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Abstract. Audio and video lectures give students much freedom to study where
and when they like. These digital media formats usually also give students flexi-
bility to choose the playback speed. In this study we conducted a simple experi-
ment to assess the effects of the playback speed on learning. A total of 20 partic-
ipants were recruited using convenience sampling. The participants were divided
into two groups, one half listening to a podcast at normal speed and the other at
double speed, and thereafter completed a multiple-choice test. The results
showed that the test scores were significantly lower at double playback speed.
These results may have implications for teachers and students.
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1 Introduction

Audio and specifically video-based lecture content has become widely available to stu-
dents especially during the COVID-19 pandemic. Pre-recorded content gives students
much freedom and flexibility in when they study, where they study and how they study.
Another benefit of pre-recorded audio and video material is that students usually have
the flexibility of adjusting the playback speed as well as going back and repeating spe-
cific segments [1]. Recordings are also believed to be beneficial for students with cer-
tain disabilities such as reduced vision [1] as one does not have to consider challenges
associated with visual presentation [2] such as legibility of text [3, 4] but rather rely on
non-visual cues [5, 6].

In a traditional physical lecture, students are bound to a time and place as well as
following the pace of the lecturer. During course evaluations it is not uncommon for
teachers to receive contradicting feedback indicating that the lectures are too slow, or
too fast. Students who are unfamiliar with a topic or have a different language back-
ground may prefer a slow pace, while other students who already are familiar with the
topic may want the lectures to move at a more rapid pace. Lecturers are therefore faced
with the dilemma of diverging student needs. If they more slowly, all may comprehend
the content, but one may risk losing the interest of the more advanced students. If one



decides to move at a faster pace one risk losing the students that need a slower pace.
With personal playback of pre-recorded contents, the students can select their preferred
pace.

Much of the literature distinguishes between playback speed and time-compression
or time-stretching [7]. Simply speeding up a recording will also increase the pitch and
make spoken dialogue sound unnatural. This is the effect that can be heard if playing
back a magnetic tape at a different speed than the original. Therefore, such applications
typically employ some time-compression or time-stretching algorithm [8] so that the
playback speed can be altered without affecting the pitch. For simplicity time-compres-
sion will be implied when referring to increased playback speed herein.

Informal dialogues with students reveal that some students indeed make use of this
possibility, usually speeding up lectures that are too slow. There are also reports of an
emerging trend where audiobook listeners listen to audiobooks at faster speeds. Users
of screen readers with synthetic text-to-speech output typically speed up the speaking
rate to cover more material per time unit. One may also imagine the opposite, that is,
to decrease the playback speed when learning how to conduct certain tasks in detail, for
instance when learning to play musical instruments or perform certain vocation-ori-
ented tasks.

Playback speed is not the sole factor, also the actual speaking rate needs to be con-
sidered. A universal measure of speaking rate is words per minute (wpm), which is also
used to measure text entry rates [9, 10, 11]. “Normal” speaking rate is believed to be
around 150 words per minute, although individual variations can be large. In contrast,
reading speeds are believed to be nearly twice that, namely 200-300 words per minute.
One must also keep in mind that there are different types of reading such as skimming
and careful (deep) reading. Obviously, the reading mode affects the reading speed.

We therefore wanted to explore to what degree an altered playback speed affects
learning, in particular increased playback speed. We wanted to explore if playback
speed can be comprehended when played at typical reading speeds. Our hypothesis was
that increased playback speed will negatively affect learning. A controlled between
groups experiment was designed where half of the participants listened to a podcast at
normal speed and the other half listened to the same podcast at double speed upon which
they completed a questionnaire. Although several similar experiments have been con-
ducted in the past, we believe that it is important to replicate such experiments in the
current technological context as the technology has advanced much since the early stud-
ies 50 years ago, both in terms of general accessibility, familiarity among end-users and
audio quality.

This paper is organized as follows. The next section reviews related work. Section 3
presents the methodology. Results are presented in Section 4 followed by a discussion
in Section 5. The paper is closed with concluding remarks in Section 6.

2 Related works

Several studies have explored the effects of speech rate on learning and some studies
go back more than 50 years [12]. Barabasz [12] performed an experiment with more



than 100 participants at graduate level by adjusting the playback speed of speech rec-
orded on magnetic tape. The two conditions included normal speed and a second con-
dition with the speed increased by 30%. The listening experiment was followed up with
a test. The author found no effect of playback speed on recall.

King [13] conducted an experiment using time-compressed speech and found that
the short-term listening performance started to deteriorate at 60% compression rate.

Ritzhaupt et al. [14] assessed performance with speech compressed at 40% and 80%.
They found no effects on performance but did observe a significant effect on partici-
pants preference for the 40% compression rate.

Ritzhaupt and Barron [15] also conducted a large-scale study involving 300 partici-
pants with four conditions, namely normal playback speed, 50% increase, 100% in-
crease and 150% increase. The results show a significant decrease in performance with
150% increase in playback speed compared to the other conditions.

Playback speed in conjunction with visual stimuli has also been investigated. A study
involving 150 participants showed that increased playback speed combined with visual
cues improved the recall but not the performance [16]. Goldhaber [17] found that both
the playback speed and academic level of the listener were influential factors.

Speech rate has also been studied in context of screen reader users [18, 19]. Gener-
ally, experienced text-to-speech screen reader users configure the synthetic speech rate
to twice, or three times, the normal rate, making it nearly intelligible for non-trained
listeners. Also, screen-reader users often “skim-read” by skipping words, sentences and
paragraphs using dedicated screen-reader controls. This allows screen reader users to
cover more ground in a shorter time and hence more flexibility and freedom.

Speaking rate is also of interest to broadcasters [20]. For instance, for newscasts, it
is important to employ a speaking rate that is comprehensible to the broad range of
listeners which may have diverse backgrounds in terms of education and language pro-
ficiency.

3 Method

3.1 Experimental design

A between-groups experiment was chosen to ensure that each participant only was ex-
posed to one of the two conditions. Playback speed was the independent variable with
the two levels normal (original) speed and double speed. Success (recall) rate was the
dependent variable.

3.2  Participants

A total of 20 participants were recruited using convenience sampling, of which 12 were
female and 8 were male. All the participants were native Norwegian language users.
Their mean age was 33.7 years of age (SD = 11.90). The youngest participant was 24
years old and the oldest 59 years old. A Mann-Whitney U test shows that the age of the



males (M = 35.3, SD = 13.8) and the females (M = 32.7, SD = 11.1) were not signifi-
cantly different (W = 45, p = .846). A non-parametric test was used as a Shapiro-Wilk
test revealed that the age distributions were not normally distributed.

An attempt was made to divide the participants into two balanced groups using strat-
ified sampling. The 20 participants were therefore split into two groups of 10 partici-
pants with 4 males and 6 females in each group. A Mann-Whitney U test confirmed
that there were no significant differences in age across the two groups (W = 58.5, p =
.542).

3.3 Material

For the listening experiment a professional Norwegian language podcast by Selda Ekiz
published by the National Broadcasting Corporation in Norway (NRK) was used. The
theme of this 8 minute and 50 second podcast is Why are fungi important to us?
(Smartere pa 10 minutter: Hvorfor er soppen viktig for 0ss?). This podcast was chosen
as it was relatively short and thus suitable for the experiment. Moreover, the podcast is
on a general topic which most participants could relate to. The podcast was profession-
ally produced and therefore believed to be engaging to listeners.

Based on the content of the podcast a 24-question multiple choice test was designed
with four alternatives for each question, in which only one option was correct. The
questions addressed various information provided in the podcast. Google Forms was
used to implement the questionnaire.

3.4 Procedure

The experiment was conducted remotely and electronically due to the COVID-19 pan-
demic. The participants were sent links to the podcast and questionnaire. It was not
possible to adjust the playback speed on the podcast in the player on the website of the
Norwegian Broadcasting Corporation. Therefore, the participants were asked to use the
default podcast app available on their smartphones. This app is available on all
smartphones and all the participants had smartphones.

Half of the participants played the podcast at its original speed according to its orig-
inal duration of 8:50 minutes, while the other half of the participants listened to the
podcast at double speed, namely 4:25 seconds. The participants who were assigned to
listen to the podcast at double speed were instructed how to configure the podcast app.

The participants were asked to sit in a room without others present, and switch off
any music, radio, television, or other potentially disturbing elements. They were in-
structed not to take notes or listen to the podcast, or parts of the podcast, several times,
nor search for answers on the Internet. The experimenters pointed out that it was not
their comprehension that was tested but the podcast.

The experiment was anonymous as it was conducted within a single session requir-
ing no linking of observations [21].



3.5  Analysis

The success rate for each person was found by tallying all the correct answers and di-
viding these by the number of questions. The success rates for the participants were

analyzed statistically using the open-source statistical analysis software JASP version
0.13.1.0 [22].

4 Results

Fig. 1 shows the result of the experiment. Clearly, those who listened to the podcast at
normal speed achieved a nearly twice as high recall rate (M = 75.0%, SD = 13.0%) than
those who listened to the podcast at double speed (M = 45.8%, SD = 10.8%). An inde-
pendent sample t-test shows that this difference was statistically significant (#(18) =
3.46, p <.001, Cohen’s d = 2.441). The large effect size confirms this difference.

We also assessed the participants for bias. A Welch t-test confirmed that there were
no effects of gender (#(10.270) = 0.354, p = .731). A Welch test was used since a
Levene’s test revealed a deviation from the assumption of equal variances (F(1) =
6.910, p = .017). Moreover, age did not correlate with the correct rate (75(20) = 0.021,
p=.929).
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Fig. 1. Recall rates of normal and double playback speed (percentages). Error bars show 95%
confidence intervals.

5 Discussion

The results support the hypothesis that reading speed affects recall, that is, if the audio
playback speed is increased the recall is reduced. One possible explanation for this is
that the audio played back at a higher speed is harder to comprehend. Another explana-
tion is that the participants were given half the time to absorb the material. Perhaps the



normal playback rate gives the participants sufficient space to process and briefly re-
flect over the information provided, while at half speed the participants were unable to
do much apart from listening. On the other hand, there was obviously a longer time
delay between the presentation of the information and the time to give the response for
the participants who listened at normal speed, which could also have contributed to
participants forgetting some of the contents, while those who listened to the podcast in
half the time had a comparatively smaller chance of forgetting the content. The exper-
iment was not designed to distinguish between the root cause, whether it is the legibility
of the audio or other factors that results in the lower recall rates.

The results agree with previous findings such as results reported by King [13] and
Ritzhaupt and Barron [15], while they disagree with the results of other studies such as
Barabasz [12], Ritzhaupt et al. [14]. One possible explanation for the diverging results
could be the quality of the audio technology used in the studies, as well as the degree
of playback speed change. Clearly, studies with a large change in playback speed are
probably more likely to trigger effects on recall than small playback speed changes.
However, one should be careful when contrasting the results from these different stud-
ies since the experimental setups were not standardized.

6 Limitations

There are several weaknesses with the current experiment. First, the sample was rela-
tively small with a comparatively wide spread of participants. It would be relevant to
repeat the experiment with a larger sample and perhaps more focused cohorts of pupils
(up to and including secondary school level) and students (at university level).

We did not probe the background of the participants and in this instance participants
with a background in biology would have found the questionnaire easier than those
without explicit training in biology. In hindsight we should have also asked about this,
even with narrow cohorts, as participants may have diverse backgrounds with a myriad
of study combinations or personal interests and hobbies. Moreover, we did not probe if
any of the participants had reduced cognitive function such as reduced memory, as this
could also have impacted the recall rates [23]. We should also have asked participants
if they had any hearing.

The experiment was conducted remotely, and we were therefore unable to control
the environment in which the experiment took place. It is therefore possible that some
participants had background noise or other disturbances that may have affected the re-
sults [24, 25, 26].

Another aspect which was not addressed herein was the difficulty of the message.
As the readability of written language affects comprehension [27, 28, 29], it is also
possible that the language used in the podcast could have impacted the results. One way
to check for this would be to assess the theoretical readability of the content by applying
readability indices to a transcript of the podcast contents. However, the podcast was
produced by the Norwegian natural broadcaster and presumably has gone through cer-
tain quality assurance procedures. Moreover, all the participants listened to the same
content and there would thus be no bias across the two groups.



In hindsight it would have been relevant to probe the participants preferred playback
speed. Preferred playback speed is highly personal and depends on factors such as lis-
tening context and training in listening to fast audio.

7 Conclusion

A study exploring audio lecture playback speed on learning was reported. The results
showed that audio content played back at double speed led to reduced recall rate during
a multiple-choice post-test. The results thus confirm our hypothesis that playback speed
affects learning. These results may have implications for teachers who deliver pre-rec-
orded audio or video lecture material. In this between groups experiment the partici-
pants had to listen to the audio in the designated speed category. In a real pedagogical
setting the student will have a choice of speeding the audio or not, with the default
being normal playback speed. Students who are more comfortable with speeding up the
playback speed may do so permanently or during parts of a recording. However, it is
likely that this may compromise comprehension and the students should be made aware
of this. On the other hand, speeding up the content may help retain students’ interest in
the topic. It may be worthwhile to compromise the comprehension of some details, as
it is probably better to have some learning outcome than no learning outcome. In any
case, the freedom for students to choose their preferred playback speed is most likely a
benefit to the learning process. Teachers should take explicit steps to ensure that stu-
dents are aware of such functionality. This study did not address the degree with which
students are aware of playback speed controls. Future work could explore students’
perceptions of, and experience with, such speed control mechanisms. Another avenue
of exploration is playback speed of videos where audio stimuli are accompanied by
visual stimuli, both in textual format and as teachers’ facial cues and gesticulations [30].
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