2x speed. Given
42% that the cost of watching lectures at an increased speed can be minimal,
it may be advantageous for students to allocate the time saved from
watching videos at a higher speed toward another class or additional
0,
49% studying (Cermak et al., 1996). For example, rather than watching lec-
60%

Ix = 15x -2x =2.5x Ix ~15x 2x =2.5x

FIGURE 3 Control group participants' reported speed at which
they usually watch lecture videos (a) and the speed that they think is
the best for learning

immediately after watching the videos and after a 1-week delay. We
also asked participants to predict their immediate and delayed perfor-
mance to determine whether participants are metacognitively aware
of video speed's potential effects on learning. Surprisingly, results rev-
ealed that video speed had little effect on both immediate and del-
ayed comprehension such that learning was not significantly impaired
in participants watching videos at 1.5x and 2x speed; comprehension
was only impaired in participants watching at 2.5x speed. However,
despite some learning impairments, participants who watched the
videos at 2.5x speed still successfully encoded some of the material.?

Finally, participants' predictions of performance did not show any
significant differences between the 1x, 1.5x, and 2x speeds; the only
pairwise difference was between the immediate performance predic-
tions of the 1x and 2.5x speed groups. Collectively, the results of
Experiment 1 revealed that watching lecture videos at 1.5x or 2x does
not result in learning impairments, and students could save time and
more efficiently learn by watching pre-recorded lectures at faster
speeds, but they should not exceed 2x speed.

tures a single time at normal speed, students may be able to enhance
learning by watching lectures twice (see Greene, 1989; Hintzman, 1976;
Hintzman & Block, 1971; Raajimakers, 2003 for the memory benefits of
repetition). Although at normal speed this would take twice the time, if
participants watch the videos at 2x speed, they may be able to harness
the benefits of repetition without spending additional time studying. In
Experiment 2a, we investigated whether participants could enhance
learning outcomes without spending additional time studying by
watching lecture videos twice at 2x speed compared with once at a nor-
mal speed. We expected participants to predict higher performance and
demonstrate better learning outcomes after repeated study opportuni-

ties (watching twice at 2x speed compared with once at 1x speed).

41 | Method

411 | Participants

After exclusions, participants were 106 undergraduate students (aged
18-36: M = 20.52, SD = 2.03) recruited from the UCLA Human Sub-
jects Pool. All participants were fluent in English and 67% were native
English speakers. Participants were tested online and received course
credit for their participation. Participants were excluded from analysis
if they admitted to cheating (e.g., looking up answers) in a post-task
questionnaire (participants were told they would still receive credit if

they cheated). This exclusion process resulted in one exclusion.
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Additionally, at the end of the study, if participants self-reported hav-
ing prior expertise on either video topic (one participant reported hav-
ing expertise on appraisals and 20 reported having expertise on the
Roman Empire), participants' scores on that topic were excluded from
analysis. An a priori power analysis indicated that for a two-group test
of independent means, assuming alpha = .05, power = .80, for a two-
tailed test, 90 participants would be needed to reliably detect a

medium effect size (d = .60).

41.2 | Materials and procedure

The materials were similar to Experiment 1. Participants were ran-
domly assigned to either watch both videos once at 1x speed (n = 53)
or twice at 2x speed (n = 53). After watching the video on real estate
appraisals either once at 1x speed or twice at 2x speed (participants
watching the videos twice watched them in immediate succession but
were not told that they would watch each video twice), participants
predicted their performance on the comprehension test. Participants
then completed the comprehension test (20 questions) and repeated

this procedure for the Roman Empire video.

4.2 | Results

Predictions of immediate performance and comprehension test perfor-
mance as a function of viewing schedule are shown in Figure 4. To inves-
tigate possible differences in participants' predictions of performance, we
computed an independent samples t test. Results revealed that partici-
pants watching the videos a single time at 1x speed expected to perform
better on the comprehension test (M = .61, SD = .20) than participants
watching the videos twice at 2x speed (M = .51, SD = .18), (t
[104] = 2,50, p = .014, d = .49). However, an independent samples
t test on test performance did not reveal differences in comprehension

mOnce at 1x OTwiceat2x

FIGURE 4 Predictions of
performance immediately before the
comprehension test and test performance
as a function of viewing schedule in
Experiment 2a. The dashed line
represents the mean performance of
participants who did not watch the
videos. Error bars reflect the SEM

Performance

between participants watching the videos a single time at 1x speed
(M = .64, SD = .18) and participants watching the videos twice at 2x
speed (M = .63, SD = .17), (t[104] = .16, p = .876, d = .03).

4.3 | Discussion

In Experiment 2a, we investigated whether participants could improve
learning outcomes without spending additional time studying by
watching lecture videos twice (in immediate succession) but at a faster
speed. Specifically, we hypothesized that with the time saved as a result
of watching at 2x speed, students could take advantage of the repetition
effect (improved memory performance due to repeated studying com-
pared with studying a single time, see Greene, 1989; Hintzman, 1976;
Hintzman & Block, 1971; Raajimakers, 2003) to enhance learning by
watching the videos a second time (still at 2x speed). However, although
results revealed that participants expected better learning outcomes
after only watching the videos a single time at normal speed, there were
no group differences in comprehension test performance.

The lack of comprehension benefits as a consequence of
watching the videos twice (compared with a single time) may be the
result of participants having watched the videos in immediate succes-
sion. Rather than watching the videos back-to-back, spacing learners'
multiple viewings of the videos may be a more effective study strat-
egy. Specifically, participants may be able to harness both the benefits
of repetition and the spacing effect (improved memory when studying
is spaced in time rather than in immediate succession; Bjork &
Allen, 1970; Cepeda et al, 2006; Greene, 2008; Karpicke &
Bauernschmidt, 2011) by waiting until after a delay to watch the
videos a second time. Additionally, learners could strategically distrib-
ute their study time (but keep study time constant) by rewatching lec-
tures shortly before an exam to benefit from recency effects (see
Murdock Jr., 1962). For example, if a learner were to initially watch

lectures at 2x speed and then rewatch the videos again at 2x speed
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immediately before an exam, this may result in better test perfor-
mance than only watching the video once initially at 1x speed and

having a longer delay before the exam.

5 | EXPERIMENT 2B

To further investigate whether learners can enhance comprehension
without increasing study time, in Experiment 2b, participants again
watched lecture videos either once at normal speed or twice at 2x speed,
similar to Experiment 2a. However, participants watching the videos
twice at 2x speed spaced their viewing of the lectures and their second
viewing occurred immediately before the exam. Specifically, participants
initially either watched the videos at normal or 2x speed and after a
1-week delay, participants in the 2x speed group watched the videos a
second time immediately before taking the comprehension tests. In con-
trast, after watching the videos, the 1x speed group had a 1-week delay
before comprehension tests without any additional viewing of the lec-
tures. We expected that spacing the second viewing of the videos and
watching them immediately before the comprehension test (even at 2x
speed) would result in better learning outcomes than watching the
videos once at normal speed with a long delay before the exam, and for

participants' judgments to map on to this pattern.

51 | Method

5.1.1 | Participants

After exclusions, participants were 110 undergraduate students (aged 18-
35: M = 21.08, SD = 2.88) recruited from the UCLA Human Subjects Pool.
All participants were fluent in English and 69% were native English

speakers. Participants were tested online and received course credit for

their participation. Participants were excluded from analysis if they

0.9 4
0.8 4

0.7 4

FIGURE 5 Predictions of
performance following a delay,
predictions of performance immediately
before the comprehension test, and test
performance as a function of viewing
schedule in Experiment 2b. The dashed
line represents the mean performance of
participants who did not watch the
videos. Error bars reflect the SEM

Proportion Correct

Delayed Predictions

admitted to cheating (e.g., looking up answers) in a post-task questionnaire
(participants were told they would still receive credit if they cheated). This
exclusion process resulted in zero exclusions. Additionally, at the end of the
study, if participants self-reported having prior expertise on either video
topic (two participants reported having expertise on appraisals and
15 reported having expertise on the Roman Empire), participants' scores on
that topic were excluded from analysis. An a priori power analysis indicated
that for a two-group test of independent means, assuming alpha = .05,
power = .80, for a two-tailed test, 90 participants would be needed to reli-
ably detect a medium effect size (d = .60).

5.1.2 | Materials and procedure

The materials were similar to Experiment 2a. Participants were ran-
domly assigned to either watch both videos once at 1x speed (n = 58)
or twice at 2x speed (n = 52). However, rather than taking the com-
prehension tests immediately after watching the videos, we added a
1-week delay (M = 8.59 days, SD = 1.29). Additionally, for partici-
pants watching the videos twice at 2x speed, rather than rewatching
the videos in immediate succession, participants watched each video
once then a second time after the 1-week delay (immediately preced-
ing the delayed comprehension test; participants were not aware that
they would watch the videos a second time). Participants also made
predictions of how they would perform after a 1-week delay after
watching the video the first time and again predicted their perfor-
mance immediately before taking the comprehension test (but after

watching the video a second time for the 2x speed group).

5.2 | Results

Predictions of performance following a delay, predictions of perfor-

mance immediately before the test, and performance as a function of

EmOnce at 1Ix OTwiceat 2x

Immediate Predictions Performance
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viewing schedule are shown in Figure 5. To investigate possible dif-
ferences in participants' predictions of performance following a
delay, we computed an independent samples t test. Results rev-
ealed that after initially watching the videos at 1x speed (M = .46,
SD = .21) or 2x speed (M = .46, SD = .16), participants expected to
perform similarly (delayed predictions) on the comprehension test
regardless of viewing speed (t[108] = .01, p = .991, d < .01). How-
ever, following the 1-week delay, participants' predictions of imme-
diate performance (immediate predictions) revealed that the once
at 1x speed group (M = .36, SD = .21) expected to do worse on the
tests than participants who just rewatched the videos at 2x speed
(M = .43, SD = .19), (t[108] = 2.08, p = .040, d = .40). Finally, par-
ticipants watching the videos twice at 2x speed (M = .63, SD = .14)
performed better on the comprehension tests than participants
watching the videos a single time at 1x speed (M = .55, SD = .15),
(t[108] = 2.85, p = .005, d = .54).

5.3 | Discussion

In Experiment 2b, we examined whether watching lecture videos
twice at 2x speed (but spaced in time with the second viewing
occurring immediately before the exam) would result in better
learning outcomes than watching lecture videos a single time at
normal speed with a delay before the exam. In contrast to Experi-
ment 2a when videos were watched twice in immediate succession,
results revealed that watching the videos initially at 2x speed and
then again at 2x speed after a 1-week delay but immediately before
the exam resulted in better test performance than watching a single
time 1 week before the exam at normal speed. Thus, learners can
improve learning outcomes while keeping study time constant by
watching videos twice at 2x speed and strategically distributing
their viewing of lecture videos.

Again, Experiment 1 indicates that watching the videos at 2x
speed does not impair comprehension and if learners watch the
videos a second time at 2x speed immediately before an exam, they
may be able to harness the benefits of the spacing effect (Bjork &
Allen, 1970; Carpenter et al, 2012; Cepeda et al, 2006;
Greene, 2008; Karpicke & Bauernschmidt, 2011) and the recency
effect (Murdock Jr., 1962; see also Eitel & Scheiter, 2015). How-
ever, there is a potential confound of test delay and video speed.
Specifically, it is possible that watching a video in normal speed
once immediately before an exam could have a similar benefit as
watching at double speed immediately before an exam. Still, in
Experiment 1, there were no significant differences in performance
on the immediate tests between participants watching at normal
and double speed. Thus, watching videos twice at double speed
(with viewings spaced in time and the second viewing occurring
immediately before an exam) resulted in enhanced performance but
a condition whereby participants watch the video once at normal
speed immediately before the test may serve as a better compari-
son group and may better represent how students actually prepare

for exams.

6 | EXPERIMENT 3A

In Experiment 3a, we investigated whether watching lecture videos
multiple times but at various speeds could improve learning outcomes.
Specifically, participants either watched lecture videos initially at nor-
mal speed before watching again but at a faster speed (2x) or watched
initially at a faster speed (2x) before watching a second time at normal
speed. We were unsure as to which study schedule would lead to bet-
ter performance as there are potential benefits to each study sched-
ule. For example, it is possible that watching initially at a faster speed
may prime memory for the information (see Baddeley & Hitch, 1993),
making it easier to encode during the second viewing of the video.
Specifically, having already been exposed to the information, learners
may be more prepared to engage in elaborative encoding strategies to
better remember the information on their second viewing. Alterna-
tively, watching at normal speed initially and then again at a faster
speed may result in retrieval practice benefits (see Bjork, 1988;
Roediger Il & Butler, 2011) whereby after having already encoded
the information, a second exposure to the content serves as an oppor-
tunity for learners to practice recalling the information, leading to
better retention and test performance. However, both study sched-
ules could potentially benefit from priming and/or retrieval practice
and it remains unclear how different viewing schedules impact

comprehension.

61 | Method

6.1.1 | Participants

After exclusions, participants were 108 undergraduate students
(aged 18-27: M = 20.42, SD = 1.62) recruited from the UCLA
Human Subjects Pool. All participants were fluent in English and
61% were native English speakers. Participants were tested online
and received course credit for their participation. Participants were
excluded from analysis if they admitted to cheating (e.g., looking up
answers) in a post-task questionnaire (participants were told they
would still receive credit if they cheated). This exclusion process
resulted in two exclusions. Additionally, at the end of the study, if
participants self-reported having prior expertise on either video
topic (two participants reported having expertise on appraisals and
23 reported having expertise on the Roman Empire), participants'
scores on that topic were excluded from analysis. An a priori power
analysis indicated that for a two-group test of independent means,
assuming alpha = .05, power = .80, for a two-tailed test, 90 partici-
pants would be needed to reliably detect a medium effect
size (d = .60).

6.1.2 | Materials and procedure

The materials were similar to Experiment 1. Participants watched each

video twice but were randomly assigned to either watch the videos
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then again at 1x speed (n = 51). After watching the video on real
estate appraisals twice in immediate succession (participants were not
aware that they would watch the video a second time), participants
predicted their performance on the comprehension test. Participants
then completed the comprehension test and repeated this procedure
for the Roman Empire video. At the conclusion of the task, we asked

participants which study schedule they think is better for learning.

6.2 | Results

Predictions and performance as a function of viewing schedule are
shown in Figure 6. To investigate potential differences in participants’
predictions of performance, we computed an independent samples
t test. Results revealed that participants watching the videos at 1x
speed then again at 2x speed expected to perform similarly on the
comprehension test (M = .58, SD = .18) as participants watching at 2x
speed then again at 1x speed (M = .55, SD = .19), (t[106] = .86,
p = .393, d = .17). Additionally, an independent samples t test on test
performance did not reveal differences in comprehension between
participants watching the videos at 1x speed then again at 2x speed
(M = .65, SD = .19) and participants watching the videos at 2x speed
then again at 1x speed (M = .60, SD = .18), (t[106] = 1.31,
p=.195,d = .25).

Although the two study schedules did not result in different
predictions of performance or comprehension, on the post-task
guestionnaire, most participants (76%) indicated that they believed
that watching first at normal speed then rewatching at 2x speed is
better for learning than watching first at 2x speed before
rewatching at normal speed (24%); a Chi-square goodness of fit
test indicated that the frequency of these answer choices differed
(*[1] = 29.04, p < .001).

In Experiment 3a, participants watched each video twice: once at nor-
mal speed and once at 2x speed. However, results revealed that the
order of watching the videos (i.e., fast then slow or slow then fast) did
not affect comprehension, indicating that either (1) the benefits of
priming and retrieval practice were similar or (2) learners may have
not benefitted from priming when watching first at 2x speed then at
1x speed and not benefitted from retrieval practice when watching
first at 1x speed then at 2x speed. Considering this second explana-
tion, although a second viewing may serve as an informal test of the
information encoded from the initial viewing at normal speed, simply
watching lecture videos may be too passive (i.e., participants are not
explicitly instructed to retrieve any information during the second
viewing) to result in performance benefits. Rather, more active forms
of retrieval practice such as comprehension questions embedded
within the video may be necessary to harness any benefits of retrieval
practice. Thus, although students may prefer certain study schedules
or techniques, there are instances where their beliefs about self-
regulated learning do not enhance learning outcomes (see
Azevedo, 2005).

7 | EXPERIMENT 3B

In Experiment 3a, watching the lectures first at 1x speed then again at
2x speed or vice versa did not impact predictions of performance or
comprehension. Despite not observing any group differences on an
immediate comprehension test, spacing learners' viewing of the
videos may result in better performance. In Experiment 3b, we investi-
gated how delayed repetitions of varying playback speeds impacts
comprehension. Specifically, rather than watching the videos in imme-

diate succession, the second viewing of the videos occurred after a
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performance.
71 | Method
7.1.1 | Participants

After exclusions, participants were 113 undergraduate students (aged 18-
35: M = 20.87, SD = 2.92) recruited from the UCLA Human Subjects
Pool. All participants were fluent in English and 66% were native English
speakers. Participants were tested online and received course credit for
their participation. Participants were excluded from analysis if they admit-
ted to cheating (e.g., looking up answers) in a post-task questionnaire (par-
ticipants were told they would still receive credit if they cheated). This
exclusion process resulted in one exclusion. Additionally, at the end of the
study, if participants self-reported having prior expertise on either video
topic (five participants reported having expertise on appraisals and
15 reported having expertise on the Roman Empire), participants' scores
on that topic were excluded from analysis. An a priori power analysis indi-
cated that for a two-group test of independent means, assuming
alpha = .05, power = .80, for a two-tailed test, 90 participants would be
needed to reliably detect a medium effect size (d = .60).

7.1.2 | Materials and procedure

The materials were similar to Experiment 3a. Participants watched
each video twice but were randomly assigned to either watch the
videos first at 1x speed then again at 2x speed (n = 65) or first at 2x
speed then again at 1x speed (n = 48). However, participants' second
viewing of the videos occurred after a 1-week delay (M = 9.44 days,
SD = 2.35). After initially watching each video (at either 1x or 2x

Performance

speed), participants predicted their performance following a 1-week
delay (participants were not aware that they would watch the video a
second time). After the 1-week delay, participants watched each video
again (at either 1x or 2x speed) and predicted their performance
before taking the comprehension test. At the conclusion of the task,
we asked participants which study schedule they think is better for
learning.

7.2 | Results
Predictions and performance as a function of viewing schedule are
shown in Figure 7. To investigate potential differences in participants'
predictions of delayed performance, we computed an independent
samples t test. Results revealed that participants watching the videos
at 1x speed then again at 2x speed expected to perform similarly on
the delayed comprehension test (M = .48, SD = .21) as participants
watching at 2x speed then again at 1x speed (M = .48, SD = .20), (t
[111] = .09, p = .928, d = .02). Similarly, an independent samples
t test on participants' predictions after rewatching the videos a week
later revealed that participants watching the videos at 1x speed then
again at 2x speed expected to perform similarly on the delayed com-
prehension test (M = .46, SD = .23) as participants watching at 2x
speed then again at 1x speed (M = .48, SD = .18), (t[110.7] = .52,
p = .602, d = .10). Finally, an independent samples t test on test per-
formance did not reveal differences on the delayed comprehension
test between participants watching the videos at 1x speed then again
at 2x speed (M = .64, SD = .18) and participants watching the videos
at 2x speed then again at 1x speed (M = .62, SD = .17), (t[111] = .45,
p =.653,d =.09).

Additionally, consistent with Experiment 3a, on the post-task ques-
tionnaire, most participants (76%) indicated that they believed that
watching first at normal speed then rewatching at 2x speed is better for

learning than watching first at 2x speed before rewatching at normal
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speed (24%); a Chi-square goodness of fit test indicated that the fre-
quency of these answer choices differed (sz = 30.81, p < .001).

7.3 | Discussion

In Experiment 3b, participants again watched each video twice:
once at normal speed and once at 2x speed. However, participants'
second viewing session occurred after a 1-week delay. Results rev-
ealed that the order of watching the videos (i.e., fast then slow or
slow then fast) did not affect performance, similar to Experiment
3a. Together, Experiment 3 suggests that if learners watch lecture
videos twice at different speeds, the order of viewing (e.g., 1x
speed before 2x speed or 2x speed then 1x speed) does not seem

to impact comprehension.

8 | GENERALDISCUSSION

Video streaming platforms (e.g., YouTube) often allow users to manip-
ulate the playback speed of videos, allowing up to 2x faster consump-
tion of a video. In addition to streaming media content, students often
manipulate the speed of asynchronous lecture videos. For example,
we surveyed 123 undergraduate students and 85% reported watching
lecture videos at quicker than normal speeds (see Figure 3a). How-
ever, 91% of students reported that they believed watching at normal
or slightly faster than normal (1.5x) as opposed to faster speeds (2x,
2.5x) was best for learning (see Figure 3b). Thus, understanding how
video speed affects short and long-term comprehension is essential to
ensure that people employ the most efficient and effective techniques
to successfully learn new information.

Previous work on the effect of video speed on learning has
yielded mixed results. For example, there is some evidence that
increasing the speed of videos leads to preserved or enhanced com-
prehension (Lang et al,, 2020; Nagahama & Morita, 2017; Wilson
et al., 2018) while other work suggests that increased speed impairs
comprehension (Foulke & Sticht, 1969; Song et al., 2018; Vemuri
et al., 2004). To further examine the impact of lecture video speed on
comprehension, in Experiment 1, we tested learners' immediate and
delayed (1 week) comprehension after watching videos at either 1x,
1.5x, 2x, or 2.5x speed. As predicted by participants, results revealed
that video speed had little effect on both immediate and delayed com-
prehension such that participants only showed comprehension defi-
cits when watching at 2.5x speed compared with 1x speed. Such
learning impairments are consistent with the Cognitive Load Theory
(see Sweller, 1988, 1989) and the Cognitive Theory of Multimedia
Learning (Mayer, 2002) such that when the material is presented at
faster than 2x speed, the rate of presentation results in a cognitive
load that exceeds learners' limited cognitive resources. However,
because there appear to be minimal costs incurred by increasing video
playback speed up to 2x speed, it is possible that faster presentation
speeds do not overly tax working memory as long as the speeds do

not exceed 2x speed.

Since the present findings suggest that learners can watch videos
at up to 2x speed without accompanying performance deficits, stu-
dents may be able to use the saved time advantageously. Specifically,
students may be able to harness the memory benefits of repetition
(see Greene, 1989; Hintzman, 1976; Hintzman & Block, 1971;
Raajimakers, 2003) by watching videos twice at 2x speed without
spending additional time studying. In Experiment 2, we investigated
whether watching a video twice at 2x speed rather than a single time
at normal speed resulted in better learning outcomes. In Experiment
2a, despite participants watching once at 1x speed predicting better
performance than participants watching twice at 2x speed
(in immediate succession), the two groups performed similarly on the
comprehension test.

However, in Experiment 2b, participants either watched the
videos initially at 1x speed or 2x speed but following a 1-week delay,
participants who watched at 1x speed took the comprehension test
while participants who initially watched at 2x speed rewatched the
videos before taking the comprehension test. After the initial viewing
session, both groups predicted similar performance but following the
1-week delay and some participants rewatching the videos at 2x
speed, participants watching the videos twice at 2x speed expected to
perform better than participants watching once at 1x speed. Mirroring
the latter predictions, when the study sessions were spaced in time
(i.e., when there was a 1-week delay between encoding sessions) and
the second 2x viewing occurred immediately before the test, watching
the videos twice at 2x speed led to better performance. Thus, stu-
dents may be able to study more efficiently and enhance learning out-
comes by watching their asynchronous lectures initially at 2x speed
and again at 2x speed immediately before the test rather than
watching a single time at 1x speed with a long delay before the exam.

Again, superior exam performance only occurred when the twice at
2x speed group's second viewing occurred shortly before the exam.
Thus, learners may be able to strategically distribute their study time to
increase performance by watching lecture videos twice at 2x speed but
watching for the second time shortly before an exam. For example, in a
standard college course, there may be around 10 h of lecture video cov-
ered on a midterm exam. If students watch the lectures as they are
released each week, the time between viewing the lectures and being
tested on the material will be relatively long. Additionally, rewatching all
10 h of content shortly before the exam may not be feasible. However,
if students watch the lectures at 2x speed as they are released, then
spend just 5 h rewatching the videos shortly before the exam, they may
be able to benefit from this shorter retention interval without spending
extra time on the videos. Future work should examine various retention
intervals between encoding sessions and comprehension tests to better
understand this effect and delineate under what conditions watching
videos twice at 2x speed improves performance to a greater degree than
watching the videos once at 1x speed.

Lastly, to investigate whether learners can enhance the benefits
of repetition, participants in Experiment 3 watched each video twice:
either initially at normal speed and then again at 2x speed or initially
at 2x speed and then again at normal speed. However, both predic-

tions and performance did not differ as a function of study schedule
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whether participants watched the videos in immediate succession or
with a 1-week delay between viewings. Thus, Experiment 3 indicates
that watching lecture videos multiple times at different speeds may
not be an effective study strategy to enhance comprehension.

Collectively, the present experiments indicate that increased
video speed (up to 2x) does not negatively impact learning outcomes
and watching at faster speeds can be a more efficient use of study
time. Thus, as long as to-be-remembered information can be effec-
tively perceived and encoded, learning outcomes may not be affected
by playback speed. However, previous work has indicated that speech
comprehension begins to decline at around 275 words per minute
(Foulke & Sticht, 1969; see also Goldhaber, 1970; Pastore &
Ritzhaupt, 2015; Vemuri et al., 2004) and the videos in the current
study exceeded this threshold when played at 2x speed. Although the
elevated speech rates at 2x speed may initially be less comprehensible
to students, researchers have been able to train participants to under-
stand speech at rates up to 475 WPM (Orr et al., 1965). Therefore,
with practice, higher rates of speech may not be completely incom-
prehensible and since 85% of students reported watching lecture
videos at quicker than normal speeds (see Figure 3a), they may be bet-
ter able to process the material as a result of experience.

Additionally, although the audible material presented by an instruc-
tor is impacted by playback speed in terms of speech rates, the visual
properties of an instructor's PowerPoint slides containing still images or
bulleted information should be resistant to video speed, allowing this
information to be effectively encoded if presented for sufficient time.
However, if information in a lecture video is presented only very briefly
or as an animation or moving graphic, increased speeds may decrease
the perceptibility of visual information (but see Fischer et al., 2008).
Despite having less time to encode accompanying visually presented
information at faster video speeds, the shorter durations may make it
easier for participants to sustain focused attention throughout the learn-
ing period (see Guo et al., 2014). Thus, even if the speech rates of a video
surpass the rate of what is typically perceptible, participants may still be
able to encode visually presented information (see Pastore &
Ritzhaupt, 2015) and benefit from a shorter duration with which they
need to allocate attentional resources.

The present findings provide preliminary evidence of how to
study more efficiently and illustrate that participants seem generally
aware of the effects of video speed on immediate and delayed com-
prehension as well as the benefits of rewatching lectures shortly
before the exam. However, participants' predictions prior to taking
any examinations seemed generally underconfident in relation to how
much they ended up remembering. Furthermore, learners may some-
times prefer study schedules that do not enhance performance and
future work should further examine how video speed influences
metacognitive monitoring of learning. Future work will also benefit
from investigating the factors that likely affect the efficacy of remote
learning beyond video speed. The ability to pause and take notes,
amount of audiovisual overlap, complexity or difficulty of content,
presence of subtitles, video length, embedded questions within a
video, and instructor fluency are just some of the factors that should

be further examined to bolster students' success with remote learning.

Additionally, there may be boundary conditions to the effects of video
speed on comprehension such as complexity or difficulty of the topic,
audiovisual overlap, and instructor fluency. Nevertheless, in the pre-
sent study, using two videos on different topics with different instruc-
tors and collapsing results across these topics may increase the
generalizability of the findings.

In sum, remote learning has become ubiquitous in recent times and
asynchronous learning formats may allow for more efficient learning.
Specifically, the current study revealed that there are minimal costs
incurred as a result of watching pre-recorded lectures at up to 2x speed
and if learners watch these asynchronous lectures multiple times (per-
haps rewatching the videos shortly before an exam), learning outcomes
can be enhanced. Thus, remote learning may offer students the opportu-

nity to learn both more effectively and more efficiently.
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ENDNOTES
1 This sample was not preregistered.

2 A one-sample t test revealed that participants watching at 2.5x speed
performed better on both the immediate (t[56] = 7.00, p < .001, d = .93)
and delayed comprehension tests (t[48] = 4.01, p < .001, d = .57) com-
pared with control participants who did not watch the videos.
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