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Abstract

Captions are available with captured lectures for student review. In this study, automatically generated captions from Zoom, 
Kaltura, and YouTube were compared for accuracy with captions generated by a human being. Also investigated was the effect of 
speaker on accuracy of captioning – does the speed with which someone speaks or their accent alter accuracy of captioning? 
YouTube was by far the most accurate of the automatic captioning systems. There were numerous mistakes made by Zoom and 
Kaltura and some significantly altered meaning. Mistakes were due to the transcribing systems, not to things specific to the present-
ers. Instructors should get in the habit of reviewing tran scripts of their lectures to ensure students are not misled. 
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Introduction

Lecture capture is a widely accepted tool in health sciences 
education. Lecture capture systems vary from simple cameras 
on a tripod with a microphone to pick up the speaker’s voice; 
to a webcam and computer microphone to capture lectures in 
a digital conference system; to extensive systems that capture 
audio, a video following the speaker as they move or demon-
strate things, and the visual displayed through the lecture hall 
projector. Students use captured lectures to permit them to 
listen to lectures that they were unable to attend in-person or 
at presentation, to ensure their own notes are accurate, to 
review complex or confusing subjects as they study, and to 
prepare for examinations.1

23

–4 Availability of captions permits 
students to ‘watch’ the video in spaces where they cannot play 
the audio aloud (e.g. library or other quiet study space).5 
Students appreciate the flexibility this tool affords and feel 
that it supports their wellbeing.6,7

Many of these lecture capture systems also create captions, 
either in real-time or after the video is saved. Captions gener-
ally are created as transcribed text of spoken information, not 
inclusive of audio tracks from videos or other audible content 
not provided by the presenter or participants and may be 

time-stamped. Captions are beneficial for student learning in 
many ways. Historically, captions were provided for students 
with specific learning needs (e.g. hearing loss) but it has been 
demonstrated that provision of captions can enhance learning 
in students with a variety of other disabilities including autism 
spectrum disorder, attention deficit hyperactivity disorder, or 
dyslexia.5 A written transcript is also helpful for those students 
for whom English is not their first language.3 This may be 
increasingly necessary as we strive to create a more diverse stu-
dent body, which may be associated with increasing respon-
siveness to accessibility concerns.4 

Students without a diagnosed disability also benefit from 
captioning. Acoustic and visual stimuli are processed in dif-
ferent areas of the brain and taking in information through 
both channels can strengthen learning as higher level neuro-
logic processes must be employed to integrate and encode 
these different inputs into a coherent piece of knowledge.1,8,9 
Joint presentation of auditory and visual data increases com-
prehension compared to presentation of auditory data alone.9 

Captioning is accomplished by a human or through an auto-
mated system. Use of any system may help to overcome cer-
tain limitations of the speakers; some literature suggests that 
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students may benefit from having a written transcript if the 
speaker has an accent or speaks very quickly or if audio quality 
is poor.5,10–12

Human captioners are very accurate, with reported accuracy 
of over 95% for those with some level of familiarity with the 
content they are captioning and only a slightly lower accu-
racy (93%) for those who are less familiar with the con-
tent.13,14 A human being can readily adjust to a speaker’s 
accent, speed of presentation, and volume, and can work 
around background noise and other distractions.12 A human 
captioner could also ask for things known to be more diffi-
cult to catch in a lecture and to be provided with these ahead 
of time, for example, technical terms, proper nouns, and 
acronyms or other terms that contain letters or numbers.15 
Human captioners can be very accurate if they caption after 
production, where they are watching a saved video and thus 
can slow it down or speed it up as needed and repeat sections 
where the speech is unclear. Human captioners also ensure 
that the spelling, grammar, and punctuation are accurately 
transcribed so as to create an easily readable document.11 
Human captioning is expensive and may require scheduling 
such that there is substantial lapse of time between presenta-
tion of the lecture and availability of captions, limiting 
timely review of lectures by students.

Speech recognition systems are used for automatic captioning 
and vary greatly in accuracy depending on the system used and 
the level of specialized terminology in the discipline of the pre-
sentation. Automatic captioners are not generally as accurate as 
humans and do not produce documentation as an easily read-
able document, with some using no punctuation at all or oth-
erwise providing a ‘stream of consciousness’ of information 
that may be difficult for novices to understand out of con-
text.16,17 Speech recognition systems may or may not include 
fillers (‘um’ or ‘er’) and transcribe words that sound the closest 
to what was said whether or not their transcription makes any 
sense. Discipline-specific terminology is not well transcribed 
and may be presented in a manner that changes the intended 
meaning.13 Automatic captioning is less expensive than human 
captioning and can be done in real-time or after production 
without need for scheduling so the lecture and associated cap-
tions can be made available soon after the presentation.

At our college, lecture capture has been used for over 10 years. 
Over that time, faculty have become more accepting of the 
value of this tool and students have come to expect that all 
lectures will be captured. Technology used also has varied over 
time. Evaluation of new technology options was underway at 
the onset of the COVID-19 pandemic when our college had to 
make an abrupt switch from in-person to virtual lectures. The 
digital conference system that was supported by the university 
was Zooma and our college has continued to use Zoom as the 
pandemic had its course. Currently, lectures are offered either 
in-person and on Zoom concurrently or completely on Zoom. 
Zoom lectures are available to students and faculty with cap-
tions generated by Kalturab; lectures are uploaded within 24 
hours but captions may take longer to load dependent on 
usage of the system, which is shared by colleges across the uni-
versity. Kaltura captions are automatically appended to these 
videos using automatic speech recognition, which is described 
by Kaltura as up to 90% accurate, and are posted in Canvas,c 

the learning management system of our college. This is the 

a.https://zoom.us/
b.https://corp.kaltura.com/
c.https://www.instructure.com/canvas

default captioning method at our college. Faculty are recom-
mended by Kaltura to review and edit their captions; at pres-
ent, our college does not require this, and it is not known how 
many faculty review their captions for accuracy. 

Zoom also creates captions if requested by the presenter, and 
these are visible in real-time and are sent to the presenter or 
host of the meeting as a text file after the session is ended. 
Videos also can be uploaded to YouTubed and captions gener-
ated through that website; however, this is not commonly 
done at our college.

Captions created using Kaltura, Zoom, and YouTube are gen-
erated by machine learning algorithms and details of these 
systems are proprietary. Machine learning algorithms are sub-
ject to limitations in quality due to how their algorithm is 
built, vocabulary available within the captioning system, effect 
of background noise, the clarity and volume of the presenter’s 
voice, presence of multiple overlapping voices, mispronuncia-
tions by the speakers, and accents including dialects.

Comparative Theriogenology is a 3-credit course offered in 
third year spring. A variety of instructors participate in the 
course. Lectures and review sessions are offered live via Zoom 
and those sessions are recorded. The lectures and associated 
captions generated by Kaltura are posted in the course Canvas 
site for student access. The goal of this study was to evaluate 
what factors may make automatic captioning more or less 
accurate for a cohort of instructors in a course.

Materials and methods

Data were collected from 6 instructors in the course. For each, 
a 25-minute segment from the beginning of their presenta-
tion (after initial greetings and assurances that the technology 
was working) was evaluated for number of homonym errors, 
number of other errors, and number of medically significant 
errors, and speaking rate (words per minute [wpm]) with and 
without repeaters (e.g. ‘um’ and ‘er’). An accurate transcript 
was created for each presentation by the first author after lis-
tening to each presentation at 0.5 speed and at full speed. 
Speaking rate was calculated from the corrected transcript. 
Machine-generated transcripts were generated in Kaltura, 
Zoom, and YouTube. A trained captioner who was not a med-
ical expert created the human-generated transcripts.e YouTube 
and Zoom generated transcripts with time stamps and no 
punctuation. Kaltura and the human captioner generated 
documents that looked more like course notes, with punctu-
ation. The first author compared the transcripts from Kaltura, 
Zoom, YouTube, and the human captioner to the accurate 
transcripts. Homonyms were not counted as errors in any sys-
tem. Errors included missed words, additional words, and 
incorrect words. A given error was counted either as an overall 
error or a medically significant error; the latter changed the 
meaning in ways that would have taught the reader some-
thing that was medically incorrect. Comparison of character-
istics of speakers by captioning system was analyzed by either 
the paired or unpaired Student’s t-test. Correlation between 
speaking rate and number of errors was evaluated by calcula-
tion of the Pearson correlation coefficient. Overall errors and 
medically significant errors by system for all speakers were 
analyzed using ANOVA and the paired t-test. Significance was 
set at p < 0.05. 

d.https://www.youtube.com/
e.themaritimer at Fiverr
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Results

Speaker characteristics are summarized (Table). There were no 
differences in number of overall errors in any system for men 
versus women, or for those for whom English was their first 
language versus those with a different first language. For those 
with accents versus those without accents, those with accents 
had fewer (p = 0.03) overall errors than those without only in 
Kaltura. There was no demonstrated correlation between words 
per minute and number of overall errors or number of medi-
cally significant errors. 

Number of overall errors was much larger than the number of 
medically significant errors. The human captioner and YouTube 
were not different and both were superior to Zoom and Kaltura, 
both for number of overall errors (p < 0.0001) and number of 
medically significant errors (p = 0.0003) (Figures 1 and 2).

An example of a significant error was the following – Response 
when students were asked the 3 most common postpartum 
disorders in dogs – ‘hypercalcemia, meteorities, and mast-
odons’ OR ‘hypoglycemia, detritus, and mastitis’ – Should be 
‘hypocalcemia, metritis, and mastitis’.

Medical and scientific terms were commonly poorly tran-
scribed but common words also were poorly transcribed 
including sow (south, cell, stylist) and milk (nuke, pill, melt). 
Favorites were ‘evil looting’ for involution and ‘arctic eye 
shadow’ for Dr. Caixeta.

Discussion

The default captioning system used by our college is much less 
accurate than one other commercial system or the human 

captioner. Knowing the extent of inaccuracy of the current sys-
tem is valuable in helping the college plan for what technolo-
gies are best supported for lecture capture and captioning.

This study was limited in that only 6 individuals were evalu-
ated and only 1 lecture was evaluated for each. More accurate 
data may have been generated by a wider data collection. 
Creating the gold-standard transcript and comparing all oth-
ers to that gold-standard was very time-consuming; specific 
effort would have to be granted for a greater breadth of data 
collection. Another limitation is a practical one regarding the 
need for these data and future data collection. We do not 
have an easy way to determine how many students access 
captions or transcripts or how frequently a given student 
does so. If few students are using the captions because of 
their inaccuracy, we are missing a great opportunity to help 
support student learning but if many are accessing the cap-
tions and are managing despite the inaccuracies, we may be 
creating a solution for a problem that does not exist. Finally, 
our college is part of a larger unit and has somewhat limited 
capability to say what technologies it will and will not sup-
port, so any conversations about changing from the default 
system currently, will require extensive documentation and 
discussion. 

Among the different transcript-generating software evaluated 
in this study, YouTube was the most accurate. This is in align-
ment with previously published literature that reported a 98% 
total accuracy when YouTube was used for the transcript of a 
college-level recorded lecture.18 When comparing the accuracy 
of transcription, there were no significant differences based on 
the presenter’s gender; this result was unexpected and at odds 
with a previous report of significant decrease of accuracy when 
the speaker was female.19 This difference may be due to the 
limited sample size in this study. 

Figure 1. Mean number of overall errors per captioned lecture 
by captioning system

Figure 2. Mean number of medically significant errors per 
captioned lecture by captioning system

Table. Instructor characteristics 

Characteristic Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 Speaker 6

Male/Female M F M F M F

English as first language N Y Y Y Y N

Accent? Y N Y N N Y

Words per minute 146 165 179 199 158 124

Fillers/100 words 4.7 4.9 2.6 0.2 1.3 10.3
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This study did not evaluate whether speaking very quickly or 
having a strong accent alters student learning. A study evaluat-
ing speed of speech demonstrated that students were more 
engaged with presenters spoke moderately quickly (172 wpm) 
or very quickly (213 wpm) compared to when they spoke 
slowly (116 wpm).20 Understanding the spoken word requires 
one to map acoustic sensory input to stored representations of 
sounds, grammar, and syntax, and listening to someone with 
a strong accent can require more cognitive effort and slow 
one’s ability to understand.21 Speakers who use more than 1.3 
filler words per 100 content words are deemed by listeners as 
less credible, which may impair engagement and learning.22 
Only 1 of the 6 speakers in this study was below that limit, 
with most speakers well above that limit. In this study, charac-
teristics of the speakers were not associated with changes in 
captioning. Speakers who know they speak slowly or extremely 
quickly, have a strong accent, or use many filler words may 
wish to strongly encourage students to use captions to ensure 
they are fully understanding what was presented.

Multiple studies have identified that the availability of captions 
is associated with increased focus, increased understanding, 
better retention, and overall higher academic achievement.4,23–25 
Caption transcripts also are searchable that makes finding spe-
cific parts of lectures to be rewatched more efficient for learn-
ers.1,23 Concerns have been expressed about cognitive load on 
students required to read captions while watching and listening 
to a video but students surveyed in a study did not report feel-
ing undue pressure from this activity.24 

Caption transcripts may be generated without punctuation or 
other attention to what makes for a readable document. In 
one study, transcripts were shown to be most valuable for 
learners if they were read while the students were hearing the 
video.1 Some authors suggest that poor captions are worse 
than no written transcript at all as they may confuse the stu-
dent regarding what is correct and trying to read the poorly 
transcribed wording may distract the student from hearing 
important information.4,11 All transcripts should be evaluated 
for accuracy and edited as needed; faculty must be given time 
to complete this as part of their teaching effort. Some litera-
ture describes students, either individually or collectively, 
doing this editing as a part of the course in which they are 
enrolled.17,26

In this study, human captioning was not statistically different 
from YouTube but the mean number of overall errors was 
lower for YouTube (168) than for the human captioner (191). 
Technology is improving and at least one study has already 
demonstrated automatic captioning that is as accurate as 
human captioning.27 Organizations should pay attention to 
advances in automatic captioning systems to take advantage 
of improved technology. 

Conclusion

Projections in education are that more virtual training and 
more use of technology in all aspects of education will be the 
norm as we emerge from the COVID-19 pandemic.28,29 This 
means that technologies such as captioning will need to be 
better understood and resources put toward making them as 
efficient and useful as possible. In this study, mistakes were 
due to the transcribing systems, not to specific characteristics 
of the presenters. However, speakers can improve student 
engagement and decrease cognitive load by watching how 

quickly they speak, by practicing their speech to minimize the 
number of filler words used, and to encourage students to use 
caption transcripts when reviewing captured lectures. All tran-
scribing systems made some mistakes and instructors should 
get in the habit of reviewing transcripts of their lectures to 
ensure students are not misled. Students can best use these 
transcripts to search for specific areas of lectures to be 
rewatched, and by reading the transcript while hearing the 
presentation. 
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