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Assisting Experts in Image Description for Visually Impaired People

by Frank VOLLEBREGT

There are an estimated 253 million blind and visually impaired people in the world.
To grant them access to text publications that contain images, experts are employed
to write image descriptions. There is both a societal and a legislative pressure to
supply image descriptions to all new and archived publications within a number
of years, yet the number of available experts is limited. The image description task
for images in textual context is complex, since a fitting description combines salient
elements from both the image as well as the context into a description, which also
differs depending on the publisher and published medium.

Because of this complex nature, current automated systems are unable to reli-
ably produce desirable results. Instead, this thesis focuses on developing software
to assist the experts in their general image description task in order to improve their
efficiency. Specifically, we use existing, commercially available automated tools to
generate alternative representations of the data. To analyse the system, we develop
a user interface to present all of the available data and design an experiment with a
small group of experts to investigate the system’s applicability and perceived use-
fulness. We find that such a system has great potential to assist the experts, but that
it might be desirable to focus on a solution aimed towards a smaller subset of publi-
cations, so that domain-specific information sources can be exploited to improve the
information quality.
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Chapter 1

Introduction

1.1 Context

A picture is often said to be worth a thousand words, which is why the text in articles
and other publications is frequently accompanied by an image to clarify or illustrate
the described topic or simply to capture the readers' attention. Have a look at a par-
tial news article with an accompanying image below, which was published in july
of 2022 by Eindhovens Dagblad1. It was originally published in Dutch, but for the
purpose of reading it here an approximate English translation is provided and part
of the article is omitted. The full original text can be found in Appendix A. Some
additional context, which the reader may or may not already have, is that excessive
nitrogen deposition has been a problem for many years, and that the Dutch govern-
ment is introducing measures to reduce this deposition 2, which many farmers went
to protest against.

1www.ed.nl
2https://www.government.nl/topics/nature-and-biodiversity/the-nitrogen-strategy-and-the-

transformation-of-the-rural-areas
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Expert cracks down on farmers' action: "the expiration
date of the farmers' protest has passed"

The farmers may want to continue protesting for weeks. But does a country
like that? And does it still make sense? Arco Timmermans, professor by special

appointment of Public Affairs at Leiden University, does not think so. “The
expiration date of this protest has long passed.”

Timmermans emphasizes that farmers are naturally sympathetic to a large part
of society. Their story is clear. They provide food and want it to last. But now
that the actions continue, Timmermans thinks that the shelf life of the actions

has expired.
“This applies to politics in The Hague, but also to the population that is

affected by the actions, for example in traf�c jams.” Although according to
opinion polls among the latter group, there is still a lot of appreciation for the
farmers, according to Timmermans this does not mean that the protest is any

longer tenable. “It is very good that there is mediation between farmers and the
government, so that the discussion is loosened. Now nothing happens but
polarization. Everything that one camp gains is a loss for the other camp.”

Farmer Protests in Apeldoorn. © Luciano De Graaf

Reading the article without any prior knowledge tells you that there have been
protests, and that the professor does not believe in their longevity. Additionally,
these protests have caused traf�c jams and other things that affect the general
population. In the image, we can see two tractors driving at a protest in Apeldoorn,
with blue lights in the background. From the context, we can conclude that this
picture likely shows of the unrest that is caused during some of the protests.
Now imagine a visually impaired person wants to learn the information in this
same article. Fortunately, techniques like screen readers3 are readily available to
such users. Such a tool exists as a browser extension or installed program on the
user's device, and commonly employs a text-to-speech tool that automatically
reads the text in the article, as well as the image caption, out loud to the user.
However, this leaves the image itself unaddressed.
According to the International Agency for the Prevention of Blindness (IAPB), there
are an estimated 253 million blind and visually impaired people in the world, as
described in Ackland, Resnikoff, and Bourne, 2017. Using the aforementioned

3https://www.afb.org/blindness-and-low-vision/using-technology/assistive-technology-
products/screen-readers
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screen readers, this group of people can consume the textual information, but the
accompanying visual information is missing. As a result, they might miss a part of
the article that may provide useful contextual information of this story.

1.2 Common Concepts

During the rest of this work, we will use some terms that are outlined below. While
most are common in normal language, some might have a slightly different nuance
in this work compared to their familiar meaning.

Visually Impaired People

Visually impaired people, in this work, are people who are unable to consume
visual information like images. This group includes blind people, but also people
with various visual impairments that make them unable to interpret this
information, even though they might see some of it.

Image Context

In published media, an image commonly serves to complement or augment the
surrounding story, which we refer to as the image context. For the purposes of this
work, this is a body of text, and might occasionally also include an existing image
caption from the source.

Image Description and Image Caption

It is important to know that image descriptions, in the context of this work, are
different from image captions. A caption usually adds some context: in the
example, it mentions where the picture was taken, and at which occasion. On the
other hand, a description might, aside from adding context, also mention
information about the content of the image. A description for this image could be
two tractors driving on the road. There are met by a yellow shovel truck bearing a blue
light. The �rst tractor is carrying an upside-down Dutch �ag.. There is much more to
the contents of an image description, which we investigate during the interview in
section 2.1 and summarise in section 2.2.

Image Source

Images exist in different publications. The type of publication and its target
audience will in�uence the length, complexity and process used to describe the
image. In this work, we refer to the publication type in which the image is found as
the image source. Examples of image sources are news articles, education textbooks
or comic books.

1.3 Image Descriptions to the rescue

A solution for visually impaired people, which is already employed in practice, is
to provide textual descriptions for images in publications. This way, the existing
screen reader can be used to also convey the information in the image, thereby
painting a more complete picture for the visually impaired person.
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Aside from the ethical motivation of having the information available to as many
people as possible, legislative entities are also actively working towards legislation
that forces publishers to provide accessible publications: For example, in 2019 the
European Union has enacted the European Accessibility Act Directive (EU) 2019/882
of the European Parliament and of the Council of 17 April 2019 on the accessibility
requirements for products and services2019, a directive which mandates that products
and services offered from 2025 onward meet certain accessibility requirements. The
World Intellectual Property Organization (WIPO) describes this in more detail, see
Saez, 2020.

Other uses of image descriptions

Aside from the intended bene�t of the presence of an image description, that is to
help make a publication more accessible for visually impaired people, sighted users
as well as computer systems can also bene�t from having an image description
available. Think, for instance, of certain details or objects in the image that are not
immediately clear to a sighted user, which can be clari�ed by the description.
Especially without context about these protests, it may not immediately be clear
what is happening in the image. Another example of a system that can bene�t from
textual descriptions around images is an image retrieval system like Google
Images4 that allows users to enter a text query and retrieves relevant images. Such
systems can utilise the textual context around an image, including a description if
present, to determine its relevance to the user query.

How are image descriptions created

In practice, image descriptions are usually written by experts working for special
libraries and adaptation services. In the Netherlands, the KB National Library 5 is
responsible for supplying new and archived publications with image descriptions.
They employ Dedicon 6, a foundation specialised in accessible text and images. The
experts at Dedicon are the ones writing the image descriptions. The need for image
descriptions in publications is speci�cally high as a result of legislation like the
European Accessibility Act mentioned before, making the experts' work very
important. Unfortunately, these experts are limited in number, and as a result they
can produce only a limited number of image descriptions in a given amount of
time. While it may seem obvious to outsource the image description process to an
automated system, this proves to be very challenging, owing in part to the complex
nature of the image description task. A single image can require a vastly different
description depending on numerous different factors such as the source and the
target audience. This is explained in some more detail in section 2.2. Still, attempts
at de�ning a system to systematically judge image descriptions have been made,
such as the score calculation by Nganji, Brayshaw, and Tompsett, 2013, which uses
a set list of heuristics to determine whether an image description is complete. It
assumes that if an aspect is present in the image, it should be represented in the
description: In practice, this is not necessarily the case depending on the source and
audience as mentioned before, but without such assumptions it becomes virtually
impossible to reliably rate a given description. Because of the task complexity,
automated methods are �rstly dif�cult to create and secondly challenging to use

4https://images.google.com/
5https://www.kb.nl
6https://www.dedicon.nl
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directly to perform the image description task. We highlight this some further as
part of the related work in section 2.6 and later during the system design in
section 4.1. To create image descriptions, we decide that for us, it is not yet
advisable to step away from using humans, and more speci�cally, experts. While
using non-experts to perform the image description task is possible, experts
guarantee a high quality level of the resulting descriptions, a promise that is
dif�cult to make with untrained people. In another thesis, a proposal has been
made to instead make use of crowd workers instead, which we also further
elaborate on in section 2.6.
Also note that since the source and experts are Dutch, we have an additional
challenge when considering existing automated systems, which oftentimes do not
take languages other than English into account. Guidelines or similar methods on
the other hand should not defer too far from variants in different languages.

1.4 Research Objective

We determined above that given the current state of automated methods we need a
system that works in conjunction with the experts to create the image descriptions.
The objective of this research is to investigate methods to increase the number of
image descriptions produced by the experts while maintaining the same high
quality. Broadly speaking, there are two solutions to achieve this goal:

1. Employ more experts

2. Improve the ef�ciency of each individual expert

The �rst solution comes with some practical downsides such as the added cost and
the lack of available experts. We thus decide to focus on the second solution for this
thesis.
In order to improve the ef�ciency, we aim to select a part of the process to improve
using software, which we suspect will bene�t the overall ef�ciency of the image
description process. To this end, we interview one such expert in chapter 2 to
determine the different steps that comprise the image description process and
perceived challenging aspects therein.
We determine that the step of consuming and interpreting all of the information is a
good candidate step to investigate, as it causes a high mental load for the experts,
where they need to read, watch and augment the information to create a �tting
description for the given document in the context of the given publication.
We develop a tool, the process and choices for which are highlighted in chapter 4,
that aims to help lower this mental load on the experts during the image
description process, by performing some automated preprocessing steps before the
document is shown to the experts. During this preprocessing step we retrieve and
create alternative representations of the available information. All information,
both originally present in the source and added during the preprocessing step, is
integrated into a simple user interface for the experts, which we evaluate with a
small group of experts working at Dedicon on behalf of the KB National Library.
The experimental design is presented in chapter 5 From the feedback provided by
the experts, we learn how they experience working with such an assistive tool and
whether we expect further efforts into developing tools to assist the experts are
likely to be fruitful.
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1.5 Research Questions

Before we can develop a tool that can effectively assist the experts in their image
description process, we need to determine what this process currently looks like:

1. What is the general work�ow of experts writing image descriptions for
visually impaired people in the Dutch language?

(a) How do the experts determine which images require a description?

(b) Are there common patterns to determine what information to include in
image descriptions?

(c) What information sources do the experts use and have available to
construct an image description?

(d) What are challenging aspects and steps of the image description task for
the experts?

Informed by the experience of the interviewed expert as well as other experts
online, we determine that we are going to lower the perceived mental load by
assisting in the process of interpreting the available information. The
following is then investigated:

2. How can we use software relying on existing techniques to assist experts in
the interpretation step of the image description task for visually impaired
people in the Dutch language?

(a) What different forms (of information) does the output of commercially
available automated image and text analysis techniques take? Which of
these forms can work as alternative representations of the existing
information and how do we account for the non-English language?

(b) How can all of the available information, comprised of both the original
information and the alternative representations, be presented in a
software user interface with a high usability?

(c) How can we, with a limited number of experts available, evaluate the
software tool to investigate both its applicability on different image
sources as well as how it is perceived by the experts?

(d) Based on the �ndings in this thesis, what recommendations can we make
about future research on expert written image descriptions for visually
impaired people?

1.6 Research Hypothesis

The hypothesis of this work is as follows: When using software to preprocess and
display the data and thereby support the information interpretation step of the
experts in the image description work�ow for visually impaired people in the
Dutch language, we can lower the perceived mental load of the experts and a
result, improve the ef�ciency of their image description process.
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1.7 Research Contributions

This work contributes an analysis of the expert image description process in the
Dutch language for visually impaired people, breaking it up into separate steps.
Additionally it introduces a system that can be used by the experts to assist them in
this image description process, which is powered by existing automated methods.
The code for this system is shared online. Lastly an evaluation of this system is
performed, to establish a better understanding of the experts' experiences working
with such an assistive tool and gain useful insights for future development of
assistive tools for these experts.
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Chapter 2

Current Process & Related Work

In this chapter, we aim to answer research question 1. Speci�cally, we schedule an
interview with one of the experts writing image descriptions for Dedicon to discuss
the general image description process the experts use in more detail. From this
interview, we derive a generalised expert work�ow for writing image descriptions
as well as some properties of a resulting image description. We then proceed by
using the example document from the introduction to illustrate what the image
description can look like in practice. Lastly, we identify a challenging step in this
work�ow, and focus on this step in order to provide an answer to the second
research question.

2.1 Interview with an image description expert

2.1.1 Interview Objective and Structure

To gain a better understanding of the image description process of the experts, we
want an appropriate candidate to interview. Namely, the interviewee needs to meet
the following criteria:

• They need to be experienced writing image descriptions for visually impaired
people

• They need to be knowledgeable about the different image sources processed

The KB National Library put us in contact with the experts at Dedicon that write
the image descriptions, and we scheduled an interview with one of them to talk
about the process and challenges. Ahead of time, we prepared questions that we
wanted answered in order to understand the work�ow and determine challenges,
as per the sub-questions of research question 1 in section 1.5.
Since the interview was conducted in Dutch, subsection 2.1.2 below contains a
translated version of the original interview. The Dutch transcript can be found in
Appendix B.

2.1.2 Interview Results

The relevant questions and information from the interview has been selected and
presented below in English.

What is the �rst step of the image description process, in general?

“If not yet done, it is selecting images that do or do not need a description, in
accordance with the source and publisher. The ratio of time spent describing images
and time spent reading the text should re�ect the original source. Additionally, the
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�nal product should re�ect the image of the published medium. In some cases, an
image is clearly decorative, and adding a description is not useful.”

How do you start when writing the image description itself?

“There are guidelines available in a document, which can and will differ by
publication (type). Though usually, they have a lot in common, and we can quite
easily extract common aspects for most guidelines: It answers the questions
who/what, where and how. The guidelines provide guidance on the order. The
length depends greatly on different factors.
To start writing, we use the guidelines and take a look at the image, read the
context, which is the text around the image, and determine the answers to the
who/what, where and how questions as appropriate, then write them into the
description.”

Is the available information from the source always suf�cient to create a �tting
image description?

“Usually it will be, as it is the same that is available to sighted people consuming
the image, but there needs to be a balance between objectively describing the image
content using only the image, and using external additional information. We do not
want to give incorrect information. Imagine a case where there was an image of the
Eiffel Tower in Paris, and I want to include the material of the truss structure.
Unsure whether it is steel, iron or some other metal, I will then look it up online to
be sure: I want to be certain in such cases that the information I give is correct and
objective where possible.”

What would you say makes the image description process challenging?

“You are processing and interpreting a lot of information at once while writing,
which can be overwhelming. Receiving a nudge in the right direction can support
the complex process in my head. Usually, you are still processing information as
you are in the process of writing the description.”

2.2 Properties of an Image Description

From the expert interview, we know that in practice, depending on the image
source and publication, there are different guidelines for what an image description
should look like. However, there are some common aspects that are present in
virtually all image descriptions. If the answers are present in the image itself, the
description should answer the following questions:

• Who/What: Which people, creatures or objects are depicted in the image?
What is happening in the image?

• Where: Which location, or which kind of location, is depicted in the image?

• How: How is the depicted action performed or how are the contents
presented?

Compared to an image caption, an image description goes into more detail, and
concerns both the direct contents of the image, as well as the context to help explain
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what is going on, especially for more complex and potentially unfamiliar actions
and scenes.
Every case is different, but in general we can identify objects and actions in the
image itself, and use the context to �nd information such as the right terms to
describe (part of) a speci�c object, person or action that is depicted, the name of a
location, or even some domain-speci�c jargon that should be used in the
publication type at hand.
Adding to this explanation of image descriptions, general guidelines can be found
online too, such as those provided by the DIAGRAM Center: General guidelines
2016.

2.3 The general image description work�ow for experts

From the steps and questions researched during the interview with the expert in
section 2.1, we derive the general work�ow in Figure 2.1. In this section, we go
over and explain each of the depicted actions in more detail.

Select Images to Describe

The �rst step in the image description process, for a given document, is to
determine whether or not to describe any given image if this has not been decided
yet. Sometimes publishers have already made a selection of relevant images, but
oftentimes this step is also conducted by the experts. Based on the relative space
used for images in the original publications, more time and words can be spent
describing these elements. Decorative images do not generally get a description, as
they do not add more contextual information, but instead serve only to make the
article visually appealing. An example of a decorative image in an informational
article1 can be found in Figure 2.2. The article's title translates to These are the
advantages and disadvantages of paying with PayPal. The included caption says Image
for illustration © Getty Images. In some rare cases, decorative images may get a
description too, such as when the publication is a lifestyle or design magazine,
where the image adds to the feeling that is being conveyed.

Interpret the Available Information

To write the description, the expert has to look at the contents of the image and
read (part of) the surrounding text, in order to be able to properly describe the
image. From this information, the expert can select salient elements to incorporate
into the image description. Depending on the publication, there may be a very
small or very large amount of context to consider.

Search and Add Information

Depending on the requirements of the description and the complexity of the
depicted concepts, it may be required to search for additional information and take
this into consideration too. This depends greatly on the publication type and its
properties.
To get back to the Eiffel Tower example given by the expert during the interview, an
image such as Figure 2.3 may have been shown, where the expert wanted to name
the material it was constructed out of.

1https://www.ad.nl/tech/dit-zijn-de-voor-en-nadelen-van-betalen-met-paypal abe00f6d/
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FIGURE 2.1: The �ow of the expert image description process
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FIGURE 2.2: Example of a decorative image in a Dutch article

Depending on the publication and target audience, this level of detail may be
desirable. As it turns out, the Eiffel Tower is constructed out of puddle iron. Such a
detail could easily be disregarded in a book for children about the tower, might be
interesting to know in a travel guide, and is very important in an education book
for civil engineers.

Write Image Description

After having gathered and extracted the required information, the �nal description
can be written. In reality, these last three steps are not as distinct, since information
is interpreted and supplemented while writing the description. Since they are
separate steps each representing a different task, we distinguish between them in
this work�ow, so that we may select one of these steps as a candidate for improving
the experts' ef�ciency.

2.4 Applying the expert work�ow

Consider again the farmer protest example given in the introduction. We use the
work�ow derived from the interview to see what goes into creating an image
description for this example.

• Select Images To Describe: First we determine that this image needs a
description. The image provides an example of the execution of one of the
farmers' protests, that has led to the reduced acceptance of their cause,
according to professor Timmermans. By providing this extra context to the
article, we determine that describing the image can add value for visually
impaired users. Moreover, since the image constitutes a relatively large
portion of the article, simply discarding it is likely not desirable.

• Search and add information : The tractors that are driving into the shot from
the right side are clearly farmers. However, it is not immediately clear what
role the yellow shovel truck on the left plays: Is it supporting the police, as



14 Chapter 2. Current Process & Related Work

FIGURE 2.3: Example of an Eiffel Tower image as described by the
expert

hinted to by the blue light that it bears, or is it part of the farmers' convoy?
Looking this up online, it turns out that such a yellow shovel truck was
indeed used by the police in Apeldoorn to remain in control of the protests.

• Interpret information and write Image Description : We can combine the
image contents and the caption, our additional information and the context
text to write a full description, ensuring to answer the what/who, where and
how questions. It could end up something like Two green tractors driving on the
road during the farmers' protests in Apeldoorn. The �rst one is bearing an
upside-down Dutch �ag. There are police vehicles in the background. The tractors are
met by a large yellow shovel truck, which is used by the police to prevent the situation
from escalating. This captures both contents of the image such as the tractors
and shovel truck, as well as its context such as the fact that it was taken in
Apeldoorn during the protests, and that the shovel truck was used by the
police.

If the image would be very small on the page, or there would be a lot of text, the
description may be a bit shorter. If the image would be presented prominently on
the front page of a newspaper, the description would possibly more extensive,
perhaps going into more detail on the different objects, the time of day or the
location.

2.5 Determining a challenging aspect

Having gained a better understanding of the different steps in the image
description work�ow and how it can be applied, we can select a challenging step in
this process, so we can focus our efforts towards improving this step. The
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interviewed expert already mentioned that taking in and processing the
information while writing the description can be a mentally overwhelming task.
A similar statement is provided by Valerie Morrison from the Center for Inclusive
Design at The Georgia Institute of Technology during a webinar about image
descriptions organised by the DAISY Consortium Orme, Morrison, and Alexander,
2020:

“My brain is so busy trying to translate that visual information into
language, that whatever cognitive process that is trying to edit while I
write, is out [of] the window.”

It is clear that for the human brain, processing and interpreting the existing textual
and visual information to extract salient aspects and forging these together into a
�tting image description for the publication can be a mentally daunting task.
We thus select this step (interpretation of information) as a �tting candidate, and
make our objective to support the experts during this interpretation step in order to
improve their ef�ciency.

2.6 Related Work

Related work in image processing

Existing image processing techniques have gotten increasingly advanced over the
past decade. However, most of these techniques are inadequate for directly
generating or retrieving image descriptions for visually impaired people, mainly
because they lack the ability to take the context into consideration. Bernardi et al.,
2016 provide an overview of developments in automated image descriptions, and
although the methods addressed in this work are not speci�cally geared towards
visually impaired people, the authors do highlight works that aim to describe the
contents of images. The paper distinguishes between two variants: �rst is the
generative approach, whereby visual information, extracted from the image itself,
is interpreted and used to build the description. Second is the retrieval approach, in
which case there is an existing set of images with descriptions, and descriptions for
similar images are considered as candidates for the image at hand. There is also an
extra subdivision that is more closely related to this thesis: The authors differentiate
between models that use a visual space to retrieve images, where only the image
itself is taken into consideration, and a multimodal space, where both the image
and text are considered. Of all the papers studied that use retrieval approaches to
get image descriptions, more than half use such a multimodal approach. One such
approach is work by Hodosh, Young, and Hockenmaier, 2013, in which both
images and descriptions are mapped to a common space, and retrieval can occur
both ways: A description can be inserted to retrieve a �tting image, and an image
can be inserted to retrieve a �tting description. Further developments from the
work by Hodosh et al. includes work by Socher et al., 2014 which takes a similar
approach but uses Dependency Tree Recursive Neural Networks. According to the
authors, this allows their approach to better abstract over word order and syntactic
differences that are not relevant for the task. Further derivative works include
papers by Karpathy, Joulin, and Fei-Fei, 2014, Lebret, Pinheiro, and Collobert, 2014
and Ushiku et al., 2015, who explore different approaches to map both visual and
textual elements to semantic knowledge.
One example of the generative approach is the work by Gupta and Mannem, 2012,
who use image tags and annotations to construct a novel image description, and
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address the challenges encountered in such an approach. Speci�cally, they
highlight the issues that arise when incorrect labels are used as a source for
generating descriptions: Ambiguous or incorrect descriptions may be created.
An example of the simple retrieval approach is outlined by Kuznetsova et al., 2012,
which uses image retrieval to get existing descriptions for similar images and
composes these to create a novel image description. A later development on this
approach by Ordonez et al., 2016 highlights their process of merging the different
retrieved phrases, which they evaluate experimentally using crowd workers on
Amazon Mechanical Turk 2.
After the paper by Bernardi et al., many advancements have been made in the �eld
of deep learning. For example Kinghorn, Zhang, and Shao, 2019 describe the
design and development of a deep learning model which hierarchically builds the
description. That is, it considers parts of the image such as objects in the
background, persons in the foreground, or a building on one side. It then relates
these parts together and compiles them into a �nal image description. A similar
system called Visual Vocabulary, ViVo for short, was developed by Hu et al., 2020.
It uses Transformers to generate an image description. The authors claim that
unlike earlier efforts, ViVo is also able to handle previously unseen objects. Having
been developed by researchers at Microsoft, it is also available online through
Microsoft Azure as a commercial on-demand service.
While developing the system in chapter 4, the technique from the aforementioned
ViVo paper is also considered as one of the options.
A shared challenge between the majority of these approaches is the uncertainty of
the result quality. The descriptions created using the aforementioned work are
oftentimes less complex than those that are written for visually impaired people by
the process described earlier in this chapter, and even then they oftentimes offer
insuf�cient or incorrect information. In other words, using an automated image
description approach does not rule out the human from the image description
process. Still, existing approaches offer valuable information that may be utilised
by the human image annotator, instead of replacing the entire process.

Related work on writing image descriptions

There are guidelines and tools that can help people writing image descriptions,
such as experts, to do it in a more structured and better way. However, even with
these guidelines the step of taking in the information and producing a description
is left to the annotators themselves.
For example, DIAGRAM Center, short for the Digital Image And Graphic
Resources for Accessible Materials Center, provides guidelines for writing image
descriptions in accessible media, in DIAGRAM Center - Making Images Accessible
2021. As expected, these guidelines align with the information provided by the
expert during the interview in section 2.1. Speci�cally, the following six main
guidelines are presented:

1. Context is Key: Descriptions vary by context, avoid repetition and consider
how the image �ts in the context

2. Consider Your Audience: The same image may get a different description
depending on the audience

2https://www.mturk.com/
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3. Be Concise: As with all writing, do not repeat information and avoid
introducing new concepts in the description

4. Be Objective: Allow the reader to form their own opinions and interpretation,
do not omit any content

5. General to Speci�c: With longer descriptions, this allows the reader to get an
increasingly better understanding of the image contents if they are interested,
or to get the general idea quickly.

6. Tone & Language: Keeping language consistent and picking the right words
helps elevate the quality of the resulting description

Such guidelines can help experts structure and form the descriptions more
effectively. Another such resource is provided by the Fondazione LIA, a non-pro�t
foundation for accessible Italian books, in their white paper LIA, 2019.
Aside from the resources mentioned above, there is also work that investigates the
user requirements for image descriptions by Hollink et al., 2004. They survey
people to �nd out whether they prefer general, speci�c or abstract image
descriptions, and conclude that the former is generally the most sought after
descriptions. While this paper does not focus speci�cally on visually impaired
people, it does align with the general to speci�cguideline above, that at �rst the
general contents of the image should be described.
Another work that does focus on the case of visually impaired people is a recent
thesis by Chu, 2021, which describes the requirements of a system that can be used
to create image descriptions for visually impaired people. In this case, the author
focuses on an approach where the users writing the descriptions are not experts,
but crowd workers instead.

Related work on image descriptions in context

There are a handful of approaches that try to tie the textual context and image
together, which have promising prospects for the future, but the results of which are
not necessarily ready to deploy for a use case like the visually impaired people, and
oftentimes they have not been designed as such either. Still, for automated tagging
to create datasets and train machine learning models, they are already really useful.
Examples of this are the works of Feng and Lapata, 2010 and Feng and Lapata,
2012, which use a learning-from-data approach to extract a description from the
surrounding text for images in news articles. Similar is the paper by Biten et al.,
2019, who advocate the use of an attention system to selectively extract information
from news articles, in order to generate the description. Because the attention
technique is used, the system can also deal with entities that have not been seen
during training, making it more �exible and widely applicable. Once again the
authors use humans to judge the results. The main contribution of this work is the
GoodNews dataset, which contains 466k samples and is the largest news
captioning dataset when it was published. For our work, it is unfortunately not
directly applicable, since the dataset is in English, and we speci�cally consider the
Dutch or non-English case.
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Chapter 3

Research Approach &
Methodology

We have established a better understanding of the approaches taken by experts
while writing image descriptions for visually impaired people, and derived their
general work�ow in section 2.3. Additionally, in section 2.6, we have addressed
other work related to this thesis and found that resources aiming to assist experts
are for the most part guidelines for writing the descriptions.
From the analysis of the current process in chapter 2, it has become clear that one of
the prominent issues with the manual approach used by the experts is that the it can
be mentally taxing, speci�cally to interpret and process the available information
while writing the image description itself. To assist the experts in this process, we
will develop a software user interface that presents information to the expert in
such a way that it helps reduce the mental load and thereby make it easier for the
experts to construct an appropriate image description for visually impaired people.
Reading a large body of text can easily lead to an information overload, as is
already found by Maybury, 1999 in their work on automatic text summarisation.
On top of that, thinking of the right words that �t with an image can be challenging,
as images may contain context-speci�c objects and concepts that are less familiar.
The approach of our research is to add a preprocessing step to the image
description process, addressing these challenging aspects by creating some
alternative data representations that can help make the data easier to interpret for
the image description experts.

3.1 Requirement Analysis

In order to develop this system, it is important to better understand whatshould be
developed. To this end, this section identi�es and lists the requirements of the
system.
The goal of the software tool is to present different information/representations
that may aid in the image description process. For this �rst iteration the intention is
not strictly to create the best possible tool, but rather to try different techniques and
representations of the available information and see which ones (if any) best
support the experts in their image description process.
One of the main constraints in this process is that the goal is to go from the already
available information to the interface and its information representations without
any manual steps: Rather, automated methods and techniques should be used, such
that scaling up the solution at a later stage will not bring about further limitations.
During usage of the software tool, it can collect some simple metadata aside from
the descriptions themselves. Namely, the time spent on each task can be stored, to
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potentially identify a relation between the time spent on a description and the
source of the image description task.
The system must be able to:

• Display the information available from the source. This includes the image,
the context text around the image and if present the existing caption of the
image.

• Display automatically retrieved alternative representations which are derived
from the information available from the source, where appropriate.

• Allow the user to enter an image description for the given image and store it.

• Store useful metadata that can help during the evaluation of the tool's
effectiveness.

In chapter 4, we go further into the design process, expanding on each of the
requirements listed above.

3.2 Methodology

The goal of this work is thus not simply to develop a tool that can optimally assist
experts in the image description process for visually impaired people, but also to
establish a better understanding of how we can assist the experts in this process.
Put differently, the objective is not to immediately develop some perfect tool that
works all the time: this would be ideal but is not realistic. Instead we develop a tool
that tries some different variations so we can determine approaches and better
guide future efforts of developing tools to assist experts in image description for
visually impaired people. As part of this work, we thus need to address each of the
following points, as per the sub-questions in research question two:

1. Identify, where appropriate, automated ways to get alternative
representations of the available information. This is part of chapter 4.

2. Iteratively design and implement the software tool itself as speci�ed in
section 3.1. This is covered throughout chapter 4.

3. Design an experiment where experts' impressions of the software tool are
established. This is outlined in chapter 5.

4. Analyse the results of the experiment and draw conclusions about the
perceived usefulness of the tool by the experts as well as its applicability on
different image sources.

5. This knowledge can then be used to infer recommendations for the design of
a software tool to assist experts in image description. These last two points
are covered in chapter 6 and chapter 7.

3.3 Testing Data

During the design of the system in chapter 4, we need data to test and validate
different techniques and iterations of the solution. For this, we ideally want a
dataset that represents different image sources to test with. The KB National
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Library kindly provided some real-life data we could investigate in the form of a
travel guide for tourists in Amsterdam and part of a lifestyle magazine, both
offered along with image descriptions for part of the included images. This data
has offered us a great starting point for investigating and deciding between
different techniques to utilise. Including most of this data in this publication,
however, would require some negotiation with the corresponding publishers, who
still own all the rights to the publications. To work around this, we opted to �nd a
dataset with images and surrounding text that is in Dutch. For this purpose, we
found the Wikipedia-based Image Text (WIT) dataset published by Google
Research in Srinivasan et al., 2021, which is available under the Creative Commons
Attribution-ShareAlike 3.0 Unported license.
This dataset contains 37.6 million entries across 108 different Wikipedia languages.
While the datasets main purpose is the training of machine learning models, we
instead use it to fetch arbitrary articles with images manually. There is no need to
use the whole dataset, for the purposes of this work, the 1% training data �le is
suf�cient. It contains 370,373 documents, of which 12,154 are in Dutch.
Additionally, we �lter to use only those documents that contain a caption for the
image, leaving us with 7,579 documents left. It is likely that for training a machine
learning system, this would not be a suf�cient amount of data, but for retrieving
and running the system on some arbitrary rows, it will provide the variation
desired. This variation ensures that we take all manner of different images into
account, and do not inadvertently get biased by the data provided by the library,
which is only composed of a couple dozen examples. These are useful to consider
as they represent real data, but are expected to be less representative of all possible
cases.
In addition to the Wikipedia dataset and library data, some testing was performed
with images I have taken myself. When providing examples while comparing the
different image analysis tools in section 4.1, we use some of our own images. In
other places, where context text is required, we use the WIT dataset unless
mentioned otherwise.
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Chapter 4

System Design

As we derived in chapter 3, we aim to design a tool that can assist the experts in the
image description task in the Dutch language for visually impaired people, to
lower their mental load of extracting salient elements from the available
information and therewith increase their ef�ciency. We determined that to this end,
the tool can present the existing information along with alternative representations
thereof, the latter retrieved by means of automated methods in a preprocessing
step. This chapter describes the considerations and choices made to determine
which information is retrieved, and how all of this information is shown to the
experts in the user interface.
The tool itself is created by means of an iterative process: We start with a simple
version showing only the information already present and supplement this with
the additional information from the automated methods as it becomes available,
changing it while taking different options into consideration. This chapter
highlights the different components and information sources that are integrated in
the �nal iteration. During this development process, we have also kept in touch
with the expert we interviewed in section 2.1, to ensure that the resulting system �ts
in their current work�ow. Do note that we do not expose the initially interviewed
expert to any version of the tool before the experiment, as this could inadvertently
bias the experiment outlined in chapter 5, in which this expert is also participating.

4.1 Representation of the image

It is obvious that the image as-is is shown in the interface. Aside from that, in this
section we take a look at some different representations that automated methods
can offer based on the image. We investigate several commercially available
State-of-the-Art solutions, each of which is used by a number of distinguished
companies, and delivers high quality results. Namely, we use Google Cloud Vision
AI (used by The New York Times, Box, Texas A&M University), Microsoft Azure
Computer Vision API (used by Prism Skylabs, PicCollage) and Imagga Image
Recognition API (used by Swisscom, Plex, Fotoware). Each of these three providers
offers several different services. An overview of the capabilities of each is provided
in Table 4.1. Knowing the capabilities of each provider, we can determine which
services can be interesting for us, and use this to decide which provider to use. The
goal is to select a few of these services to use in the tool. We go through each and
quickly mention what each of them does, after which we can decide whether or not
it is a candidate to use in the system.
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Service Google Cloud Microsoft Azure Imagga
Object Detection
Labels/Tags
Text Detection
Face Detection
Image Cropping
Colour Scheme
Content Moderation
Image Categorisation
Brand/Logo Detection
Landmark Detection
Image Description *

* Discontinued as of December 2022

TABLE 4.1: Overview of the capabilities of each investigated auto-
mated image processing system

Object Detection

Locates and labels objects in the image, like acat, treeor car. These are an interesting
option to consider, as they can the expert by pointing out objects that may be of
interest to describe.

Labels/Tags

Are similar to objects in the image, except they usually describe more generally the
contents of the image, instead of solely objects located therein. Examples of labels
could be Outdoor, City or Crowd. It is also a good candidate for our system, for
similar reasons as Object Detection above.

Text Detection

Locates written or printed text within the image. While it may be useful in some
cases, the user of the system (the expert) is likely able to read this text in the image
without great effort, if so desired. We thus disregard text detection.

Face Detection

Locates human faces in the image, and sometimes also tries to recognise
well-known people from them. While it may be useful to know who is depicted,
there are two caveats: Firstly, false positives may occur, where the systems
incorrectly thinks it recognises a known person. This might confuse and misdirect
the expert that is describing the image. Secondly, if there is indeed a well-known
person in the image, chances are that this person is already mentioned in the
caption or surrounding text. Because of these factors, we also disregard face
detection.

Image Cropping

Suggests crops to improve the framing of objects in the image around areas of
interest. While useful in its use case, it is not something we can use for our system,
since the images are already included in the publication.
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Colour Scheme

Detects whether an image is black-and-white, and if it is a colour image, identify
dominant colours. For some image sources like lifestyle or design magazines,
dominant colours may be useful to denote, and for historic images, it might be
bene�cial to note whether or not they are black-and-white. Altogether, however,
extracting the colour scheme is expected to be not very useful outside these speci�c
cases, and as a result we decide not to use this.

Content Moderation

Detects whether the image is likely to contain adult content of different kinds.
These are usually subdivided between adult, racy and gory images.

Image Categorisation

Categorises the contents of the image, usually from a predetermined list of
categories. While trying to �nd similar images to the image at hand it may be useful
to use categorisation of this kind. Generally, the categories are not very speci�c, and
for assisting an expert with image description they likely do not add much value.

Brand/Logo Detection

Is similar to face detection, and comes with similar disadvantages: Namely, false
positives may occur, and depicted brands, if important, are likely already
mentioned in the surround text. It is also not of interest to us.

Landmark Detection

Can be useful in cases where the location depicted in the image is not directly
mentioned in the surrounding text. However, similar to the aforementioned
services for face and brand detection it is prone to detecting false positives. We do
consider landmarks as an interesting option, since whereis one of the main factors
that is usually described in an image description.

Image Description

Aims to output a natural language description for the image. It only takes in the
image, so is not able to make use of the text around the image. Still, it is suspected
that this description can be a useful starting point or stepping stone for the experts
to base their own image description on.

4.1.1 Chosen Services

This leaves us with the following services to consider: Object Detection, Labels/Tags,
Landmark Detection, Image Description. The �rst two have a similar output, in the
form of key words or short key phrases. What is more, their output can overlap, so
we choose one of these two to use in our system. Since the labels also pertain to the
more general contents of the image, they offer a broader spectrum of information
about the image. We thus decide to use the labels.
Showing detected landmarks to the expert might help in some rare cases, where the
location is not yet known, and a well-known location is depicted, which the system
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can pick up on. However, in the majority of cases, it will either not detect any
landmarks, or erroneously think that it has detected some landmarks. Given its
limited applicability as a result of the above, we ultimately decide to drop the
detected landmarks.
Lastly, we consider the automated image description, which is usually not very
extensive or detailed. Still, it offers the experts an opportunity to avoid having to
start from scratch for each description. Whether or not this is useful is discussed
during the analysis of the experiment results later in this work.
To illustrate the relative difference between the three considered providers, we use
�ve test images and retrieve the labels for each of them, using each of the three
providers. The images and outputs can be seen in Figure 4.1, where we show the
�ve highest-con�dence labels for each service. These images represent a mix of
some nature, animals, and people.
While the tags differ slightly between services, all perform adequately for the
experiment. Since we decided to use an automated image description, we
unfortunately were unable to use Google Cloud, as they do not offer such a service
stand-alone. Note that Google does do image descriptions, but only for their own
services (like the screen reader built into Chrome, Google's web browser 1).
In the end, we decide to use Microsoft Azure to retrieve our image representations
for this experimental version, since its descriptions also incorporate landmarks and
seem, in our anecdotal experience, to be able to better describe the relation between
the different objects in an image. We suspect that this is a result of the visual
vocabulary technique that has been applied. The tags are also more general tags
about the image contents rather than labels of speci�c objects therein, which seems
to be the case with Imagga. It is important to know however, that these services
expand and improve constantly. When developing such a tool in the future it is
useful to explore the solutions and capabilities offered at the time. Using a different
service that better �ts with the needs and use case at hand should be the main
consideration.

Translation to Dutch

There is one shared challenge with the automated image processing methods used
in this section: The output is in the English language, whereas the interface,
description and the expert writing this description are all Dutch. To combat this, we
need some way to automatically translate this data. For this purpose, any
State-of-the-Art machine translation solution should be suf�cient. For practical
reasons, we chose to use Azure Translator, to keep these tools within the same
platform.

4.2 Presentation of the existing image caption

When present, the existing caption can provide some direct context to the image. It
differs greatly by source as to how useful this caption is, ranging anywhere
between just a copyright notice or a handful of non-descriptive words to an actual
description. For instance, the example we have shown in chapter 2 of the
decorative image, namely Figure 2.2, uses a caption that does not provide any
information about the image or context itself. This is not a big problem for that
speci�c case since the image is decorative. However, in practice publications often

1https://support.google.com/chrome/answer/9311597
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Google Cloud cloud, sky, building, daytime, window
Microsoft Azure building, outdoor, sky, city, people

Imagga palace, residence, house, building, architecture

(A ) Image #1: Houses

Google Cloud train, sky, wheel, vehicle, rolling stock
Microsoft Azure train, sky, track, outdoor, ground

Imagga steam locomotive, locomotive, track, railroad, railway

(B) Image #2: Train

Google Cloud dog, carnivore, dog breed, companion dog, working animal
Microsoft Azure ground, outdoor, dog, animal, carnivore

Imagga canine, dog, domestic animal, pet, white wolf

(C) Image #3: Dog
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Google Cloud plant, water, nature, working animal, natural landscape
Microsoft Azure grass, outdoor, animal, mammal, horse

Imagga calf, cow, farm, grass, �eld

(D) Image #4: Cows

Google Cloud automotive exterior„ parade, tourism, of�cial, transport
Microsoft Azure road, tree, outdoor, riding, land vehicle

Imagga motor scooter, wheeled vehicle, vehicle, conveyance, motorcycle

(E) Image #5: Bikes

FIGURE 4.1: Example Images and their labels from the different
providers
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contain images that are more important and relevant to the surrounding text with
either such a caption without information or without a caption altogether. This
common absence of image captions was already ascertained by Takagi et al., 2003
when researching usability of the web for visually impaired people. Still, if a
caption is present and descriptive it is very likely to be relevant, so it should always
be included in the interface. Creating an alternative representation of the caption
will likely not yield many useful results, since it is already a relatively short piece of
text, making it much less mentally overwhelming to consume.

4.3 Representation of the Context Text

When building an image description, the context text is usually the main source of
context. By de�nition, however, this is a body of text, which can be quite extensive
in some cases. This can quickly lead to an information overload, as is already
recognised by Maybury, 1999. When going over the challenges faced when there is
a need to extract useful information from a very large body of text, a participant
interviewed for by the authors mentions the following:

“There is no time to read everything, and yet we have to make critical
decisions based on whatever information is available.”

As a result of experiences like this, text summarisation techniques have been and
are being developed. The book by Maybury shows an overview of early advances
in this �eld, but recently many more techniques have been developed and
perfected, such as thos by Nenkova and McKeown, 2012 and Vaswani et al., 2017.
These techniques can extract sentences, phrases or keywords from a body of text
using a variety of approaches.
At this point, we need to remind ourselves that the bodies of context text addressed
in this work are not written in the English language, limiting the options that we
can choose between. A comparative study of such multilingual methods is
provided by Giarelis, Kanakaris, and Karacapilidis, 2021. In the second part of their
overview study, they go into a deep learning approach to key phrase extraction,
namely KeyBERT by Grootendorst, 2020. It uses a transformer-based machine
learning model to extract key words. A great advantage of this approach is that a
different language model can be used instead, to use it for different languages and
tasks. In our case, since the text is in Dutch, we can make use of BERTje by Vries
et al., 2019.
In the end, we can use the keywords extracted using KeyBERT and BERTje as an
alternative representation of the context text. We go further into how these are
presented to the user in the user interface in section 4.6.

4.4 Information Flow within the System

We now know where all information is gathered from. To summarise this,
Figure 4.2 shows the different information sources and their job within the system.

4.5 Practical Considerations

Being able to retrieve all the data to present to the user, the next step is to determine
how to store and subsequently show it to the user. The different Azure services are
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FIGURE 4.2: The �ow of data throughout the preprocessing proce-
dure

available via a REST API, and KeyBERT is available as a Python package. We thus
created some Python scripts, the source code of which can be found on Github, to
combine this data into a python class, which is stored in JavaScript Object Notation
(JSON) objects and eventually shown to the user in the interface.

4.5.1 Hosting the Tool

The tool is made available through a web page. This way, there is no need for users
to install anything. For the purposes of this work and the experiment therein,
GitHub Pages2 is used, which can host static �les. While relatively simple, this
approach limits the capabilities somewhat: since this server only accepts simple GET
requests to retrieve statically hosted �les, we cannot POSTany data to the server,
and we cannot host a database to store the different tasks in. However, because it is
a prototype this is not much of a problem. The python scripts mentioned above
append their data to a JSON �le, which is loaded from some JavaScript code. This
script then �lls the interface that is hosted as a simple HTML �le with this data, and
keeps track of the submitted results while the user is working. After submitting the
�nal description, the user is shown an end screen, and only one task remains: to
collect the data entered by and collected from the user. Since no server is available
to POSTto, a 'download' button was added to the web page, which downloads the
results as a JSON �le, which the participants then manually share with the
researcher via Microsoft Teams.

4.5.2 Code Repository

The repository with the Python code used throughout this thesis can be found on
https://github.com/frankvollebregt/imagedescriptions. This includes code to use
the Azure Image Analysis, the KeyBERT keyword extraction, the source code of the

2https://pages.github.com/
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web page that hosts the tool, and lastly the code that is used during the result
analysis in chapter 6.

4.5.3 User Interface Styling

To make the interface somewhat responsive and help graphically style it, we use
Bootstrap 3. This is a simple way to make the interface adapt to the users' browser
windows using their Grid system, automatically placing elements further down the
page if they do not �t horizontally. For more information about the grid system and
different capabilities of Bootstrap, you can read their documentation 4.

4.6 User Interface Design

Up to this point, we have discussed the information sources that are exploited as
well as the technologies that are used to create the user interface. The remaining
task is to design the interface itself. Aside from validating with users, we can make
informed decisions about the design using well established user interface design
principles, such as the ones provided by Oppermann, 2002, speci�cally aimed at
learning systems. We highlight the different design principles from this paper
which we used in subsection 4.6.1.

4.6.1 User Interface Design Principles

Not all design principles speci�ed in the work by Oppermann, 2002 are
implemented, either because they are not relevant to our system or because it was
not within the scope for this prototype to include the required functionality for
them.

A. Obvious Start
The image is placed in the centre of the screen to grab the user's attention.
When describing an image, it is clear that the image is the starting point.
After this, the attention is drawn by the blue headers above each major
section, containing the different information sources that the user may use.

B. Observe Conventions
Since Bootstrap is used to back up the interface, conventional components are
already used throughout the system. The only action that users can perform
is to type and submit a description. The input bar and submit button for this
are located in the bottom, with the submit button on the right side, thereby
matching mobile chat apps such as Whatsapp, Signaland iMessage. This
should help make the process more intuitive and familiar for most users.
Additionally, the captions, both the existing one as well as the automatically
generated one, are placed underneath the image, which is a familiar location.

C. Feedback
Within the system, there are only a handful of instances where the user gets
feedback from the system. A submission simply causes the next image with
context to be shown, and the only other feedback occurs when the user tries
to perform one of the following actions:

3https://getbootstrap.com/
4https://getbootstrap.com/docs
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• Submit without entering a description

• Copy one of the existing captions (see also subsection 4.6.6)

Attempting to perform either of those actions causes a dialog to pop up in the
top right corner of the window, notifying the user that the action cannot be
performed. Without any feedback, blocking these actions may lead to
frustration, so it is important to provide this feedback when appropriate.

D. Landmarks
Each of the main information sources (the image tags, context tags and
context text) are presented with a prominent blue banner, to make them
obvious as areas that are similarly set up to inform the user. This should help
to guide the user through the process of consulting these different sources
while writing the description.

E. Proximity
Similar and related items should be placed together. In practice, this means
that both sets of tags (image tags and context tags) are placed on the same
side, to the left of the centred image. Additionally, both the existing caption as
well as the computer generated caption are placed close to each other under
the image. Note that the context tags and context text are conceptually more
related, but the choice was made to group all tags together instead, as their
information type is similar to consume and utilise.

With a general idea of the placement and visual style of each component, we can
describe and see an example of each individual component in the system.

4.6.2 Image Tags

Among the alternative representation of the image, we decided to use image tags
with con�dence scores, as discussed in section 4.1. There are multiple options for
displaying these tags in the user interface. The simplest of these is simply listing
them in descending order of con�dence score. While this does convey the ordering,
we can do better. Word clouds are a well established way to convey relative
importance of different concepts. Commonly spatial word clouds, sometimes
referred to as Wordle-style word clouds, are used in which all words are scattered.
An example of such a word cloud, created from the text of the �rst chapter of this
thesis, can be found in Figure 4.3. While this type of word cloud is designed to be
visually appealing, it is not the most effective way to convey the information
contained in it, as shown in work by Felix, Franconeri, and Bertini, 2017: They
compare between this spatial Wordle style layout and a column or row layout in
which the words are simply listed in a standard vertical or horizontal list
respectively, and �nd that the column style layout is the best option when the goal
is to compare and illustrate the values associated with each word. Another paper
by Hearst et al., 2019 do a similar comparison, on a task where there are multiple
groups of key words. The authors compare the Wordle style with the column style
and �nd that there is a statistically signi�cant difference in score between them,
providing strong evidence that a simple column design that can convey the same
information makes it less dif�cult to extract information.
We thus opt for using as column style representation. We vary the font size with the
relative con�dence scores: The highest con�dence tag gets the maximum font size,
the lowest con�dence tag gets the minimum font size, and the others scale linearly
between them.
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FIGURE 4.3: Example of a Wordle-style word cloud

It is important to note that con�dence scores, presented as values ranging from 0
(not con�dent) to 1 (very con�dent) from automated methods are dif�cult to
compare between different tasks or problems, and one should avoid using their
numeric values directly. On the other hand, comparing their values relative to each
other within the same result set should not cause us much trouble. An example of
the image tag component in the interface is shown in Figure 4.4.

FIGURE 4.4: Example of Image Tags in the interface

4.6.3 Context Tags

As an alternative representation for the context text, the context tags were chosen,
as explained in section 4.3. For these, the same word cloud presentation from the
image tags mentioned above in subsection 4.6.2 was chosen. By then placing these
tags next to each other in accordance with design principle E in subsection 4.6.1, the
user of the system can more quickly consume information in both of these
components.
In Figure 4.5 an example of the context tag component in the interface is displayed.
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