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Kurzfassung 

This is an abstract in German language. 

Die zunehmende Verfügbarkeit von Online-Videoinhalten, teilweise beschleunigt durch die 

Covid-19-Pandemie und die wachsende Bedeutung von Social Media, bekräftigen die 

Bedeutung der Bereitstellung von Audiodeskriptionen als barrierefreie Alternative zu 

Videoinhalten für blinde und sehbehinderte Menschen. Um verschiedene Inhalte ausreichend 

beschrieben und diese den Nutzern zur Verfügung stellen zu können, wurde ein Konzept 

entwickelt, das Audiodeskriptionen in mehreren Ebenen der Informationstiefe integriert. Die 

relevanten Informationen werden in einer XML-basierten Datenstruktur hinterlegt. Das 

Konzept beinhaltet außerdem ein Verfahren zur Bereitstellung optionaler Erklärungen von 

Begriffen und Abkürzungen, um Nutzern ohne fachspezifische Kenntnisse oder Menschen mit 

kognitiven Einschränkungen beim Verstehen komplexer Videoinhalte zu unterstützen. Diese 

Funktionen werden in einem Prototyp auf Basis des Able Players implementiert. Durch die 

Durchführung eines Benutzertests wird der mögliche Nutzen von mehrschichtigen 

Audiodeskriptionen evaluiert. Die Ergebnisse deuten drauf hin, dass die Auswahl mehrerer 

Detailstufen positiv aufgenommen wird. Nutzer begrüßten außerdem das Konzept der parallel 

zum Video angebotenen Erklärungen und beschrieben weitere Anwendungsfälle für eine solche 

Praxis. Die Teilnehmer bevorzugten im Test einen höheren Grad an Details für ein schnelles 

Actionvideo und einen niedrigeren solche für informativen Inhalt. Mögliche Erweiterungsfälle 

für die Datenstruktur und die untersuchten Funktionen gehören Anwendungsfälle mit 

Audiodeskriptionen in mehreren Sprachen und verteile Systeme. 
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Abstract 

The increasing availability of online video content, partially fueled by the Covid-19 pandemic 

and the growing presence of social media, adds to the importance of providing audio 

descriptions as a media alternative to video content for blind and visually impaired people. In 

order to address concerns as to what can be sufficiently described and how such descriptions 

can be delivered to users, a concept has been developed providing audio descriptions in multiple 

levels of detail. Relevant information is incorporated into an XML-based data structure. The 

concept also includes a process to provide optional explanations to terms and abbreviations, 

helping users without specific knowledge or people with cognitive concerns in comprehending 

complex videos. These features are implemented into a prototype based on the Able Player 

software. By conducting a user test, the benefits of multi-layered audio descriptions and 

optional explanatory content are evaluated. Findings suggest that the choice of several levels of 

detail is received positively. Users acknowledged the concept of explanations played parallelly 

to the video and described further use cases for such a practice. Participants preferred a higher 

level of detail for a high-paced action video and a lower level for informative content. 

Possibilities to extend the data structure and features include multilanguage use cases and 

distributed systems. 



1 

1. Introduction 

The emerging practice of audio description has significantly improved the situation of persons 

with no or limited access to the visual dimension of their surroundings. The ability to see 

globally constitutes a foundation upon which societies are built. Media, education systems, and 

the cities we live in are primarily organized around the capability of sight. Vision impairment 

has been shown to significantly impact the quality of life among the adult population (Brown, 

2011). 71% of adults aged 18 and older reported in a survey the highest available option on a 

scale regarding the impact in their everyday lives under the assumption of loss of eyesight (NEI, 

2005). 

The European Blind Union estimates that an average of 1 in 30 Europeans experience sight loss 

and that blind and partially sighted persons of working age are affected by an average 

unemployment rate of over 75% (EBU, 2010). However, the increasing availability of audio 

descriptions for visual media content makes such content available to those without sight. 

Although the officially registered number of blind and vision-impaired persons lies between 

1.5 and 3.5 percent of the population, these figures do not consider the secondary target of audio 

description, such as migrants, cognitively impaired, and people following audiovisual materials 

while multitasking (Reviers, 2016). 

The Covid-19 pandemic and the associated temporary stay-at-home orders imposed by 

governments in many areas worldwide have dramatically increased the overall watch time of 

digital video content. Additionally, the overall growth of social media, including during that 

time, and platforms that focus primarily on visual content, such as Instagram or TikTok, have 

shifted the position of communication and relationships of younger audiences further into the 

digital sphere (Mamedov, 2020) 

Focusing on the audio description of video content, primarily in a web context, modern 

practices of describing visuals include either standard or extended audio descriptions. The 

former consists of narrations spoken into existing gaps or pauses in video content. A less 

common practice, the latter provides descriptions of extensive detail by pausing the video 

regardless of available spaces in content. As the availability of video content becomes 

increasingly prevalent, users may encounter a diverse range of types and characters of video 

content, where standard practices of describing content may not suffice in delivering an 

appropriate amount of information. 
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This thesis will explore an approach to extend the existing practices of arranging audio 

descriptions by demonstrating the development of a concept, wherein description information 

can be consolidated in multiple levels (“layers”) of detail. Standard and extended audio 

descriptions may thus be incorporated into the same source while also providing a way to switch 

between them. This concept further includes a feature to provide supplementary content in the 

form of explanations accompanying visual content, aiding people without specific knowledge 

about a subject or potential users with cognitive concerns. The concept will be validated through 

a user test to determine the potential benefits of this approach. 

Subsequent chapters will provide an overview of the fundamental principles of audio 

descriptions and present numerous imperative legal guidelines that apply to Germany and the 

European Union. Additionally, related research and literature will be examined. The 

methodology of this thesis will be outlined, describing how the said concept was developed and 

validated. 

The following list delineates the content of this thesis, including a summary of the 

corresponding chapters. 

• Chapter 2: Current state of literature and related work 

Literature regarding existing knowledge and research will be investigated, focusing on 

the correlation to the subject of this thesis. Related work will be analyzed and 

evaluated. 

• Chapter 3: Theoretical aspects 

The functionality and application of audio descriptions in modern visual media content 

will be outlined, followed by examining the target audience. Legal guidelines in the 

European Union and Germany will be presented in detail. 

• Chapter 4: Methodology 

Outlines the methodology of how the thesis was conducted and how validation results 

were acquired. The chapter describes the development process followed by the 

organization of the user test, including the recruitment of participants and the 

validation objectives. 

• Chapter 5: Implementation 

The concept developed during this thesis will be presented, including details on the 

technical foundation and implementation. 
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• Chapter 6: Validation 

The benefit of the developed concept is determined through a user test, which will be 

described in this chapter, based on the fundamental methods described in chapter 4. 

The validation process will be outlined, and test results presented and interpreted. 

• Chapter 7: Potentials and future work 

Potential extensions based on the findings of this thesis will be illustrated, providing a 

basis for future research and development efforts. 

• Chapter 8: Conclusion 

Ultimately, the contents of this thesis will be summed up by presenting key details and 

findings. 
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2. Current state of literature and related work 

This chapter will examine literature and scientific work correlating with the subject matter and 

scope of this thesis. Potentially relevant findings will be analyzed with regard to the foundation 

or extension of this thesis. Concepts or findings that will be outlined later in this work will be 

provided with a reference to the corresponding chapter. However, to maximize the intent of this 

chapter, it is recommended to be read last. 

As Reviers (2016) points out, exclusive research on audio description is rather limited and 

predominantly conducted within the fields of linguistics, reception and translation studies. 

Research is commonly conducted with engagement of universities and attendants of such. 

Nevertheless, work related to this thesis exists and is examined as follows. 

Kobayashi et al. (2009) describe an approach of developing a platform for providing online 

videos which include audio description, from authoring to the output as a textual script or 

audible synthesized audio track. Their aim is to provide audio description to any online video, 

while considering external metadata to provide descriptions independently of the video format. 

Recognizing that a major obstacle in providing audio descriptions is the fact that pre-recorded 

descriptions require skilled narrators, an appropriate recording environment and is usually time-

intensive, the authors focus on the provision of synthesized narration. Relating to this thesis, 

they also developed a text-based format for the AD scripts (see chapter 5.1) that supports tuning 

parameters for the speech synthesis. However, the details concerning the script format are not 

disclosed in detail. 

Following the same research, Kobayashi et al. (2010) conducted experiments to assess 

the practicability and effectiveness of synthesized narrations in audio descriptions. They 

included blind and vision-impaired participants from Japan and the U.S. and organized the test 

to reflect realistic situations. Participants watched samples from a movie and a recipe video, 

using two speech synthesis engines and a human voice. Descriptions were tested in standard 

and detailed level of information (extended audio description), for which the video was either 

paused, or played continuously with the detailed description being inserted with double speed. 

Their results suggest that synthesized descriptions are generally accepted, regardless of 

language. Additionally, they conclude that primary importance seems to be pacing, word choice 

and the clarity of the AD script, rather than the emotional expression and character of the voice. 

These findings support this thesis because synthesized voices are also being used (see chapter 

5.2 and 6.1 respectively) and the general acceptance of such is therefore assumed. 
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Fryer & Freeman (2013) conducted an experiment where they compared levels of 

presence between sighted and visually impaired participants. They presented the film clip for 

participants to watch in three conditions: No AD, “standard” AD according to the Ofcom Code 

on television access services of 2008 and “cinematic” AD, designed to convey cinematic 

elements such as camerawork (e.g., type of shot) and editing techniques (e.g., cuts and 

transitions). Their findings suggest that the visually impaired audience experience levels of 

presence that are equal to, or even exceed those of the sighted audience. The authors remark 

that the cinematic experience is more than merely understanding the action. This is relevant to 

this thesis in terms of a potential categorization of different levels of information, where 

cinematic information could be one level to incorporate into the data structure (see chapter 5.1). 

However, engagement ratings further suggest that sighted users show less levels of presence 

when using cinematic AD. 

Ely et al. (2006) assessed the amount of knowledge acquired by students from watching 

extended audio descriptions based on a developed protocol to deliver such. Fourth-grade 

students with visual impairments listened to video clips of curricular materials along with 

extended audio descriptions, as well as standard audio descriptions. Students then answered 

questions regarding the content attained from the videos. Their results show that students 

performed better on tests for content that included extended descriptions than for content that 

included only standard descriptions. Other factors, such as using age-appropriate vocabulary 

and the total length of a video including the extended descriptions appeared important. These 

findings support this thesis in terms of a general benefit in following watched content with 

extended descriptions, despite the fact that the original media is frequently interrupted. This 

behavior is supported by this thesis as well, see chapter 6.3. 

The developed XML-based file structure of the concept (see chapter 5.1) shares a similar 

appearance to the Timed Text Markup Language (TTML) by Adams and Lemieux (2018), 

although no active reference was made during development. It might, however, bear potential 

to extend TTML to expand compatibility with other features such as styling and parameters. 

 Senina et al. (2014) developed an algorithm by which descriptions for videos can be 

generated in varying level of detail. The levels range from “single”, which is one single 

sentence, to “short”, which is three to five sentences, to “detailed” with at most 15 sentences. 

The descriptions are produced using automatic segmentation and extraction algorithms. Figure 

1. shows an example of the output of such system (Senina et al., 2014, p. 1): 



6 

These results are relevant to this thesis in terms of forming a foundation from which several 

levels of detail can be generated automatically without need of extensive human input, reducing 

production cost. Their system could provide the descriptions, while the concept integrated in 

this thesis (see chapter 5.3.1) would enable those levels to be displayed alongside the original 

video content. 

Rabbitt & Carmichael (1995) analyzed how elderly people without visual impairment 

comprehended both short segments of programs, as well as an entire program of 30 minutes. 

Half of the participants consumed the segments along with descriptions from the British service 

AUDETEL, while the other half consumed the segments without audio description. The general 

comprehension was measured by asking 20 true-or-false questions subsequently. The authors 

found that, firstly, the group exposed to AD showed greater comprehension, and secondly, 

based on the data acquired they determined that the descriptions did neither lessen the 

enjoyment of the content nor obstruct the comprehension of the program. This bears potential 

to the subject of this thesis in terms of users who are not blind or vision-impaired but might still 

benefit from the provision of audio descriptions. 

Finally, the National Center for Accessible Media (NCAM, 2012) of the Boston public 

broadcaster WGBH developed a system to provide supplementary materials to help make 

science- or math-focused videos more accessible to blind and visually impaired users, by 

displaying glossary definitions and Wikipedia entries and making them accessible to screen 

readers. This concept is similar to the opt-in explanations of this thesis (see chapter 5). 

However, no publication demonstrating a user-based evaluation is associated with these 

findings.  

Figure 1: Generated descriptions in three levels of detail 
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3. Theoretical aspects 

This chapter aims to inform the reader about the functionality and application of audio 

descriptions in modern visual media content. The target audience will be examined, followed 

by a detailed overview of the legal background of requirements to provide audio description for 

those audiences including the European Standard (EN) 301 549. 

As Snyder (2014, p. 13) indicates, the concept of audio description as an activity might be as 

old as humanity itself. Early verbal explanations of the meaning of visual elements, symbols 

and signs were not uncommon, not least due to the broad existence of illiteracy in the global 

general population until recent times (Perego & Pacinotti, 2020). The practice of providing 

audio commentary to make audiovisual products such as film and TV, theatric performances, 

and museum exhibitions accessible to blind and visually impaired people evolved mainly in the 

1980s, particularly in places such as the U.S and the U.K. Fryer (2016) remarks that AD as a 

formal accessibility service began in a theatrical environment. The Arena State in Washington 

D.C. staged a play with description for the blind in 1981. In 1983, the first AD transmission on 

TV took place by a commercial broadcaster in Japan. In the U.K., a musical at the Theatre 

Royal in Windsor offered a description for the first time. Theatre AD has seen increasing 

adoption since. The U.K. is today a world leader in the provision of AD for the highest number 

of venues, including film screenings, performances, and DVDs. 

Several definitions exist to describe what is meant by the process of audio description. 

Generally, audio descriptions are embodied into the field of audiovisual translation (AVT) 

studies, as shown in Figure 2, based on Perego & Pacnotti (2020). 
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Figure 2: Audio description as part of audiovisual translation 

 

As portrayed in Figure 2, audio description differs from other types of AVT. In subtitling or 

surtitling, the primary focus is on dialogue. AD on the other hand, generates its information 

script from the ground up, without a pre-existing text to begin with. (Fryer, 2016). It is 

noteworthy that audio description usually includes verbal elements such as titles and credits as 

well, and is therefore connected through an aggregation relationship to audio subtitling, 

extending the presentation by Perego & Pacnotti (2020) in Figure 2. 

Braun (2008) refers to the translation of AD as a “intersemiotic, intermodal or cross-modal 

translation”. Intersemiotic refers to a type of translation where information originates partially 

from a context outside of the translated channel – in contrast to an interlingual translation, where 

information is transferred merely between two languages. An intersemiotic translation, 

however, involves two semiotic systems. AD as such translates non-verbal signs, such as 

images and cinematic elements into verbal words. Further, intermodal refers to the numerous 

modes of meaning conveyed through several concurrent sensory modes. It is the process of a 

describer translating the intermodal links that exist between images, sound and dialogue into 

intermodal links between sound and AD. Common applications of AD may be classified into 

two categories, dynamic or static. Dynamic AD is provided for “dynamic” content such as film 

or live performances, while static AD is provided for static elements such as museums or 

architecture (Mazur, 2020). In the scope of this thesis, dynamic audio descriptions will be the 

considered application. 
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Today, television is one of the most important areas for AD. In a survey conducted as part of 

the ADLAB project, a three-year project funded by the European Union aiming to train AD 

specialist and to produce consistent guidelines for AD practices, found that public broadcasters 

provide AD most often. According to Reviers (2016), the reason why commercial channels 

seem rather reluctant to provide AD may be financially as well as legislative guides and 

regulations that apply to public broadcasters. A collection of such is presented in chapter 3.2. 
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3.1. Target groups for audio description 

In their Guidelines on the Provision of Television Access Services, Ofcom (2021) explain that 

people who use access services, such as audio descriptions, do not fall into homogenous groups. 

This is, among other things, because while many people who are using audio descriptions are 

visually impaired, not all are completely blind. Complete blindness is regarded by WHO (2019) 

as a visual acuity in the better eye that is worse than 3/60, meaning the inability to see at three 

meters what a person with nominal sight is able to see at 60 meters. The complete classification 

of severity of vision impairment is listed in Table 1: 

Table 1: Classification of severity of vision impairment 

Category Visual activity in the better eye worse 

than: 

Mild vision impairment 6/12 

Moderate vision impairment 6/18 

Severe vision impairment 6/60 

Blindness 3/60 

 

Obtaining reliable, current public data on blind and visually impaired people has proved to be 

difficult. The ADLAB project acquired a set of data that were considered trustworthy because 

they were supplied by reputable institutions. The official estimate according to the WHO is that 

at least 1.2 million people in Germany are visually impaired. The German National 

Organization for the Blind (DBSV) estimates at least 127.804 blind or severely visually 

impaired and 452.930 visually impaired people (DBSV, 2019). The figures are proportionally 

similar in all countries that were investigated. These include Belgium, Germany, Italy, Poland, 

Portugal, Spain, and the U.K. However, it is essential to note that these statistics are distorted 

by the factor of age. The age group of 65 and older constitutes the largest and growing group 

of blind and visually impaired people in all participating countries. Analogous to the aging 

European population, in the U.K., this number is projected to rise to 4 million by 2050 

(ADLAB, 2012). However, blind and vision impaired people are referred to as the primary 

target audience of AD. The secondary target audience includes people with no vision 

impairment. For this group of people, AD may assist the reception of audiovisual content, such 

as for people with learning or cognitive difficulties, and even viewers who might use AD to 

follow audiovisual materials while multitasking (Mazur, 2020). 
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3.2. Legal guidelines 

In this chapter, legal backgrounds with regard to the provision and delivery of audio 

descriptions of audiovisual media content will be examined. Respective laws and directives will 

be presented, and their significance interpreted for the utilization of audio description. 

Ultimately, this chapter aims to express the importance of audio descriptions and the state of 

their adoption in current times. 

The increasingly globalized world has over the past century seen numerous efforts undertaken 

by international legislative bodies, working towards a unified framework for human rights and 

social equality. After the Second World War, the establishment of organizations such as the 

League of Nations, and later the United Nations (UN) cultivated the discourse about universal 

human rights for all human beings, and the ratification of such rights in its member states to 

achieve those rights, most notably through the historic Universal Declaration of Human Rights 

of 1948. 

In 2006, the UN adopted the Convention of the Rights of Persons with Disabilities (CRPD), 

receiving the historically highest number of signatories to a UN Convention on its opening day. 

It acknowledges essential freedoms and guarantees human rights fully to persons with all types 

of disabilities (UN, 2015). Article 9 of said convention lays out aspects of accessibility ranging 

from the physical environment to systems of information and communication technologies. 

Generally, the aim of accessibility is described as an effort to enable persons with disabilities 

comprehensive participation in all aspects of life (UN, 2006). 

The question of whether accessibility itself constitutes a human right has long been subject to 

debate. As Greco (2016) summarizes, some argue that accessibility must be seen as a human 

right because it serves as a measure to the provision of other rights. However, because in their 

General comment, CRPD (2014) describe accessibility as a precondition that allows persons 

with disabilities to participate fully and equally in society, the author claims that as a 

precondition, accessibility cannot be a right per se, but rather a “proactive principle for 

achieving human rights” (Greco, 2016, p. 22), suggesting that accessibility is not to be 

introduced as a result of a person holding a special human right, but instead by the reason of 

granting necessary access to goods in order to fulfill conditions that human rights demand. 
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Subsequent legislative efforts to sustain the aforementioned access have been instrumental in 

the adoption and development of accessible information and communication technologies. In 

what follows, a select group and of directives and guidelines and their relationship with focus 

on audio descriptions will be examined. 

Figure 3 shows the relationship between legislature and guidelines to be discussed that apply to 

Europe and Germany, based on Zimmermann (2020). 

 

Figure 3: Relationship of legal guidelines in Europe 

 

As Figure 3 shows, the Web Accessibility Directive orients itself to the principles of WCAG 

2.0. Similarly, the European Standard (EN) 301 549 includes WCAG 2.0 principles and is itself 

referenced in the EU’s 2018/2048 Decision to implement, as well as the applicable standard by 

BITV 2.0 (see 3.2.5). These relations are visualized by the diamond-shaped aggregation relation 

of UML. 
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In Table 2, the effect of legislation and guidelines on digital accessibility with regard to the 

provision of audio description in Europe are summarized according to the European 

Commission [EC] (2021a, 2021b). 

Table 2: Contribution of legislation and guidelines towards audio description in Europe 

Legislation or guideline Contribution towards provision of audio 

description 

Convention on the Rights of Persons with 

Disabilities 

Demands members, such as the EU, to 

demonstrate political will and appeals to 

their moral obligation to take appropriate 

measures in order to ensure access to 

information and communication 

technologies for persons with disabilities 

equally on the grounds of Article 9. 

Audiovisual Media Services Directive Presents audio description as method to 

achieve accessibility for both linear services 

(e.g., television broadcasting) and non-linear 

services (e.g., video on demand). 

Web Accessibility Directive Sets up common accessibility requirements 

so that everyone is able to read, understand 

and complete administrative procedures on 

public sector websites and mobile 

applications. It recognizes the four basic 

principles of accessibility according to 

WCAG. 

EN 301 549 Technical standard that lays out actual 

requirements for ICT products or services in 

a feature-based manner. Audio description is 

stated as requirement for services with video 

capabilities, including specifications 

regarding user controls of such. 

WCAG 2.0 Provides a basis for decision-making when 

designing web content in an accessible way 

in form of testable Success Criteria. Lists 
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audio description in both auditory and 

textual form as a required alternative for 

visual content. Provides technical guidance 

on how to achieve the Success Criteria as 

well as examples on their applicability. 

BITV 2.0 States that websites and mobile applications 

of public institutions in Germany, whether 

publicly accessible or not, must conform to 

accessibility standards as laid out by EN 310 

549. 

 

3.2.1. Audiovisual Media Services Directive (AVMSD) 

The Audiovisual Media Services Directive (AVMSD) 2007/65/EC of the European Union came 

into effect on December 19, 2007. It comprises a set of regulations covering audiovisual content 

in both linear services, such as televised programs, and non-linear services, such as online and 

on-demand forms. Latter services became increasingly available since the enactment of the 

preceding Television Without Frontiers Directive of 1989, which first initiated the single market 

for television broadcasting in Europe. While both linear and non-linear services are covered 

under these regulations, they are not treated in the exact same manner. On-demand services are 

being granted further leeway, considering the amount of control a user may exert over a specific 

service of that kind and thus lowering its potential effect on society (EU, 2008). 

In 2010, the AVSMD was codified1 by, among others, adjusting requirement specifications of 

the elderly and people with disabilities. Particularly by Article 7 of the codified Directive 

2010/13/EU, media service providers of the European member states are called upon to “ensure 

that their services are gradually made accessible to people with a visual or hearing disability” 

by acknowledging that “the right of persons with a disability and of the elderly to participate 

and be integrated in the social and cultural life of the Union is inextricably linked to the 

provision of accessible audiovisual media service”. The practice of providing audio 

descriptions is explicitly mentioned as a potential measure to realize this accessibility, together 

with, among others, sign language and subtitling (AVMSD, 2010). 

 
1 Codification refers to combining a legislative act together with all its amendments into a single new act. 
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3.2.2. WAD 2016/2106 

Sir Tim Berners-Lee, Director of the World Wide Web Consortium and notable to many as the 

inventor of the world wide web, stated in an interview after being asked about the increasing 

universality of the internet, that “if you are not on the web, you will have problems accessing 

services” (Berners-Lee, 2011). Recognizing that everyday services such as shopping, online 

banking, and public administrative services are provided increasingly through the web, 

including mobile devices, the European Parliament set into effect Directive (EU) 2016/2102, 

commonly known as the Web Accessibility Directive (WAD). 

The essential nature of a Directive as a type of legal act in the EU does not represent an 

obligatory legislative act itself, which Member States would have to implement as is. It is an 

objective that the Member States must accomplish by crafting national laws of their own (EU, 

2016). In the case of the WAD, Member States were obligated to comply with the Directive by 

September of 2018. 

Accessibility is described in the WAD’s preamble as rooted in the four principles of the Web 

Content Accessibility Guidelines (WCAG, see 3.2.4). Their translation into testable success 

criteria through harmonized standards, by which the conformity of web and mobile application 

content with those principles can be tested, refers to the European standard EN 301 549 (see 

3.2.3). The Commission Implementing Decision (EU) 2018/2048 of December 2018 published 

a reference to this standard in the Annex of the Decision and validated the standard to satisfy 

the requirements as laid out in the WAD. 
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3.2.3. European Standard (EN) 301 549 

The European Standard (EN) 301 549 was developed by the European Committee for 

Standardization (CEN), the European Committee for Electrotechnical Standardization 

(CENELEC), and the non-profit European Telecommunications Standards Institute (ETSI) to 

meet the requirements laid out in the European Web Accessibility Directive (Directive 

2016/2106, see 3.2.2). The standard consists of a broad scope of requirements that concern a 

range of ICT solutions. It illustrates the pertinence of such requirements for products, including 

software, in specific situations or contexts, under the domain of user accessibility. Considering 

the fact that different types of devices show an increasing convergence, EN 301 549 follows a 

feature-based approach, in contrast to being merely device-based. This approach could be 

illustrated by the overlap of feasible functionalities of modern smartphones with those of 

standard desktop computers, thus subjecting both types of devices to identical accessibility 

requirements. Figure 4 demonstrates this approach based on the report by Martínez & Pluke 

(2014). 

 

Figure 4: Feature-based approach of requirements of EN 301 549 
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The structure of the document is divided into fourteen clauses and six annexes. Listed below in 

Table 3 is an overview based to ETSI et al. (2021, Annex E.2) and Martínez & Pluke (2014) of 

the contents of the clauses, which are essentially chapters. 

Table 3: Overview of EN 301 549 clauses and their contents 

Clause(s) Content 

Clauses 0 to 3 Scope, References, Definitions, and abbreviations. 

Reveals the contents of the standard to be functional accessibility 

requirements for ICT products and services and describes 

situations where the requirements apply and where they do not. 

By defining particularly relevant terms such as “user agent” and 

“platform software,” the applicability of the requirements is 

further clarified.  

Clause 4 Functional performance. 

This clause substantially describes the challenges that 

accessibility requirements intend to resolve. It describes the 

needs that end-users with disabilities have and lays out the 

functionalities essential to address those needs, in particular, to 

enable users to locate, identify and operate functions in 

technology regardless of their abilities. 

Detailed technical requirements targeting to conform with the 

user needs are outlined through clauses 5 to 13. 

Clause 5 Generic requirements. 

Requirements referring to any hard- or software in an ICT 

product or service. Those include systems with closed 

functionality (prevents users from using or connecting assistive 

technology) and describes the activation of accessibility features, 

simultaneous user actions, biometrics, preservation of 

accessibility during conversion, toggle controls, and functions 

such as key repeat. 

Clause 6 ICT with two-way voice communication 

Requirements concerning any ICT product or service providing 

two-way voice communication. These include alternatives to 

voice-based services, specifications about audio bandwidth for 
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Clause(s) Content 

speech, real-time text functionality, video communication, and 

alternatives thereof. 

Clause 7 ICT with video capabilities 

Requirements that cover ICT products and services displaying 

video content. For deaf and hard-of-hearing persons, these 

include caption processing technology such as the playback, 

synchronization, and preservation of captions, including 

characteristics of their appearance and the possibility to provide a 

spoken output of available captions. 

The clause further outlines the requirements for audio 

descriptions to be provided for blind and partially sighted users 

(see details after Table). 

Clause 8 Hardware 

Requirements for hardware components, including for 

connections (such as USB and Bluetooth), color, acoustic 

volume, physical access for stationary ICT, mechanically 

operable parts such as buttons and keys, and tactile indication of 

speech mode for shared use devices. 

Clauses 9, 10, and 11 Minimum requirements to the European Web Accessibility 

Directive 

Clause 9 lays out requirements that apply to web pages, while 

clauses 10 and 11 cover non-web documents and non-web 

software. 

Web content is required to conform to the Level A and Level AA 

success criteria of WCAG 2.0 (see 3.2.4), and therefore, no 

additional requirements for web content are defined in the 

standard. At the same time, requirements from other clauses may 

be applicable. The consideration of Level AAA of WCAG is 

encouraged, however, in alignment with the W3C, not required 

as a general policy for entire sites. 

For documents that are neither web pages nor embedded in 

suchlike, WCAG 2.0 also sets the basis for defining accessibility 
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Clause(s) Content 

requirements. Terms of WCAG Success Criteria are substituted 

in order to apply to non-web documents. 

Finally, Clause 11 contains requirements for non-web software, 

again defining a set of Success Criteria based on WCAG 2.0 

Level A and AA criteria, including the determination of 

requirements towards interoperability with assistive technology 

and user preferences. 

Clauses 12, 13, and 14 Documentation, emergency services and conformance 

These clauses refer to the accessibility requirements for product 

documentation and support services related to ICT products or 

services. Requirements concerning relay and emergency services 

and the conformance with the standard as a whole are 

considered. 

 

Clause 7 of the standard discusses audio description technology as a requirement for ICT 

products or services with video capabilities. It states that audio description should be played in 

the default audio channel or be available in a separate selectable audio track. Support for the 

“extended audio description” feature is noted as useful and therefore encouraged. Further, 

synchronization between audio or visual content, or a combination thereof, and the 

corresponding audio description, must be preserved. The same applies to the audio description 

data itself, which must be preserved when video with synchronized audio is transmitted, 

converted, or recorded. 

Finally, user controls regarding the playback and preferences of audio descriptions are 

examined. The standard states that user controls to activate audio description must be at the 

same level of interaction as the primary media controls (such as Play, Pause, or other most 

commonly used controls), expecting the same number of steps to achieve the activation task. 

Adjustments to the audio volume do not require dedicated hardware controls if video playback 

is not the device's primary purpose. However, software-based controls should again be placed 

on the same level of interaction. Ultimately, the ability to activate audio description by default 

is encouraged. 
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3.2.4. WCAG 

The Web Content Accessibility Guidelines (WCAG) were established by the Web Accessibility 

Initiative (WAI) of the W3C in the late 1990s, aiming to provide a standard that could find 

international use in defining accessibility to Web content for people with disabilities. Along 

with guidelines for user agents, such as browsers and assistive technologies, and authoring 

tools, the W3C published WCAG 1.0, the first version, in May of 1999. Because the Web at 

the time consisted primarily of static websites and few interactive examples, and the fact that 

user agents varied significantly in their support of accessibility features, the guidelines focused 

primarily on providing alternative content. Considering the significant changes in how websites 

are constructed and what features they incorporate since the turn of the millennium, it became 

clear that the standard’s lack of flexibility regarding new technologies, and limited suitability 

to test, required modernization. Hence, in 2000, the W3C assembled a working group to develop 

WCAG 2.0 as a successor version (Reid & Snow-Weaver, 2008). 

Issues of broad applicability and testability regardless of technical details are addressed in 

WCAG 2.0 by openly phasing out technology-specific language. The requirements of WCAG 

2.0 arrange around four principles of accessibility, according to which web content must be: 

1. Perceivable: Users must be able to perceive presented information through whichever 

sense they can. 

2. Operable: Components of the user interface and navigation must not require interaction 

that a user cannot perform. 

3. Understandable: Users must be able to understand information and functionality. 

4. Robust: Content must be rendered reliably to various user agents, including assistive 

technologies under consideration of their technological advancement. 

A series of guidelines focus on every one of these principles. Several Success Criteria support 

each of the 12 total guidelines, presented in technology-neutral assertions that result in true or 

false when tested against specific Web content. That way, testable criteria exist to determine 

whether content satisfies WCAG 2.0 objectively, regardless of the technology in use. Good 

practices to meet a Success Criterion, including advice on and descriptions of the intent of such, 

are provided through additional documents (Caldwell et al., 2008). 
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WCAG organizes its requirement Success Criteria since version 2.0 into three groups called 

conformance levels - A, AA, and AAA. The WCAG working group assigned each Success 

Criterion to one of the three conformance levels, considering a broad range of interacting issues. 

Setting the corresponding level included common factors such as: 

• the necessity of the Success Criterion so that assistive technology can make the content 

accessible  

• the applicability to all websites and types of content 

• a reasonable extent of skills required by authors to achieve 

• limitation on function, presentation, freedom of expression, design, or aesthetics 

• the existence of workarounds 

In a way, these levels serve as an order for implementation, where level A as the minimum 

conformance level is always required. In contrast, Level AA requires satisfaction of all Level 

A Success Criteria. Level AAA requires the satisfaction of all other levels or providing an 

alternative conforming to level AAA. It is further recommended that Level AAA conformance 

not be required as a general policy for entire sites, as satisfying all Level AAA Success Criteria 

is impossible for at least some content. 

Table 4 lists WCAG 2.0 success criteria that apply to the provision and control of audio 

descriptions along with their corresponding description and conformance level. 

Table 4: WCAG Success Criteria directly regarding audio descriptions 

Criterion Description Conformance level 

1.2.3 Audio Description or Media Alternative 

(Prerecorded) 

Audio description, or a full-text alternative 

of prerecorded video content is provided 

for synchronized media, except if such 

media is a labelled alternative for text 

A 

Audio description chosen as alternative AA 

1.2.5 Audio description (Prerecorded) 

Audio description is provided for 

prerecorded video content with 

information that is not already in the 

original audio track 

AA 
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Criterion Description Conformance level 

1.2.7 Extended audio description 

If the sense of a video cannot be described 

within its natural pauses in foreground 

audio, extended audio descriptions are 

provided 

AAA 

1.2.8 Media alternatives 

Visual and auditory information is also 

available in text form. Non-speech sounds 

(e.g., laughter) are described, 

unconstrained to pauses 

AAA 

 

It is worth noting that several Success Criteria regarding audio description overlap with each 

other. Choosing to use audio description in Criterion 1.2.3 will also satisfy Criterion 1.2.5, thus 

adding up to level AA-conformity. This extent is further illustrated in Figure 5. 

 

Figure 5: Extent of conformity of WCAG Success Criteria or combination thereof 
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In 2018, the W3C extended WCAG 2.0 by publishing WCAG 2.1. However, WCAG 2.1 does 

not deprecate or supersede WCAG 2.0, content conforming to WCAG 2.1 also conforms to 

WCAG 2.0. The new publication is intended to provide alternate means of conformance for 

policies that require conformance to WCAG 2.0. No changes to the provision of audio 

descriptions are included, but web content creators are advised to use WCAG 2.1 to ensure 

maximum future applicability of accessibility efforts (Kirkpatrick et al., 2018). 

There is a currently incomplete working draft for WCAG 3.0, intended to be developed into a 

W3C standard within the next few years. In its current state, it proposes covering more user 

needs, especially for users with cognitive disabilities and more flexibility to address different 

types of content. A conformance model is likely to be introduced, rating outcomes on a scale 

from 0 to 4, instead of merely true or false. Conformance levels are planned to include Bronze, 

Silver and Gold instead of A, AA, and AAA, while Bronze would be similar to WCAG 2 level 

AA. The working draft is however likely to change barely or considerably (Henry, 2021). 

3.2.5. BITV 2.0 

The European Union granted its Member States until September 2018 to establish implementing 

legal acts to comply with Directive 2016/2102 (Web Accessibility Directive, see 3.2.2). 

Germany adopted the Directive on a federal level in its Federal Disability Equality Act 

(Bundesbehindertengleichstellungsgesetz [BGG]). 

As per § 12d, the BGG authorizes implementing a regulation that addresses the accessibility of 

websites and mobile applications of public institutions. This regulation is known as BITV 

(Barrierefreie-Informationstechnik-Verordnung). Similar to the successor version of WCAG 

2.0, the BITV has been improved in the same harmonization effort to comply with the WAD 

and is now in force as BITV 2.0. Particular changes include that norms to be applied are no 

longer described directly in the regulation. It instead refers to norms and standards 

recommended by the European Union, currently the European Standard (EN) 301 549 (see 

3.2.3). 

Even though the BITV 2.0 does not state information about audio descriptions or other technical 

details, its referral to EN 301 549 demands indirectly that audio description is to be provided 

under Success Criteria of WCAG 2.0. 
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3.2.6. Other national guidelines 

Beyond the legislation and guidelines outlined heretofore, the U.S. has adopted the 21st Century 

Communications and Video Accessibility Act of 2010 requires the American top four broadcast 

networks and the five non-broadcast networks to provide a total of 50 hours per calendar quarter 

of audio description (Joehl, 2015). 

Section 508 of the Rehabilitation Act requires federal ICT to be made accessible in accordance 

with the WCAG 2.0, which requires audio description. 

In 2017, the American Council for the Blind and other individuals filed a class action suit 

against Hulu, one of the largest online-streaming services of the U.S., for failing to provide 

audio description. Hulu committed to obtain audio descriptions for all content for which Hulu 

controls the respective rights, and for content from third-party providers where it is 

commercially reasonable (ACB v. Hulu, 2017; DRA, 2018). 

Netflix director of content Tracy Wright (2015) stated that Netflix would increase the number 

of audio-visual translations for movies and shows in their English-language catalogue, with 

prospect to adding other languages in the future. The author states further that Netflix is 

expected to provide audio descriptions for all major Netflix original series across devices such 

as smart TVs, tablets, and smartphones. 
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4. Methodology 

This chapter aims to inform the reader about the methodology of how conducted this research 

was conducted and how results were acquired. Possible alternative approaches will be 

discussed. 

The scope of this thesis covers the development of a concept for audio descriptions with 

multiple layers of detail. The aim is to ascertain that such a concept would provide a benefit for 

users in everyday situations regarding the consumption of different video content. Said concept 

includes a file structure to store and present the information available in different layers. A 

prototype of such a concept was developed and consolidated into the existing Able Player 

software. The resulting prototype was validated with a qualitative user test. These steps will be 

examined further in the following subchapters. 

4.1. Development Methodology 

Firstly, a literature research process was conducted in order to assess existing practices, 

guidelines, and legal basis, in an effort to understand the subject matter of this research. This 

measure included examining user needs that blind or vision-impaired people have and standard 

practices that apply to audio descriptions. 

Secondly, a concept was developed where the information that audio description contributes is 

incorporated into three layers of information depth. The lowest level contains the most 

necessary amount of information that can fit into existing natural pauses. In contrast, the highest 

level contains more details of what is visually apparent in a video. 

In addition to that, the concept includes a feature to provide additional explanations aiming to 

help users better understand the video content without having to abandon the web page where 

the player is embedded. In the context of this thesis, this feature is referred to as “opt-in 

explanations” due to the process of a user having to actively cause the supplementary content 

to be displayed. 

Finally, under the consideration of the corresponding technical requirements, a data structure 

able to contain the information at various levels was developed, along with a modification of 

the Able Player, an open-source video player, to support the handling of the layered audio 

descriptions and opt-in explanations. Chapter 5 covers the implementation process in more 

detail. 
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4.2. Validation Methodology 

The development and prototypical implementation analyzed in Chapter 4.1 were validated with 

a qualitative user test to determine its benefit and added value for a user, and to seek additional 

opinions on the concept’s applicability and possible extension. 

The reason for the evaluation method being in the form of a qualitative user test lies in the fact 

that the focus is on the depth of content, using a smaller sample size to achieve this focus. A 

quantitative study would focus on rather as many cases as possible for a statistical evaluation, 

usually based on an existing theory and abundant literature. However, as this study aims to use 

a small number of individual cases to evaluate interpretively, referring to a concept that did not 

yet exist in such a way, a qualitative study was chosen. 

Participants for the test were acquired using a “convenience sample” (Cropley, 2019) through 

an invitation sent out to students at Stuttgart Media University who attended Human-Computer-

Interaction and Usability Engineering lectures. Therefore, previous basic knowledge about 

digital accessibility, including audio description, could be presumed, although not being a 

compulsory requirement. Students were offered a lecture bonus point for their participation in 

the study. Further requirements included participants to be at least 18 years old and consent to 

the terms of the study themselves. As the test was preferably conducted in English and 

contained English video material and descriptions, students were expected to have sufficient 

proficiency in the English language. This level was recommended to be of at least B2 according 

to the Common European Framework of Reference for Languages (CEFRL). As all domestic 

students at Stuttgart Media University take an assessment on their English language proficiency 

as their study program commences, they were expected to provide such a reference effortlessly 

or at least be able to estimate. The sample size of the study was proposed to consist of at least 

five participants, according to Faulkner (2003). 

Due to the circumstances associated with the Covid-19 pandemic, the user test took place as a 

synchronous remote test (Jacobsen & Meyer, 2019). The test environment was provided on the 

infrastructure of bwCloud – an IAAS-environment operated for academic research and teaching 

in the German state of Baden-Württemberg – which participants could access after being given 

the server’s public IP address. 
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As the test was in a synchronous form, it was moderated and observed by the author in real-

time. Participants were not informed about the fact that the person moderating the test was also 

responsible for developing the features being tested, as Jacobsen & Meyer (2019) recommend 

averting such an affiliation – if not possible otherwise – to allow users to freely express criticism 

against a system without recognizing they would be criticizing the person responsible for the 

development of such system. 

Five participants signed up for the tests, which were conducted during the fourth week of July 

2021. Each test took place on a conference system on the infrastructure of Stuttgart Media 

University, where it could be recorded and stored following applicable privacy laws. In 

accordance with the consent form approved during an earlier ethical review process (see Annex 

A) and signed by participants, they were informed that they could interrupt or abandon the test 

anytime. Additionally, they gave their written and oral consent for the session to be recorded. 

  

Figure 6: Screenshot of participant conducting the remote user test 
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Participants watched a short excerpt of about 1:30 minutes from a recent technology conference 

for the first scenario in a browser of their choice. The video had been greyed out so that visual 

content could only be perceived through audio and the corresponding audio description script 

prepared for this part, including three levels of detail. Users were asked to watch the scene and 

adjust the depth of information level setting to their liking until they felt most comfortable with 

the extent of details provided for this type of content. The participants were not given a 

restriction of time until they had to finish the task or how often they would choose to re-play 

the video. During this exploratory time, the moderator muted the microphone not to disturb or 

distract the participant. The task ended with the participant’s signal. Subsequently, questions 

regarding the perception and impression of the watched content in consideration of the chosen 

level of detail were asked. The detailed questions and responses will be presented in chapter 6. 

Next, following the same procedure, a short excerpt from an action movie by was played. This 

video was distinct in character and detail from the one previously shown. Again, participants 

were given the task to watch the content, find their suitable setting, and subsequently, answer 

the same set of questions. This task aimed to observe whether participants would choose a 

different level of detail and which that may be. The results will likewise be presented in chapter 

6. 

Lastly, the third and final task focused on the benefit and general acceptance of the concept of 

opt-in explanations. Again, a short scene of about 1:30 minutes was chosen, depicting an 

interview with a scientist about a biological research project. This time, the video was not 

concealed. During the video, however, at three prominent positions, definitions of spoken, 

subject-specific terms were provided that participants could choose to display if they pressed 

an associated key. They were again free in taking their time and re-playing the video. Once 

finished, another set of questions was asked regarding the usefulness of the explanations and 

possible extensions or applications a participant could imagine for this concept – chapter 6 

outlines these questions and corresponding responses.  
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4.3. Summary and alternative approaches 

As discussed in the previous subchapter 4.1, the methodology of this study embodies a 

prototypical implementation of a distinct concept for multi-layered audio descriptions and 

additional explanatory content in the style of “opt-in explanations”. A qualitative user test to 

validate this implementation was conducted as examined in chapters 4.2 and 6. 

In summary, this research documents the development and validation of a proof of concept. 

Data were acquired during validation using a qualitative approach, while quantitative data being 

obtained in the user tests render the overall approach to be mixed-method. Obtained results are 

evaluated inductively, indicating that no existing theory is being evaluated but rather 

established based on the validation results. 

Quality criteria that apply to qualitative research include transparency, intersubjectivity, and 

conformability (Genau, 2020; Korstjens & Moser, 2018). Those criteria and measures to their 

achievement are outlined in Table 5. 

Table 5: Research quality criteria 

Quality criterion Description Measure undertaken to accomplish 

Transparency Procedure is explained in 

detail and open to 

scrutiny. 

Methods of how the concept was 

developed and how data was acquired is 

outlined thoroughly, allowing to readers 

to assess the validity of those data 

appropriately. 

Intersubjectivity Selection of possible 

ways of interpretation is 

provided to the acquired 

data. 

Results acquired from research are 

presented, discussed, and offered 

possible ways of interpretation in 

chapter 6. 

Conformability Findings could be 

confirmed by another 

research. 

Limitations and possible interference 

with the data acquiring process are 

outlined and evaluated. 
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To the author’s knowledge, the kind of layered audio description concept does not yet exist, nor 

has it been subject to publicly available research. The resulting narrow scope of this subject 

matter is ruling out exclusively quantitative approaches such as a survey, literature research, or 

content analysis. Additionally, it is not easy for participants of a survey to answer questions 

regarding a concept or development that they have not seen before. 

An expert interview could have provided additional insight, preferably with blind or vision-

impaired people. However, as argued before, without a demonstrable system, the substance of 

such an interview would rely solely on the participant’s imagination. Furthermore, the 

recruitment of blind or vision-impaired people proved difficult, especially considering that a 

remote user test would have required assistance on the participant’s end to circumvent possible 

software malfunction that cannot be ruled out in a prototype. 
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5. Implementation 

This chapter will describe the details on how the features of multi-layered audio descriptions 

and supplementing explanatory content, further referred to as “opt-in explanations,” were 

implemented into a testable prototype. Firstly, the requirements for the possible user scenarios 

will be examined and the scenarios described. Then, the data structure to contain the necessary 

information will be established and demonstrated. Finally, an existing foundation for these 

features to be implemented into, known as Able Player, will be introduced in chapter 5.2., 

followed by a description of how these features have been implemented into that foundation in 

chapter 5.3. 

Offering information in the form of multiple selectable layers of information depth initially 

required a decision on the number of levels suitable to provide such information. To balance 

between the effort for both authors, who would have to incorporate their information into these 

levels, and users, who would have to choose and presumably experiment with the available 

levels, a total number of three levels was chosen. In this manner, description content can be 

associated with one of “low,” “medium,” or “high” levels of information. Table 6 shows a 

comparison of the content of these levels, as created from WWDC (2021) as part of the 

validation process. 

Table 6: Comparison of the three levels of information 

Level Characteristics Example 

Low Basic information that is 

necessary to follow the watched 

content. Comparable to the 

amount of information already 

available in audio descriptions 

in a non-extended form. The 

description content usually fits 

into the natural pauses of the 

main content without a freeze or 

auditory overlap. 

“An avatar appears on 

the screen.” 

Medium Descriptions are no longer 

bound to fit into natural pauses 

forcibly. The level of details 

“An avatar of a man with 

white hair appears on the 

screen.” 
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exceeds those of “low” by 

including additional effects that 

led to or result from actions that 

would have been described in 

“low.” 

High Highly exceptional level of 

detail. Comparable to the 

amount of information available 

in common extended audio 

descriptions. Description 

content is unbound to natural 

pauses and includes details 

regarding the appearance, color, 

and other visual details that may 

be subtle but still bear meaning 

within the content, although not 

explicitly required to follow the 

visual content at the given 

position. 

“The speaker turns to the 

screen behind him, where 

an avatar of a man 

appears with white hair 

combed to the side. They 

look at each other.” 

 

As described in chapter 5.1, a description object includes attributes such as the level of detail, 

starting timestamp and the ending timestamp. Although not a part of this research, extending 

these categories could bear potential for future work (see chapter 7 for details). 

Furthermore, a feature of explanations that provide additional insight into the watched content 

was developed (“opt-in explanations,” see also chapter 4.1). This feature intends to provide 

background knowledge of spoken terms in complicated contexts that would help users with 

visual or cognitive disabilities to follow content more efficiently. Inspiration for this objective 

can be found in the HTML Abbreviation element, as shown in Figure 7 with an example by 

MDN (2021a). 
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The Abbreviation element offers a method to provide expansions or definitions of a specific 

term outside the flow of a document’s content. The meaning of such a term is located within 

the element’s title attribute. Most browsers present the content of the Abbreviation element 

with a dotted underline and the explanation text as a tooltip when hovering over the term with 

the mouse cursor. 

Taking the screenshot of Figure 7 as an example, it would be apparent for a user who is not 

blind or visually impaired to recognize that an explanation is available solely by its visual 

presentation. Making such a feature available for video content consumed by users with visual 

or cognitive concerns in a web context was the aim of this second implementation part. 

Comparable to the HTML Abbreviation element, the explanation content to be made available 

for a video player would consist of the same properties: The “abbreviation” (the term to be 

explained) and the content of the “title attribute” (the explanation content). The implemented 

properties are listed below in Table 7. 

Table 7: Implemented properties of opt-in explanations 

Property Definition 

Cue Term to be defined or explained. 

Content Explanation or definition. 

 

The inclusion of such explanations into a parsable data structure and the audio description 

information in multiple levels are outlined in the following chapter 5.1. 

  

Figure 7: Screenshot of a rendered HTML 

Abbreviation element example 
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5.1. Data structure 

In this chapter, the step of incorporating data into a parsable structure suitable to fulfill the aims 

and requirements laid out in the previous section will be examined.  

There is no single standardized format to deliver audio descriptions. In many cases, audio 

descriptions are prerecorded and delivered as a media-based format in an additional audio track 

to the video. Scripts written and then recorded during production do not need to follow a 

standardized structure, as long as both authors and speakers can observe time-based 

information. However, as speech synthesis technologies become more broadly available, 

especially natively in modern web browsers, audio descriptions can be generated dynamically 

on a textual basis. In this case, audio description scripts may orient to structures commonly used 

for subtitles and captions. 

Even before the official deprecation of Adobe Flash, the various advanced features of HTML5, 

especially enabling browsers to render multimedia content natively, became the predominant 

approach to create interactive multimedia websites. One of such features is the Embed Text 

Track element (<track>), used in conjunction with parent elements such as <audio> and 

<video>, specifying timed text tracks to provide subtitles or descriptions to a media file in a 

text-based format. 

The Web Hypertext Application Technology Working Group (WHATWG), a community 

founded after a W3C workshop in 2004, opened a discussion in 2010 about which text format 

to use in combination with the HTML5 track element recently created, ultimately intended to 

display captions and subtitles (Pfeiffer, 2010). The consolidated choice was between an existing 

XML-based standard for timed text (TTML) or the purely text-based format SubRip Text (SRT). 

According to Hickson (2010), the latter has already been adopted in numerous applications and 

video players. In order to, among others, make use of as much existing infrastructure as 

possible, this format was ultimately chosen by the working group. The adopted format was 

initially named WebSRT but later renamed to WebVTT (Tai, 2013). Code 1 shows a simple 

example of a subtitle cue with time-related information in WebVTT: 

Code 1: Simple WebVTT example 

1: WEBVTT 
2:  
3: 00:01.000 --> 00:04.000 
4: This is an example subtitle.  
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As demonstrated in Code 1, the formatting of information in WebVTT is both lightweight and 

highly human-readable. The content is structured in cues, consisting of a text segment along 

with a corresponding time interval. Such interval is identified by a line beginning with a 

timestamp of the start time offset of a cue and ends with the end time offset in the same format, 

conjoined by whitespace characters and the string “-->,” representing a left-to-right arrow. In 

the same fashion, WebVTT can further provide other time-aligned data such as chapters, media 

meta-data, and descriptions intended to be synthesized as dynamic audio descriptions. Code 2 

demonstrates an implementation of WebVTT files for both captions and descriptions through 

the HTML track element with the kind attribute specifying its interpretation. 

Code 2: Use of several WebVTT files in HTML 

1:  <video src="/path/to/video.mp4"> 
2:       
3:      <track kind="captions" src="media/captions.vtt" /> 
4:      <track kind="descriptions" src="media/descriptions.vtt" /> 
5:       
6:  </video>  

The WebVTT format further supports features such as comments, multi-line cues, custom 

styling through CSS, cue identifiers, writing direction specification, vertical and horizontal 

positioning, and timestamp tags to enable karaoke-style captions. 

However, for the purpose of this study’s development, the WebVTT format proved insufficient 

in providing necessary meta-information. A comparison between the requirements for a data 

structure incorporating information as laid out in chapter 5 and imaginable approaches based 

on the features offered by WebVTT are presented in Table 8: 

Table 8: Concept requirements and feasibility in WebVTT 

Requirement Feasibility in WebVTT 

Classification of a cue to one of multiple 

levels of information depth 

None natively, possibly by including one 

file per level of information depth 

Storing a title and text segment for 

explanations along with time-based 

information and categorization 

None 
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Even though the requirements for such data structure may be considered experimental, their 

implementation demands a distinct structure method. In this case, an XML-based data structure 

was chosen, the justification thereof is further discussed in Table 9: 

Table 9: Discussion of arguments for and against an XML-based data approach 

Advantages Disadvantages 

• A description cue can be associated 

with a layer of information through 

an attribute. 

• Multiple layers of information can be 

incorporated into one single file, 

enhancing maintainability. Even 

when multiple layers result in long 

scripts, cues may be filtered by 

attribute without difficulty. 

• Translations of descriptions could be 

incorporated into the same file as the 

original, thus advancing the inter-

operability between source and 

target contributors. 

• As an industry standard, XML 

provides broad applicability in 

various technologies such as 

browsers and editors. 

• Validity ensured through XML 

schema definition. 

• Increased complexity of syntax 

leading to declined readability. 

• Increased data overhead through 

more extensive notation. 

• The applicability of requirements of 

this study is to be implemented 

entirely. 

 

One characteristic of XML is that it is a language that enables developers to create specific 

markup for customizable use cases. In such a fashion, Rothfuss and Ried (2003) refer to it as a 

content description language. Content structures can be nested to any depth to represent even 

highly complex hierarchies of any kind. In addition, domain-specific vocabularies can be 

defined to describe the elements that constitute documents or other structured data objects so 

that computers can process these elements the same way as if they understood what the names 

given to the elements mean (Vonhoegen, 2018, p. 31).  
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Such vocabulary has been defined in an XML schema notation. The purpose of such a schema 

is to be able to examine any document for well-formedness and validity. It describes and defines 

possible utilization and relations of components, precisely XML elements, that make up a 

document. The implementation of XML elements to represent audio description cues according 

to the concept of this study, along with their attributes, is illustrated in Figure 8. 

 

Underneath the designated root element <body>, an unbounded number of descriptions 

element may occur. Such description element, specified as <desc>, includes three attributes: 

“Level” specifies the layer of information depth that element is associated with and can be one 

of “low,” “medium,” or “high.” Inside the <desc> element is the <content> element. The 

potential extension to incorporate several languages within the definition of the same 

description cue justifies the embodiment of an additional element in such a manner. 

  

body

desc

level
position
end

content

desc

level
position
end

content

XML element

attribute

Key

Figure 8: Tree representation of XML description 

elements 
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A <desc> element is further associated with the attributes “position,” referring to the start time 

offset of the cue, and “end,” uniformly referring to the end time offset until the cue should be 

displayed. These attributes aim to adapt to the properties in use by WebVTT to ensure utmost 

compatibility and operation. The respective XML schema for the <desc> element is shown in 

Code 3 between the lines 16 and 25. Note that the definition of the explanation cue element has 

been omitted in this example but will be presented later in Code 6. 

Code 3: XML schema for the description element 

 1: <xs:element name="body"> 

 2:     <xs:complexType> 
 3:         <xs:sequence minOccurs="1" maxOccurs="unbounded"> 

 4:             <xs:choice> 

16:                 <xs:element name="desc"> 
17:                     <xs:complexType> 

18:                         <xs:sequence> 

19:                             <xs:element name="content" type="xs:string" /> 
20:                         </xs:sequence> 

21:                         <xs:attribute name="position" type="timecode" /> 

22:                         <xs:attribute name="end" type="timecode" /> 
23:                         <xs:attribute name="level" type="depth" /> 

24:                     </xs:complexType> 

25:                 </xs:element> 
26:             </xs:choice> 

27:         </xs:sequence> 

28:     </xs:complexType> 
29: </xs:element>  

The attribute for “level” is restricted by a data type definition named “depth” to conform with 

only the three acceptable levels. This data type definition is outlined in Code 4. 

Code 4: Data type definition for the information depth 

1:  <xs:simpleType name="depth"> 
2:      <xs:restriction base="xs:string"> 
3:          <xs:enumeration value="low" /> 
4:          <xs:enumeration value="medium" /> 
5:          <xs:enumeration value="high" /> 
6:      </xs:restriction> 
7:  </xs:simpleType>  

Similarly, the timecode of the attributes “position” and “end” is conformed with a data type 

definition. The format follows the WebVTT timestamp in order to be interpreted in a most 

compatible way. Based on the W3C Candidate Recommendation, the timestamp consists of 

sections of two ASCII digits representing the hours, minutes, and seconds, separated with a 

colon. The final number represents the thousandths of a second in the form of three digits. This 

data type definition is outlined in Code 5. 
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Code 5: Data type definition for the timecode 

1:  <xs:simpleType name="timecode"> 
2:      <xs:restriction base="xs:string"> 
3:          <xs:pattern value="\d{2}:[0-5][0-9]:[0-5][0-9]\.\d{3}" /> 
4:      </xs:restriction> 
5:  </xs:simpleType>  

Finally, as the XML-based approach offers the flexibility to incorporate the element of an 

explanation cue into the same document, the schema for such an element is embedded inside a 

choice disjunction. This formation is itself nested inside the sequence thus allowing an 

arbitrary number of occurrences of either a description or explanation element. The definition 

for an explanation element under its defined properties (see Table 7) is outlined in Code 6 and 

illustrated in Figure 9. 

Code 6: XML schema for the explanation element 

 5: <xs:element name="expl"> 

 6:     <xs:complexType> 
 7:         <xs:sequence> 

 8:             <xs:element name="cue" type="xs:string" /> 

 9:             <xs:element name="content" type="xs:string" /> 
10:         </xs:sequence> 

11:         <xs:attribute name="position" type="timecode" /> 

12:         <xs:attribute name="end" type="timecode" /> 
13:         <xs:attribute name="category" type="xs:string" /> 

14:     </xs:complexType> 

15: </xs:element>  

body

expl

category
position
end

cue

XML element

attribute

Key

content

Figure 9: Tree representation of XML 

explanation elements 
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5.2. Implemental foundation 

This chapter will introduce the base software into which the features mentioned before have 

been implemented.  

HTML5 provides numerous markup elements for supplying accessible media, including the 

<track> element, which has been discussed before (see chapter 5.1). Although all major 

browsers support the delivery of captions and subtitles, none support the accessibility features 

presented by HTML5 to a full extent. Connecting user needs with current browser support, 

Thompson (2018) developed the open-source HTML5 media playout software, Able Player. 

The software supports all five kinds of text tracks that can be provided with the <track> 

element: Subtitles, captions, metadata, and chapters. Able Player is shared under the terms of 

the Expat License (also known as MIT License (FSF, 2017)), permitting to copy and modify the 

software without restriction and hence, rendering the software suitable for the scope of this 

study. 

Figure 10 shows the graphical user interface of Able Player, featuring demo content produced 

by the DO-IT Center at the University of Washington. 

  

Figure 10: Screenshot of Able Player 
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Also visible in Figure 10 is the control bar that includes, among the standard controls such as 

Play, Pause, and volume control, toggle buttons to activate captions, descriptions, and a 

transcript (see the section to the right in Figure 10) if sources files are provided. Figure 11 

shows these control buttons in detail, highlighted in a green square. 

 

Captions and audio descriptions can be included using several <track> elements with the 

corresponding "kind" attribute. In Able Player, they are consolidated when a web page is loaded 

and made available during the playout of a video. Captions are displayed over the lower part of 

the video, and descriptions are attempted to be spoken using the Web Speech API supported by 

most browsers. It utilizes speech synthesis to make the written description audible automatically 

(Natal et al., 2020). If the API is not available, the text of the descriptions will be written out to 

an ARIA live region on the web page and – if chosen – made visible in a description area 

underneath the main controls. These areas are both visible in Figure 12: 

 

Figure 11: Text track toggle controls in Able Player 

Figure 12: Caption and description areas in Able Player 
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5.3. Integration 

The realization of the features described before into the Able Player will be summarized in this 

subchapter. The focus will be on implementing both multilayered audio descriptions and opt-

in explanations, emphasizing the integrational part of the development. 

Able Player consists of several JavaScript source files intended for different operations such as 

event handling, settings management, or parsing of text sources such as WebVTT files. When 

building the Able Player source, those file contents are being combined in a specific order into 

a single file using the JavaScript Task Runner Grunt. Code 7 shows how this minimized, single 

file can afterward be embedded into a web page, omitting page metadata as well as stylesheet 

and dependency links. In order to keep the focus on the functional elements of the integration, 

these source files will subsequently be treated uniformly. 

Code 7: Including the compiled Able Player source into a web page 

1:<!DOCTYPE html> 
2:<html lang="en"> 
3:<head> 
4: 
5:    <!-- Able Player JavaScript --> 
6:    <script src="build/ableplayer.min.js"></script> 
7:   
8:</head>  

Integrating the features has been performed carefully to ensure maximum compatibility within 

the existing framework and to establish a development and testing workflow generating as little 

interference as possible while maintaining flexibility. Therefore, objects and data structures 

have been arranged and manipulated to conform as much as possible to existing ones. These 

performances will be laid out in detail in the following subchapters. 
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5.3.1. Multilayered audio description 

The implementation of multilayered audio descriptions incorporated in an XML-based file 

structure into the Able Player initialization process will be outlined in this subchapter. 

Code 2 presents how text tracks are combined in a media file via the <track> element. When 

Able Player is initialized, track loading procedures are executed, as shown in Figure 13: 

 

Whenever the player is recreated, for example, when a browser executes the compiled script 

during a page load, the setup function calls a method to retrieve all <track> elements that exist 

for a given media object. Each track is subsequently handed over to a set of functions that 

acquire the contents of a <track> element, according to its kind attribute, to internally store 

caption and description tracks separately. The focus will further be on description tracks and 

contents. A WebVTT file is parsed according to the algorithm described by Pfeiffer et al. (2019, 

Chapter 6), resulting in an internal array of extracted cue objects. The payload of these objects 
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i = 0

Yes
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END

Figure 13: Initial caption loading procedure in Able Player 
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(see Code 8) consists of properties including, but not limited to, start and end times, an 

identifier, and the value of the description text. Each array of cues is again stored within a global 

descriptions array that may hold multiple collections of description cues, intended to be 

separable by language. This hierarchy is visible in Figure 14. 

 

Code 8: Description cue payload 

 1: { 

 2:   "id": 1, 
 3:   "start": 0.005, 

 4:   "end": 4, 

 5:   "settings": {}, 
 6:   "components": { 

 7:     "type": "internal", 

 8:     "tagName": "", 
 9:     "value": "", 

10:     "classes": [], 

11:     "annotation": "", 
12:     "parent": null, 

13:     "children": [ 

14:       { 
15:         "type": "string", 

16:         "value": "This is the description content to be read aloud." 

17:       } 
18:     ], 

19:     "language": "" 

20:   } 
21: }  

  

Figure 14: Global descriptions array after parsing 
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In order to enable Able Player to distinguish between the regular description file format and the 

newly developed one in this study, an XML description file can be embedded with the kind 

attribute as ext-descriptions as shown in line 7 of Code 9. Although this keyword is 

technically invalid, it is handed over to Able Player without further complications. As MDN 

contributors (2021b) point out, only in an instance of Google Chrome earlier than 52, released 

in 2016, this kind would have been interpreted as subtitles. 

Code 9: Embedding the XML-based description file 

 1: <video 
 2:     id="video1" preload="auto" width="480" height="360" 
 3:     data-able-player playsinline> 
 4:      
 5:     <source type="video/mp4" src="../media/test.mp4"/> 
 6:      
 7:     <track kind="ext-descriptions" src="example.xml" srclang="en"/> 
 8:  
 9:  
10: </video>  

The file is retrieved, and its contents are made internally available for further processing. At 

this point, significant modifications have been made to allow the XML file to be converted into 

the same cue object structure as mentioned previously. Figure 15 shows the modified parsing 

process, taking place inside the loop outlined in Figure 13. 

trackSrc

trackText

loadTextObject

setupDescriptions

Yes

No

kind ==
"ext-descriptions?"

cues

parseXML

cues

parseWebVTT

level

cues

for each level

End

Figure 15: Choice process of setting up cues from either WebVTT or XML 
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Another benefit of the XML-based structure for the multilayered audio descriptions is the 

possibility of treating the file contents as an element tree of nodes. Within the parseXML 

function, a loop traverses through all nodes, sorting them according to their type (<desc> or 

<expl>, see chapter 5.1) as well as their information level and contents. The results are 

incorporated into several JavaScript Object literals that will eventually be merged into the cue 

array hierarchy visible in Figure 16, where level “low” is expanded for demonstration. 

 

Able Player provides a user menu with controls over various accessibility aspects, including 

captions and descriptions, in separate sub-menus that are reachable from the settings button on 

the player’s control bar. The options to select the desired level of information were added as a 

dropdown menu within the descriptions menu. Such settings are stored by Able Player in a 

cookie, allowing them to be restored after page reload. The selected level of information is 

incorporated into the functions responsible for delivering description content in both visible and 

audible forms. If a user changes the level of information during playback, a reload of the 

description initialization sequence is invoked, providing the cues of the newly selected 

information level to the frontend. 

Figure 17 displays the settings submenu where corresponding options for descriptions can be 

managed, including the options for the information level at the bottom of the list. 

  

Figure 16: Global descriptions array organizing cues in information depth levels 
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These settings may be combined with the existing options for the character of the synthesized 

voice. As provided by the Web Speech API, attributes to modify the voice include the voice 

itself depending on user-agent engine availability, volume, speaking rate, and speaking pitch 

(Natal et al., 2020). 

  

Figure 17: Options for audio descriptions in Able Player 
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5.3.2. Opt-in explanations 

The concept of opt-in explanations follows a similar approach regarding the process of reading 

and initializing the corresponding internal objects. As mentioned before in chapter 5.1, content 

for the explanations may be incorporated into the same file as descriptions, thus not requiring 

additional embedding under a separate <track> element. Its XML-based syntax allows 

explanation cues to be parsed without a need for a custom text-based parser. Figure 18 

demonstrates, by extending Figure 15, how explanations are introduced globally into Able 

Player. 

 

 

The timecodes of the explanations are parsed in the same fashion as those of description 

elements. The parsing process results in a global array of explanation categories, each 

containing another array of cues as JavaScript objects. Like the description objects, these 

explanation-cue objects include an identifier, start and end time data, the cue’s title for 

announcing, and the content to be displayed upon request. Figure 19 shows a screenshot of the 

object hierarchy subsequent to the parsing process. 
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loadTextObject
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"ext-descriptions?"
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cues

parseWebVTT
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for each level

End

setupExplanations

explanations

cues

category

cues

for each category

End

Figure 18: Process of setting up descriptions and opt-in explanations 
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The functionality of the opt-in explanations is comparable to a pop-up that appears during the 

playback of a video to defined times. Considering the example of an unknown term that will be 

explained to a user through this concept, the position attribute determines when the cue’s title, 

containing the term itself, will be displayed. Within a defined time window, whose end is 

marked by the cue’s end attribute, the user may actively trigger the explanation content, the 

actual explanation to the unknown term, to be displayed. This behavior is invoked by pressing 

a designated shortcut key, hence the terminology of a user having to “opt-in.” The video 

playback will be paused to allow a user to focus on the consumption of the explanatory content. 

Finally, users may resume the video playback at their discretion. This general principle of 

operation is illustrated in the form of a sequence diagram in Figure 20. 

 

  

Figure 19: Global array of organized explanations including its corresponding cues 
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Carrying out the functionality as described heretofore is done by continuously examining 

whether an explanation cue can be inserted at the current position as the video progresses. The 

behavior is achieved by linking the necessary checks to the HTML timeupdate event. As 

outlined by Hickson et al. (2014, Chapter 4.7), this event is fired during media playback, when 

the currentTime attribute is updated by the user agent. Depending on the system load, the 

event is fired with a frequency between 4 and 66Hz. As long as the associated event handlers 

do not exceed 250ms in execution time, user agents may vary the frequency to maintain 

decoding the video comfortably. This sequence is illustrated in a flowchart in Figure 21. 

  

User

enqueue current cue

Able Player

display cue title

{t = now}

trigger display

display cue content; pause

resume video

press play

find explanation cue

Specific
explanation cue

current cue enqueued

{t < cue.end}

read cue content

find explanation cue

clear queue

Page ready

Figure 20: Sequence diagram of the function of opt-in explanations 
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Finally, Figure 22 shows the state of a cue that has been triggered to be displayed. The top row 

shows the cue’s title, while the bottom row shows the explanation that appeared after pressing 

the shortcut key. 

current position

trigger key active

timeupdate event

No Yeskey pressed?

e = 0 displayCueContent

YYes

e < cues.length?

Yes

cue.position <=

current position

Yes

cue !=

current

Yes

cue.end >=

current position

display cue title

set cue as current

Yes

current cue &&

cue expired

clear current cue

clear frontend display

Figure 21: Flowchart of display operation for explanation cues 

Figure 22: Active display of explanation cue’s title and content 
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6. Validation 

This chapter will outline the validation process used to determine whether the concept and its 

features, developed as outlined in chapter 5, benefit potential users. The validation process will 

be described in chapter 6.1, based on the previous methodology summary in chapter 4.2. Results 

of data acquired in the user tests will be presented in chapter 6.2. Finally, the results will be 

interpreted in chapter 6.3 to provide an overview of potential significance and limitations. 

6.1. Validation process 

Following the prototypical implementation of the concept of multilayered audio descriptions 

and opt-in explanations, a user test was planned to determine a proof of concept of the 

developed features. The recruitment process is outlined in chapter 4.2. To examine whether 

audio descriptions in multiple levels of detail benefit potential users, two videos of different 

styles were selected and prepared, including the creation of audio descriptions. The videos did 

not provide audio descriptions already, so users would be unlikely to be influenced by audio 

descriptions with different content than what they might have seen before. 

Generating the audio scripts was done by adopting general techniques as outlined by Clark 

(2001). Techniques substantial for descriptions of this test include: 

• “Describe what you observe”: Describing what is truly visible rather than routine 

description. 

• “Serve only the audience”: Do not demonstrate expert vocabulary but focus only on the 

audience and the production. 

• “Describe actions and details that add to the understanding of personal appearance, 

setting, atmosphere, and mise-en-scène”: Telling what elements of a film present to 

provide an understanding of the production. 

• “Describe as consistently as possible, using the same character names and terminology 

throughout a production”: Terms and names should not change mid-production. 

• “Describe obvious emotional states”: Do not describe a motivation or anything else that 

is not apparent, for example, “He is surprised.” 

• “Do not specify an exact passage of time”: Use terms such as “nighttime” rather than 

“that night.” 
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Specific techniques that conform the amount of detail for available pauses and with regard to 

the narrator’s voice have been neglected, as they do not apply in this context. 

The first video to be validated (scenario 1A, see 6.2.1) was a scene from the recent technology 

conference WWDC (2021). It shows how a speaker enters a stage at the beginning and reveals 

an audience made of artificial avatars. During the presentation, graphics and text appear on a 

background projection screen. The speaker then hands over to another person in another room. 

This handover involves a special visual effect that proved appropriate to be described in several 

levels of detail. As the video was greyed out, participants were only able to consume the content 

based on the audio descriptions. They were asked to choose the level of detail according to their 

comfort and comprehension. Subsequently, participants were asked a prepared set of questions 

regarding the level of detail they chose and the reasons thereof. These questions are outlined in 

Table 10. 

Next, on another page, participants could interact with a second, different video (scenario 1B, 

see 6.2.2). This scene was from an action movie by Spottiswoode (1997) and involved a car 

chase, shooting, and high-paced cuts and music and lasted again about 1:30 minutes. The task 

for participants was the same as before. Upon completion, the same set of questions were asked 

(see Table 10). Upon estimation of the duration of the description utterances under default 

settings, Able Player had been modified to pause automatically when levels “medium” or 

“high” are selected. This setting took precedence over user-customizable settings from the 

descriptions-menu. 

The last video (scenario 2, see 6.2.3) involved the opt-in explanations, together with a video 

that was not greyed out this time. It showed an excerpt of an interview with Green (2015), about 

1:30 minutes in duration. As the speaker explains the circumstances of a major biological 

research project, opt-in explanations are offered at three different positions. The explanations 

consisted of one general category and regarded the terms “Clinical Pathology,” “Genome,” and 

“Chromosome,” representing terms of a general level of complexity. It was anticipated that 

participants use at least one of the explanations. Participants were instructed to make use of the 

explanations at their discretion. After that, another set of questions was asked regarding the 

benefit and imagination of using such opt-in explanations. These questions are outlined in Table 

11. For responses rating on a scale, a range between 1 and 7 was chosen, to align to the 

commonly used Likert scale, and to give participants the opportunity to choose a central option 

on that scale. 
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Table 10: Questions to participants after Scenario 1A and 1B 

ID Question Response options 

1A.1 / 

1B.1 

Which setting did you prefer 

for this video and why? 

Open question, choice of 

response at participant’s 

discretion. 

1A.2 / 

1B.2 

How detailed can you 

imagine the visuals being 

described? 

Between 1 and 7 (1 being not 

at all, 7 being very detailed). 

1A.3 / 

1B.3 

How would you rate your 

ability to follow the described 

content? 

Between 1 and 7 (1 being not 

at all, 7 being very easy). 

1A.4 / 

1B.4 

How helpful did you find the 

option to choose from 

different levels of detail?  

Between 1 and 7 (1 being not 

helpful at all, 7 being very 

helpful). 

 

 

Table 11: Questions to participants after Scenario 2 

ID Question Response options 

2.1 How helpful were the 

explanations in understanding 

the watched content? 

Between 1 and 7 (1 being not 

helpful, 7 being very helpful). 

2.2 What possible uses or 

extensions can you imagine 

for this kind of 

supplementary content? 

Open question, choice of 

response at participant’s 

discretion. 

 

After all the scenarios were completed, participants were given a chance to provide feedback 

about their overall experience and room to express any other questions or suggestions they 

might have had. 
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6.2. Results 

This section will present the user test results and list participants' answers to the questions as 

outlined in Table 10 and Table 11. 

Five persons have participated in the test. They will be referred to as P1-P5. As collected before 

the test scenarios, demographic data and information about previous knowledge are 

summarized in Table 12. 

Table 12: Participants demographic data and previous knowledge about AD 

Participant Age Previous knowledge 

about AD 

Language 

proficiency 

Browser used 

in the test 

P1 21 Only from the lecture. C1 Firefox 

P2 22 Only some. Activated 

audio descriptions in a 

movie once by mistake. 

C1/C2 Chrome 

P3 18 Only some. Knows 

about the option 

existing. 

C1 Chrome 

P4 20 From the lecture, where 

a video had to be 

created once with 

captions and 

descriptions. Knows it 

from movies. 

C1 Chrome 

P5 23 Some, seen it and knows 

it exists. Uses subtitles 

on a regular basis when 

learning foreign 

languages. 

B2 Chrome 
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6.2.1. Scenario 1A 

The levels set according to Question 1A.1 are illustrated in Figure 23. Participants were asked, 

which setting they chose for their video and to explain why. 

 

Participants preferred the options low or medium in contrast to option high. P1 stated options 

other than “low” to be distracting from the content. P3 rated information in level “high” as 

partially unnecessary, stating that it is distracting when the description provides more 

information than the actual presentation. Similarly, P5 perceived the highest level of 

information as overwhelming for this kind of video. P4 experienced a technical problem during 

the change to level “high” but stated that level “medium” was sufficient and comfortable. 

  

Figure 23: Results from Question 1A.1 
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The results from the following question 1A.2, regarding the detailedness of their visual 

imagination of the content, are illustrated in Figure 24. The scale ranged from 1, being not able 

to imagine the content in detail at all, to 7, being able to imagine the content in great detail. 

 

Hence, two participants rated their ability to imagine the visual content as 6 out of 7, with the 

level of detail set accordingly. The three remaining participants rated such ability as 3, 4, and 

5, respectively. 

Figure 24: Results from Question 1A.2 
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The results from question 1A.3 regarding the ability to follow the watched content, considering 

the interruptions caused by the description utterances, are presented in Figure 25. The scale 

ranged from 1, being not able to follow at all, to 7, being able to follow very easily. 

 

All participants stated being able to follow the watched content rather well, with two 

participants rating the highest available option, while two others chose the second-highest 

available option. P2 recognized not being used to the voice, causing the consumption to be hard 

at first, but stated to be gotten used to the voice as the video progressed. P2 ultimately rated 

their ability as five, still being on the upper half of the scale. 

  

Figure 25: Results from Question 1A.3 
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The results from the final question 1A.4 for scenario 1A are presented in Figure 26. This 

question regards the usefulness of the option to choose from different levels of detail, with the 

scale ranging from 1, being not helpful at all, to 7, being very helpful. 

 

The rating of the usefulness of choosing different levels of details with this video reveals a 

higher difference in range. Two participants rated the usefulness as 3, two more rated 4 and 5, 

respectively. Only one participant rated the option as very helpful. Additionally, P2 stated that 

if the description content is sufficient, they would not need more or fewer details, explaining 

that the description should either describe the content correctly or leave something out. 

  

Figure 26: Results from Question 1A.4 
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6.2.2. Scenario 1B 

In this scenario, the action movie scene was played. Participants followed the same procedure 

as under scenario 1A (see chapter 6.2.1). The results of the first question, 1B.1, regarding which 

level of detail participants chose for this video and why, are presented in Figure 27. 

 

Participants evidently preferred an extensive level of detail for this kind of content. P1 regarded 

“low” and “medium” levels as insufficient for an action scene and that in order to have an 

imaginary image of the scene, a high amount of details was necessary. A similar statement was 

made by P2, who changed through different settings but settled on “high” without repeating the 

video, affirming the need for a high amount of details. P3 initially chose “low” but changed the 

settings to “high” quickly. P5 stated that because of the nature of an action scene, they wanted 

to know what exactly was happening and described the high level of details as “very good.” P4 

chose “medium” as the only participant, arguing it was a comfortable option. 

  

Figure 27: Results from Question 1B.1 
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The results of question 1B.2, regarding the detailedness of participant’s visual imagination of 

the content, are illustrated in Figure 22. Analogous to 1A.2, the scale ranged from 1, being not 

able to imagine the content in detail at all, to 7, being able to imagine the content in great detail. 

 

Participants showed confidence in being able to imagine the visuals according to the provided 

audio descriptions. Two participants rated their ability as five, two others six, and the highest 

option, seven, respectively. Only P4 chose to rate a value of four while being the only 

participant that preferred to watch the content with a “medium” detail setting. 

  

Figure 28: Results from Question 1B.2 
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The following question 1B.3 regards the ability to follow the watched content under 

considerations of the interruptions caused by the description utterances. The results are 

presented in Figure 29. Analogously to question 1A.3, the scale ranged from one, being not able 

to follow at all, to seven, being able to follow very easily. 

 

Considering the fact that participants chose “high” and “medium” levels of detail in this video, 

they seemed to follow the content despite the lengthy interruptions caused by these description 

levels. Three participants rated their ability to follow the content with the second-highest option, 

and one participant chose the highest option available. P4 was the only participant who rated 

the ability to follow the content as five while also being the only one preferring to set a 

“medium” level of detail for this video. 

 

  

Figure 29: Results from question 1B.3 
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The final question for this scenario, 1B.4, regards the usefulness of choosing from different 

levels of detail — the scale for this question, likewise to 1A.4, ranges from one, being not 

helpful at all, to seven, being very helpful. The results are presented in Figure 30. 

 

The results suggest a significant dissimilarity among participants. While P1 and P2 rated the 

lowest of one and second-lowest option of two, the remaining participants settled for the 

second-highest option of six. Additionally, P1 and P2 stated that they would not change the 

setting of a high level of detail and would not need the option to change. P2 added that while 

watching a movie, they would not know how much information they would be missing and 

would prefer to watch through the movie instead of changing the level and repeating a scene 

with different settings. 

  

Figure 30: Results from Question 1B.4 
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6.2.3. Scenario 2 

Scenario 2 regards the use of opt-in explanations. Participants watched the video without visual 

restrictions and were offered explanations at three appropriate positions for terms as explained 

in chapter 6.1. Question 2.1 regards the benefit of these explanations, specifically how helpful 

they were in understanding the watched content. The response options range on a scale from 

one, being not helpful, to seven, being very helpful. Participant’s responses are presented in 

Figure 31: 

P1 chose to display all three of the explanations. P2 chose only the second one on the first try, 

then watched the video again and chose the other explanations as well. P3 used the explanation 

only for the first one, then on a second round after a page reload caused by a software 

malfunction, also chose the explanation for the second explanation cue. Likewise, P4 had to 

reload the page after choosing the first and second explanation cue on the first round, then after 

a reload, used the third cue as well. P5 chose the first and third one in a single round. 

  

Figure 31: Results from Question 2.1 
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Participants were ultimately asked question 2.2, regarding possible uses or extensions they 

could imagine for opt-in explanations as supplementary content. Except for P1, all participants 

stated the same use case they saw only now, referring to explaining unknown terms or words 

unknown to a general audience. P2 further appreciated that while watching the video, it would 

not be necessary to abandon the page where content is played to get additional information on 

the content actively. P3 recognized that understanding the content would not have been possible 

without the provided explanations. P3 and P5 both emphasized the benefit of explanations for 

advanced terms when presented in a language that is not native to the user. Documentaries were 

mentioned as an additional example for this situation. P1 and P5 indicated potential use for such 

a function when combined with educational content, such as teaching videos for students on 

platforms such as YouTube. P5 suggested a possible extension of this feature by providing 

several layers of explanations, ranging from general explanations, such as term definitions and 

abbreviations, to more detailed and advanced explanations. Finally, P2 expressed concerns 

regarding the expectations authors potentially have towards the audience. Specifically, on the 

question of whether an audience may be considered knowledgeable on a particular subject, P2 

stated that “you will need to know whether the audience needs it or not.” 
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6.3. Result interpretation 

This section will interpret the result data presented in the previous chapter and evaluating their 

significance and potential limitations. 

In general terms, the participants accepted the concept as presented through the various 

scenarios. The majority rated the usefulness of choosing between different levels of detail on 

the upper half of the presented rating scale. Surprisingly, participants almost uniformly chose 

the highest level of detail for the video with the fastest transpiring content, arguing that the 

abundance of details was beneficial towards them imagining the visual content. Even though 

more described details result in more prolonged interruptions of the watched content, 

participants did not seem to mind. They rated their ability to follow the content as very easy 

nonetheless. Merely in the situation of the first video depicting a conference, a higher amount 

of detail was considered obstructive if such detail was not perceived to aid the understanding 

of the watched content. 

The concept of opt-in explanations was likewise acknowledged positively, with three 

participants rating the cues the second-highest or highest option concerning the merit in 

understanding the watched content. Participants could imagine such a feature being 

incorporated in everyday situations, specifically for educational content and content outside of 

a viewer’s expertise. 

However, as participants pointed out in their responses during the test, providing explanation 

content requires the significant insight of authors into the expected knowledge of an audience 

and whether they are likely to benefit from specific supplementary content or not. Further, the 

described validation process might be limited through the fact that the author and participants 

do not have a disability regarding their eyesight and have based their knowledge and experience 

of using audio descriptions solely from lectures or literature. Even though such circumstances 

were simulated by concealing the video during the test, this deficiency in a first-hand experience 

might influence the significance of the participant’s remarks. Fryer (2016, p. 7) points out that 

“it can be hard for a sighted person to understand blind culture, even if the language used to 

express meaning is one's own.” 
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7. Potentials and future work 

The concept developed in this thesis, and the findings resulting from the validation process, 

bear potential for future extensions and further research. This chapter will illustrate several 

possible use cases for future work. 

Firstly, the XML-based structure bears the potential to embed several languages into one single 

description script file. Languages could be incorporated using a corresponding language 

attribute attached to a <content> element within a <desc> element. 

Considering that AD scripts in the scope of this thesis have been created and inserted manually 

into the XML structure, an authoring tool would provide improved access for authors. Because 

of the broad adoption of XML, such a tool could be realized in the form of a web application 

that would not need to be installed on a client’s machine and hence further increase potential 

usage. 

Depending on the user’s narration preferences regarding speech rate and volume, an algorithm 

to automatically detect dialogue pauses in a video could automatically set the level of detail 

according to the settings in place. 

Future improvement in the speech synthesis engines supplied through the Web Speech API 

(Natal et al., 2020) is to be presumed. Narrative style attributes could be incorporated into the 

XML schema to assist future developments and enhance the synthesized voices’ performance. 

In order to support the provision of helpful content for opt-in explanations, users could be given 

an opportunity to submit explanation content. Contextual help could be offered to retrieve such 

content directly from online sources. Additionally, in alignment with features observed in 

NCAM (2012), supplementary content could also include images and vector graphics, for 

example, when explaining mathematical formulas. 

Imagining video content being consumed in a more casual setting that does not involve a desk 

but rather a TV set in a living room, the notion of opt-in explanations could be separated from 

the primary device on which content is played. Wearable devices could be part of a distributed 

system where the explanation cues are synced with a smartwatch, enabling users to trigger the 

display of an explanation from their wrists remotely. Such a feature is illustrated in Figure 32. 
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A smartwatch could notify users about the availability of an explanation cue by vibration. 

Similarly, such a distributed system could provide tactile output, enabling users of a braille 

system to read a textual representation of descriptions and explanations with a corresponding 

device. 

Finally, based on the findings by Senina et al. (2014), artificial intelligence algorithms could be 

employed to assist with the segmentation of detail into several levels. Such a method could also 

assist authors in suggesting available pauses for description content automatically. 

  

CUE

active cue

notification

confirm cue 

trigger

Figure 32: Distributed system draft for remote interaction 
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8. Conclusion 

Under the scope of this thesis, a concept for layered audio descriptions has been developed and 

validated. This final chapter will provide a summary of the substance and findings of this study. 

Our society shows a tendency towards an increasing availability of online video content. The 

circumstance of the Covid-19 pandemic, and the rising presence of social media, have fueled 

this increase and motivated this research about audio descriptions as a critical practice to make 

online video content accessible for blind and visually impaired users. Fundamental aspects of 

the practice of audio descriptions have been summarized, especially regarding the standard and 

extended audio description as a practice of providing more detail. Related academic research 

has shown that synthesized voices are generally accepted and that consuming extended 

descriptions has led to higher levels of presence by visually impaired people in contrast to their 

sighted counterparts. Students have further proven to perform better on tests after consuming 

educational content with extended AD than counterparts who consumed standard AD. 

Theoretical aspects, including a brief historical overview, have been presented. The concept of 

audio description as part of the field of audiovisual translation has been discussed and 

summarized as an intersemiotic and intermodal technique to translate non-verbal images into a 

verbal channel. The primary target audience has been examined by providing estimates of blind 

and visually impaired people in major European countries and how such statistics are projected 

to develop. 

Legislation and guidelines and their contribution towards the provision of audio descriptions 

have been examined, including the Web Accessibility Directive, EN 301 549, and WCAG 2.0, 

respectively 2.1. 

The subject matter of this thesis in the form of a concept for audio descriptions with multiple 

levels of detail and explanations to media content has been described. Methods used in 

developing and validating this concept are outlined, including the recruiting process for the user 

tests, the script preparation, and how the tests have been conducted remotely. 
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Further, the implementation chapter has given insight into the structure of data employed to 

incorporate several levels of detail in a single file. Therefore, the use of XML as a foundation 

has been discussed and proved to satisfy the necessary requirements. The idea of opt-in 

explanations as part of this concept has been demonstrated, followed by an analysis of the Able 

Player as the implemental foundation into which the aforementioned conceptual elements were 

integrated. This integration process was laid out in detail, including a descriptive demonstration 

of the developed prototypical features. 

Finally, a user test to validate this prototype was conducted. The catalog of questions to 

participants has been presented and referred to throughout the presentation of the test results. 

Data acquired from the user test suggest that generally, the choice of several levels of detail has 

been received positively. Remarkably, participants preferred a higher level of detail for the 

high-paced type of video, regardless of the numerous interruptions involved by the high amount 

of detail. Participants acknowledged the concept of opt-in explanations positively and described 

such a concept to be useful for educational content. 

Possibilities to conduct further research and development effort have been outlined based on 

the findings of this study. 
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