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Abstract 

As a result of the global Coronavirus pandemic, there has been a rapid increase in 

online courses and digital educational materials, specifically video content. It is a legal 

requirement in the United States that these educational materials be accessible to those with 

disabilities. In the case of educational videos, this requires that clean and accurate captions 

are provided, as well as text or audio descriptions of all visual images within the video, in a 

format that is accessible to learners. Many educators lack an understanding of the details of 

the legal requirements and the skills, financial resources, staff, and technical support needed 

to fulfill them. As a result, many rely on Artificial Intelligence (AI)-generated captions and 

descriptions for their educational videos, if they provide them at all. Here, we report the 

results of a preliminary analysis of the accuracy rates of several popular platforms used to 

create AI-generated captions. Based on our results, these AI-generated captions have, on 

average, an accuracy rate of 89.8%, which does not meet the current legal requirements and 

industry standards for digital accessibility. We show the importance of manually 

copyediting captions and share insights from our data analysis which will assist educators to 

make their video content more accessible.   
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Introduction  

2020 saw a steep and rapid increase in online instruction as educators worked to find 

ways to teach during a global pandemic. In the rush to provide digital content, specifically video 

content, accessibility is often overlooked. To many, accessibility in education refers to things 

like wheelchair access and extended time for exams, but digital accessibility—the degree to 

which digital content is accessible and usable by learners with a variety of disabilities—is crucial 

to ensuring that all learners have an “equal opportunity to benefit” (U.S. Dept. of Justice) from 

the content, especially at a time where many educators have been forced to pivot to online 

learning.  

Accessibility, when it comes to video content, requires providing captions, audio 

descriptions of images or actions taking place in the video, and providing a video player which 

supports screen reader use and keyboard navigation. The scope and focus of this study is limited 

to captions. Captions are time-synchronized text versions of the words and sounds in a video. 

Captions are designed for use by Deaf or Hard of Hearing learners, but also benefit learners on 

the Autism Spectrum, with ADHD and other cognitive differences, as well as able-bodied and 

neurotypical learners for whom English is not their native language, or who need to watch 

videos in a sound-sensitive area. 

However, captions are only accessible and useful if they accurately reflect the words and 

sounds in the video.  Incorrect spelling and punctuation, or misrepresentation of the words 

spoken, can change the meaning of the content, instructions, and/or field-specific terms 

presented in educational videos.  For learners who are able to hear the audio, this can be 

confusing and frustrating; learners found these types of errors to be a “distraction” and that they 

limited “the value of the captions” (Morris et al., 235). For Deaf or Hard of Hearing learners, 
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the implications are more serious. Inaccurate captions leave them at a significant disadvantage as 

the captions may be their only method of accessing the content. When it comes to captions, 

accuracy matters. 

The Americans with Disabilities Act (ADA) requires that learners with disabilities be 

given an “equal opportunity to benefit” (U.S. Dept. of Justice) from all content. Section 508 of 

the Rehabilitation Act of 1973 further states that all digital media must meet the Web Content 

Accessibility Guidelines (WCAG) at the AA level. WCAG 2.1, issued in June 2018, 

recommends that “captions [be] provided for all prerecorded audio content in synchronized 

media” (W3C) but does not address issues of accuracy. The legal requirements surrounding 

caption accuracy come from the Federal Communications Commission (FCC) mandate, 47 CFR 

79.1(j)(i), issued in 2014 which states that  

Captioning shall match the spoken [word]…in their original language (English or 

Spanish), in the order spoken, without substituting words for proper names and 

places…Captions shall contain proper spelling (including appropriate homophones), 

appropriate punctuation and capitalization, correct tense and use of singular or plural 

forms, and accurate representation of numbers with appropriate symbols or words.  

The FCC provided an amendment to the document which clarified that “punctuation and 

capitalization [should] reflect natural linguistic breaks and the flow of the dialogue” (Federal 

Communications Commission, 17913). A later clarification concerning a quantitative measure of 

accuracy was added which provided the broad guideline of meeting current industry standards; 

The industry standard, as of 2020, is an accuracy rate of 99% or higher (Enamorado).  

When measuring caption accuracy rates, the industry standard is to break down the 

measurement into two categories: Word Error Rate (WER) and Formatted Error Rate (FER) 
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(Edelberg). WER measures the degree to which the captions accurately reflect the exact words 

spoken including spelling and verb tense.  FER measures the accuracy of elements like grammar, 

punctuation, and capitalization. In order to be considered compliant with the FCC mandates, the 

overall accuracy rate—both categories combined—must meet or exceed 99%.  In an attempt to 

meet this requirement, many have turned to auto-captions—captions generated using speech-to-

text or automatic speech recognition software and Artificial Intelligence (AI) based algorithms. 

AI-generated captions are the easiest, fastest, and cheapest option available to. With so many 

educators relying on AI-generated captions, the question of how accurate these AI-generated 

captions are is becoming increasingly important. The research team set out to determine if AI-

generated captions are currently capable of meeting the legal requirements around digital 

accessibility by achieving the industry standard of a 99% or higher accuracy rate.   

1. Literature Review

While research has been done into how captions impact knowledge retention and test

performance, there has been very little research measuring and analyzing the accuracy of those 

captions. One of the first articles to tackle this issue was published in 2008 and addressed the 

beginnings of Automatic Speech Recognition (ASR) and its use in the classroom. The study 

reported that the software had significant limitations around formatting and punctuation (Wald et 

al. 3). The software at the time functioned based on “statistical probabilities of word sequences 

and not syntax or semantics” (Wald et al., 11) and therefore the accuracy of the words chosen 

was not reliable either. The proposed solution was to have live, real-time caption editing that 

occurred as the lectures were being recorded; this has proven to be both cost and resource-

prohibitive. ASR technology has come a long way, but as this research will show, these same 

types of formatting and word errors still persist and can significantly impact caption accuracy. 
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The only article found which directly attempted to measure and analyze AI-generated 

captions of videos in higher education was Parton’s 2016 work which focused specifically on 

YouTube’s algorithm and concluded “that auto-generated captions are too inaccurate to be used 

exclusively” (Parton, 8) and that the “auto-captions would not appear to meet the Office for Civil 

Rights criteria…[meaning that] Universities are therefore unlikely to be meeting their legal 

obligation to provide accessible material” (Parton, 15) if they are relying solely on AI-generated 

captions.  

2. Methods

During the Fall 2020 semester, a manual review was conducted of the accuracy of four

major AI-generated caption platforms: Kaltura, Microsoft’s Class Transcribe, Google’s 

YouTube, and Panopto.  Five videos were selected to be tested across platforms and details about 

the videos including length, number of words spoken, and metadata (video title, related course, 

speaker) were recorded. Videos were selected using the following criteria: videos were to be less 

than 15 minutes in length, were to cover a variety of topics and levels of difficulty (referred to as 

content density), and were to provide diversity among the variables to be tested.  Variable 

categories, including sex of the speaker, rate of speech (165 words per minute is considered 

“quick speech”), presence of an accent, and the density of the content (“heavy” content contained 

complex or field-specific terms and acronyms; “light” content did not), were selected with the 

intent to measure to what extent these aspects impacted the accuracy of the automatic captions 

[Table 1]. 
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Table 1. Video Metadata. 

Title 

What It Means 

to Be 

Professional 

Length 

3:02 

# of Words 

494 

Content 

Density 

Light 

Sex 

Female 

Speed 

Moderate 

Accent 

No 

Information and 

Technology 
9:35 1649 Heavy Male Fast No 

Demand Curves 12:57 2297 Heavy Male Fast No 

The Goal of 

Financial 

Management 

7:47 860 Light Female Moderate Yes 

Balance Sheet: 

Fiscal Year 
5:25 592 Heavy Female Moderate Yes 

Videos were uploaded to each of the platforms and automatic captions were generated.  

The resulting transcript files were downloaded and manually copyedited according to the APA 

style guide with the “track changes” feature turned on. Errors were recorded by type as specified 

in FCC 47 CFR 79.1(j)(i): Word-level accuracy (“match the spoken words… in the order 

spoken…[with] proper spelling…[and] correct tense”), punctuation, and capitalization. To align 

with industry standard measurements, errors were divided into formatting errors and word errors. 

Incorrect spelling and incorrect tense were counted as word errors, per FCC 47 CFR 79.1(j)(i).  

Accuracy rates were calculated by error type and then as an overall accuracy rate for the 

transcript.  The number of errors by type (A) were calculated and subtracted from the total 

number of words spoken (B) to obtain the number of error-free words. The number of error-free 
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words was then divided by the total number of words spoken (B) to obtain the accuracy rate (C) 

for each type of error: (𝐵𝐵−𝐴𝐴) = 𝐶𝐶 
𝐵𝐵

Example (from video 1): Total words spoken: 494, Total formatting errors: 12, Total 

word errors: 3, FER: (494-12)/494 = 97.5%, and WER: (494-3)/494 = 99.3% This calculation 

was repeated using the total number of errors (all types combined) to obtain the overall accuracy 

rate. Total errors: 12 + 3 = 15 and Overall (494-15)/494 = 96.9% 

3. Results

The average overall accuracy rate across platforms was 89.8%, nearly 10 percent below

the industry standard.  Average accuracy rates by platform ranged from 84.6% to 93.6% [Table 

2a-2d], with a p of 0.000936 [Table 3a-3b]; no platform produced an overall accuracy rate that 

met the 99% minimum [Table 4].  

Table 2a. Accuracy Rates for Each Video for Kaltura. 

Video 

Video 1 

FER 

97.5 

WER 

99.3 

Total Accuracy 

96.9 

Video 2 96.7 97.8 94.5 

Video 3 91.9 97.2 89.2 

Video 4 98.3 96.9 95.3 

Video 5 98.6 94.0 92.7 

Table 2b. Accuracy Rates for Each Video for Microsoft. 

Video 

Video 1 

FER 

90.0 

WER 

98.4 

Total Accuracy 

88.5 

Video 2 86.7 96.6 83.3 
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Video 

Video 3 

FER 

87.5 

WER 

96.2 

Total Accuracy 

83.8 

Video 4 94.8 97.8 92.6 

Video 5 95.7 94.7 90.5 

Table 2c. Accuracy Rates for Each Video for Google. 

Video 

Video 1 

FER 

82.8 

WER 

99.8 

Total Accuracy 

82.6 

Video 2 84.5 99.7 84.2 

Video 3 83.1 98.9 82.0 

Video 4 87.8 99.7 87.4 

Video 5 88.3 98.3 86.7 

Table 2d. Accuracy Rates for Each Video for Panopto. 

Video 

Video 1 

FER 

97.4 

WER 

99.8 

Total Accuracy 

97.2 

Video 2 94.0 96.8 90.8 

Video 3 93.5 95.7 89.4 

Video 4 97.3 97.7 95.0 

Video 5 97.3 96.0 93.0 
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Table 3a. Sum, Average, and Variance for Overall Accuracy Rate. 

Summary: α 0.05; H1: µ < 99.0; H0: µ ≥ 99.0 

Groups 

Kaltura 

Count 

5 

Sum 

467.8 

Average 

93.56 

Variance 

7.528 

Microsoft 5 439.1 87.82 17.767 

Google 5 422.9 84.58 5.792 

Panopto 5 465.4 93.08 9.852 

Table 3b. Anova Single Factor Analysis for Overall Accuracy Rate. 

Source of 

Variation 

Between Groups 

SS 

280.292 

df 

3 

MS 

93.43067 

F 

9.128769 

P-value

0.000936 

F crit 

3.238872 

Within Groups 163.756 16 10.23475 Empty cell Empty 

cell 

Empty 

cell 

Total 444.048 19 Empty cell Empty cell Empty 

cell 

Empty 

cell 

Table 4. Average Accuracy Rate by Platform. 

Platform 

Kaltura 

FER 

96.6 

WER 

97.0 

Total 

93.7 

Microsoft 90.9 96.7 87.7 

Google 85.3 99.3 84.6 

Panopto 95.9 97.2 93.1 
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Kaltura and Panopto had the highest overall accuracy ratings at 93.1% and 93.6% while both 

Microsoft and Google’s platforms failed to even reach 90% overall accuracy.  All platforms 

tested scored higher in the WER category than the FER category showing that across platforms, 

the AI algorithms have an easier time recreating the words spoken than applying grammar rules 

such as punctuation and capitalization.  

3.1 Results by Platform 

Kaltura’s automatic captioning system produced an overall accuracy rate of 93.7% 

(96.6% FER, 97.0% WER); 62% of formatting errors were incorrect punctuation, mostly 

incorrect comma placement, and 31% of error were sentence splits [Table 5a].  

Table 5a. Formatting Error Rate by Error Type for Kaltura [6]. 

Error Type 

Punctuation 

Video 1 

5 

Video 2 

25 

Video 3 

126 

Video 4 

6 

Video 5 

3 

Total 

165 

Percent 

0.62 

Sentence Split 6 13 52 7 5 83 0.31 

Capitalization 1 12 5 1 0 19 0.07 

Table 5b. Formatting Error Rate by Error Type for Microsoft. 

Error Type 

Punctuation 

Video 1 

22 

Video 2 

116 

Video 3 

143 

Video 4 

20 

Video 5 

7 

Total 

308 

Percent 

0.50 

Sentence Split 26 89 128 18 15 276 0.45 

Capitalization 3 15 9 6 3 36 0.06 
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Table 5c. Formatting Error Rate by Error Type for Google. 

Error Type 

Punctuation 

Video 1 

32 

Video 2 

118 

Video 3 

178 

Video 4 

37 

Video 5 

11 

Total 

376 

Percent 

0.42 

Sentence Split 32 90 153 49 31 355 0.39 

Capitalization 21 47 55 19 27 169 0.19 

Table 5d. Formatting Error Rate by Error Type for Panopto. 

Error Type 

Punctuation 

Video 1 

5 

Video 2 

64 

Video 3 

75 

Video 4 

9 

Video 5 

5 

Total 

158 

Percent 

0.53 

Sentence Split 6 28 68 12 11 125 0.42 

Capitalization 2 6 6 2 0 16 0.05 

Kaltura performed 2.8% worse overall on videos where the speaker spoke quickly (>165 wpm), 

with a 3.6% decline in FER. Content density appeared to play some role in accuracy, with “light” 

content achieving an overall accuracy rating that was 3.4% higher than the “heavy” content 

[Table 6a].  

Table 6a. Average Accuracy Rate by Variable by Platform for Kaltura. 

Variable cell 

Moderate Speed 

FER 

98.1 

WER 

96.7 

Total 

95.0 

Fast Speed 94.3 97.5 91.9 

Accent 98.5 95.5 94.0 

No Accent 95.4 98.1 93.5 

Light Content Density 97.9 98.1 96.1 
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Variable cell 

Heavy Content Density 

FER 

95.7 

WER 

96.3 

Total 

92.1 

Table 6b. Average Accuracy Rate by Variable by Platform for Microsoft. 

Variable 

Moderate Speed 

FER 

93.5 

WER 

97.0 

Total 

90.5 

Fast Speed 87.1 96.4 83.6 

Accent 95.3 96.3 91.6 

No Accent 88.1 97.1 85.2 

Light Content Density 92.4 98.1 90.6 

Heavy Content Density 89.9 96.0 85.9 

Table 6c. Average Accuracy Rate by Variable by Platform for Google. 

Variable 

Moderate Speed 

FER 

86.3 

WER 

99.3 

Total 

85.6 

Fast Speed 83.8 99.3 83.1 

Accent 88.1 99.0 87.1 

No Accent 83.5 99.5 82.9 

Light Content Density 85.3 99.8 85.0 

Heavy Content Density 85.3 99.0 84.3 
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Table 6d. Average Accuracy Rate by Variable by Platform for Panopto. 

Variable 

Moderate Speed 

FER 

97.3 

WER 

97.8 

Total 

95.1 

Fast Speed 93.8 96.3 90.1 

Accent 97.3 96.9 94.0 

No Accent 95.0 97.4 92.5 

Light Content Density 97.4 98.8 96.1 

Heavy Content Density 94.9 96.2 91.1 

Kaltura had one instance of a word error which seriously altered the meaning of the content. In 

one video, the sentence “It just makes the problem more intractable.” was rendered as “It just 

makes the problem more tractable” giving the content the exact opposite meaning as was 

intended. This illustrates the importance of carefully reviewing and copyediting AI-generated 

captions to ensure content is being correctly represented.  

Microsoft’s automatic captioning system produced an overall accuracy rate of 87.7% 

(90.9% FER, 96.7% WER). 50% of formatting errors were incorrect punctuation, 45% were 

sentence split errors, and 6% were incorrect capitalization [Table 5b]. Rate of speech appeared to 

play a significant role in Microsoft’s performance, with a 7.1% decline in overall accuracy when 

the speaker spoke quickly.  These errors were mostly found in the FER category, specifically, 

Microsoft’s algorithm struggled with correct comma placement. Surprisingly, there was little 

difference (< 1%) in the WER, where one might assume that the algorithm would struggle to 

identify individual words with a faster rate-of-speech.  

Google’s automatic captioning system produced an overall accuracy rate of 84.6% 
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(85.3% FER, 99.3% WER).  Google’s AI-generated captions were able to achieve a 99% average 

for WER (with three of the five videos exceeding 99%), however, Google’s average FER was 

the worst of the platforms tested at 85.3% (5.7% worse than the next lowest scoring platform). 

Specifically, Google’s platform performed significantly worse than the other platforms in the 

capitalization category, with 19% of formatting errors resulting from incorrect capitalization.  

It is important to note that Google’s automatic captioning system does not remove vocal 

stutters, fillers (um, uh, etc.) or repeated words the way that all three of the other platforms do. 

Best practice is to not include these types of filler words in captions as they clutter the screen and 

have a negative impact on grammatical accuracy and comprehension. The presence of these filler 

words was not counted as an error, as the captions do directly reflect what was spoken in the 

video, however one should consider that additional copyediting will be needed to remove these 

words before publishing a video. 

Panopto’s automatic captioning system produced an overall accuracy rate of 93.1% 

(95.9% FER, 97.2% WER) with incorrect punctuation accounting for 53% of formatting errors, 

sentence splits accounting for 42% of errors, and the remaining 5% of formatting errors were 

incorrect capitalization [Table 5d]. Panopto performed worse on videos where the speaker spoke 

quickly (> 165 wpm), with a 5% decline in overall accuracy.  Like the other platforms tested, this 

decline in accuracy was seen in the FER (3.5% difference) more than in the WER (1.5% 

difference).  

3.2 Results by Variable 

Looking at the data across all four platforms broken down by variable – sex of the 

speaker, rate of speech, presence of an accent, and content density – revealed some consistent 

factors which impacted accuracy. The most significant impact seems to be rate of speech. On 
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average, the AI-generated captions were 4.3% less accurate with a faster speech rate (91.5% 

overall accuracy vs. 87.2% overall accuracy) [Table 7].  

Table 7. Average Accuracy Rate by Variable. 

Variable 

Male 

FER 

89.7 

WER 

97.4 

Total 

87.2 

Female 93.8 97.7 91.5 

Fast Speed 89.7 97.4 87.2 

Moderate Speed 93.8 97.7 91.5 

Accent 94.8 96.9 91.7 

No Accent 90.5 98.0 88.5 

Light Content Density 93.2 98.7 91.9 

Heavy Content Density 91.5 96.8 88.3 

This most impacted formatting issues such as comma placement and sentence splits (4.1% 

difference in FER, virtually identical WER).  

Surprisingly, accuracy rates were higher across all four platforms for non-native English 

speakers or speakers with a noticeable accent (approximately 3% higher, overall). This finding 

directly contradicted our hypothesis with regard to how the AI algorithms would handle accented 

speech. Upon deeper review, we determined that speakers with noticeable accents spoke more 

slowly, likely in an intentional effort to be understood.  We believe that the rate of speech is the 

determining factor and not the presence or absence of an accent. 

Content density played a moderate roll in accuracy on all platforms except Google. A 

difference of, on average, 1.7% in FER across all four platforms was present (93.2% FER for 



Preliminary Research on AI-generated Caption Accuracy Rate by Platforms and Variables 48 

Journal on Technology and Persons with Disabilities  
Santiago, J. (Eds): CSUN Assistive Technology Conference  
© 2022 California State University, Northridge

“light” content and 91.5% FER for “heavy” content). However, due to the overlap between those 

who spoke quickly and those who were covering heavier content, it is difficult to definitively 

state which variable is responsible.  We believe that, as in our analysis of accented speech, the 

difference in FER is more likely to be caused by the rate of speech rather than the complexity of 

the content (which is unlikely to impact capitalization, punctuation, or sentence splits).  

We were unable to analyze the impact that the sex of the speaker may play (whether 

related to pitch, tone, or volume of voice, or to any potential bias in the algorithms) because of a 

1:1 overlap with rate of speech. Our female speakers spoke more slowly and our male speakers 

more quickly resulting in differences in accuracy rates which exactly mirrored those found in the 

rate of speech category. Further study is needed to determine any role this variable might play in 

caption accuracy.  

It is important to note that no single variable produced statistically significant differences 

in performance for any of the platforms (p > 0.05) [Tables 8b and 9b].  

Table 8a. Sum, Average, and Variance for FER. 

Summary: α 0.05; H1: µ < 99.0; H0: µ ≥ 99.0 

Groups 

Kaltura 

Count 

5 

Sum 

482.2 

Average 

96.44 

Variance 

7.218 

Microsoft 5 454.8 90.96 17.183 

Google 5 426.5 85.3 6.745 

Panopto 5 479.5 95.9 3.885 
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Table 8b. Anova Single Factor Analysis for FER. 

Source of 

Variation 

Between Groups 

SS 

404.026 

df 

3 

MS 

134.6753333 

F 

15.37785 

P-value

0.0000566756 

F crit 

3.238871517 

Within Groups 140.124 16 8.75775 Empty cell Empty cell Empty cell 

Total 544.15 19 Empty cell Empty cell Empty cell Empty cell 

Table 9a. Sum, Average, and Variance for WER. 

Summary: α 0.05; H1: µ < 99.0; H0: µ ≥ 99.0 

Groups 

Kaltura 

Count 

5 

Sum 

485.2 

Average 

97.04 

Variance 

3.743 

Microsoft 5 484.1 96.82 1.712 

Google 5 496.4 99.28 0.432 

Panopto 5 486 97.2 2.715 

Table 9b. Anova Single Factor Analysis for WER. 

Source of Variation 

Between Groups 

SS 

19.5175 

df 

3 

MS 

6.505833 

F 

3.025265 

P-value

0.060194 

F crit 

3.238872 

Within Groups 34.408 16 2.1505 Empty 

cell 

Empty cell Empty 

cell 

Total 53.9255 19 Empty 

cell 

Empty 

cell 

Empty cell Empty 

cell 

Performance on individual variables was +/- 2% of the average accuracy rates across all three 
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measures (FER, WER, Overall accuracy). Repeating the study with a larger sample size, and 

specifically a sample set that included videos chosen to reduce or remove variable overlap may 

produce a more significant data set. Despite the lack of statistical significance, observing the 

variance in accuracy rates by variable has provided important insights into actions that the 

speaker and caption editors can take to ensure more accurate and accessible, videos. 

Discussion  

As stated, rate of speech had a measurable impact on the accuracy of the captions 

produced. A first step toward accessible video content is for the speaker to focus on 

intentionally maintaining a rate of speech around 120-160 wpm, which is the range where most 

“people comfortably hear and vocalize words” (Barnard). This will likely help to provide the AI 

algorithm a clear indication of the need for ending punctuation and may reduce sentence split 

errors.  

While maintaining speech rate should help to improve automatic caption accuracy, post-

production copyediting of captions will still be necessary. We highly recommend employing a 

team of post-production experts to ensure a high-quality and accessible end product. This team 

should include a trained copyeditor who can accurately apply grammar, style, and spelling rules 

and someone with field-specific content knowledge to ensure that acronyms and field-specific 

terms are accurately represented. Specific attention should be paid by the copyeditor to comma 

placement and sentence splits as those accounted for roughly 80+% of the formatting errors 

found in this study.  

Conclusions 

The data show that the AI-generated caption platforms tested were not currently able to 

consistently produce captions which meet the legal requirements and industry standards required 
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of higher education. While the four platforms tested represent only a sample of those available 

on the market, Kaltura, Microsoft, Google, and Panopto are used by a large number of higher 

education institutions. Therefore, it is reasonable to assume, based on this data, that institutions 

who are relying solely on AI-generated captions, regardless of which platform they are using, are 

likely not meeting the legal requirements set forth by the ADA and Rehabilitation Act of 1973 or 

the industry standards established by the FCC.  

That is not to say that AI-generated captions should not be used. Budget, staffing, and 

time constraints are a serious issue in higher education and manual transcription of videos is both 

unrealistic and unnecessary. AI-generated captions provide an excellent starting point for 

creating accessible video content; with the addition of manual copyediting, either by trained 

copyeditors or via community collaboration, accessible videos can be created that meet the legal 

requirements and industry standards.  
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