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Abstract
Human-computer interaction problems have been approached by design practitioners and researchers for a 

few decades now. Usability is an established quality attribute that is used to assess how easy user interfaces are 

to use. Websites have been determined to benefit from such assessment, and responsive web design (RWD) is 

a fairly new approach to web design where usability problems have been recognised, and where usability 

focused research has been carried out. While usability testing can be used to determine how easy a RWD 

website is to use, it does not provide a detailed psychological model that tells the designer how to design 

RWD websites that are easy to use. Discoverability is a psychological model within the field of design in 

general, that can be implemented by designers who want to achieve a good design. No previous research has 

been carried out with the purpose of exploring how discoverability can be used to improve the usability of a 

RWD website, and the author of this thesis suggests that there is value in conducting such research, because it 

has the potential to provide new insight into how RWD websites can be designed in way that makes them 

easier to use. This thesis approaches the question by conducting a usability test on a RWD website, and uses 

the results of the test as a foundation for a suggested discoverability focused approach to improving the 

usability of the RWD website.
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1. Introduction
 
Human-computer interaction problems have been an issue, and there has been a desire to 
resolve them, amongst design practitioners and researchers for a few decades now. Two 
influential researchers within the field of human-computer interaction, John Gould and 
Clayton Lewis, began discussing such problems from a usability perspective back in the 
mid 1980’s. They stated that a computer system should be designed in a way that makes it 
easy to learn, and suggest that this can be achieved by studying the behaviours and needs 
of the intended user (Gould and Lewis 1985, 300). Usability was later developed by the 
Nielsen Norman Group, into a now well established quality attribute that is used to assess 
how easy user interfaces are to use. Such assessment is approached through usability 
testing and is defined by a set of quality components: learnability, efficiency, memorability, 
errors, and satisfaction. One type of user interface that are suggested to benefit from 
usability testing are websites (Nielsen Norman Group 2012).

Responsive web design (RWD) is an approach to designing websites that allows a single 
design to adapt for viewing on a range of different screen sizes, where interaction 
problems have been recognised (Kim 2013, 31-35), and where usability research has been 
carried out (Tidal 2016, 25). While RWD does make the website accessible on a wider 
range of devices, it also comes with a set of design related interaction problems - as the size 
of the screen changes, the RWD website alters the layout grid of the design, which 
rearranges, compresses, and removes certain design elements. While a usability test can be 
used to determine how easy a RWD website is to interact with, it does not provide the 
designer with a detailed psychological model that shows how to design a RWD website 
that is easy to interact with.

Around the same time as Gould and Clayton began discussing usability, two other well 
known researchers within the field of human-computer interaction, Donald Norman and 
Stephen Draper, highlight the gulf in understanding that often exists between those who 
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design computer systems and those who use them. They emphasise the importance of 
designing computer systems from a place of understanding the user, and suggest that 
designers use psychological models as an aid in designing user friendly systems (Norman 
and Draper 1986, 25-26). A psychological model which applies to the practice of design 
artefacts in general (not just computer systems or user interfaces) was framed in one of 
Norman’s later books on design theory. In this book Norman states that a prerequisite for 
a good design is discoverability - a term that describes the ability of a design artefact to 
deliver information about what it does, how it works, and what operations are possible. 
The designer brings about discoverability by implementing a set of fundamental 
psychological concepts in the design process: affordances, signifiers, feedback, constraints, 
mappings, and the conceptual model (Norman 2013, 3). 

Some academic research has been conducted on discoverability within the field of human-
computer interaction (Creager 2016; Macaranas 2015; Seto 2012; Mendoza 2004; Kim 
2013), and RWD research has been approached from a usability perspective (Majid 2015; 
Tidal 2016). While usability can be used to assess how easy a RWD website is to interact 
with, it does not provide the designer with a detailed psychological model that tells the 
designer how to design a RWD website that is easy to interact with. This is where the 
author of this thesis suggests bringing discoverability into the design equation. The author 
of this thesis has not been successful in finding any research that approaches RWD with 
the purpose of examining how discoverability can improve usability. This thesis will 
examine the question because the results have the potential for being valuable to design 
practitioners and researchers, as well as the end users of RWD websites. 

1.1 Research problem

Human-computer interaction problems have been recognised by both practitioners and 
researchers in the field for several decades now. Usability has been established as a quality 
attribute that can be used to assess how easy websites are to interact with, but it does not 
provide the designer with a detailed psychological model that tells the designer how to 
design websites that are easy to interact with. Discoverability is a psychological model 
within the field of design in general, that can be implemented by designers who want to 
achieve a good design. Responsive web design (RWD) is an approach to designing 
websites where interaction problems have been recognised (Kim 2013, 31-35), and where 
usability research has been carried out (Majid 2015; Tidal 2016). Since the introduction of 
internet capable mobile phones for mainstream use, there has been a steady increase in the 
use of mobile devices to access the internet (Glassman 2014, 78), and the RWD approach 
to web design is seeing rapid growth alongside this increased usage (Rempel 2013, 20), 
which motivates selecting RWD as the research context for this thesis. An extensive 
literature review did not reveal any research that has been conducted with the specific goal 
of examining how discoverability can be used to improve the usability of a RWD website.

1.2 Purpose

The author of this thesis recognises that the interaction problems associated with RWD 
websites are an issue for researchers, designers, and users alike. The purpose of examining 
how discoverability can be used to improve the usability of a RWD website is to add 

Easy RWD - bridging discoverability and usability in responsive web design                                                            5



insight into how interaction problems with such can be resolved. This thesis will examine 
one RWD website. More studies of more RWD websites would be required in order to 
draw conclusions about how discoverability can be used to improve the usability of RWD 
websites in general. Either way, the conclusion drawn in this thesis holds the potential of 
adding insight in to how RWD websites can be designed in way that makes them easier to 
interact with.  

1.3 Research question

Main research question: How can discoverability be used to improve the usability of a 
RWD website?  Sub-question: How can signifiers be used to improve the learnability of a 
RWD website?
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2. Background
The author of this thesis aims to examine how discoverability can be used to improve the 
usability of a RWD website. In order to do so this chapter provides the reader with an 
explanation of the usability quality attribute (2.1), followed by an explanation of the RWD 
approach to web design and the design problems it incurs, along with a summary of 
previously conducted usability focused RWD research (2.2). The last section of this 
chapter provides the reader with an explanation of the psychological model of 
discoverability from a web design perspective (2.3).

2.1 Usability

Human-computer interaction problems have been an issue, and there has been a desire to 
resolve them, amongst design practitioners and researchers for a few decades now. Two 
influential researchers within the field of human-computer interaction, John Gould and 
Clayton Lewis, began discussing such problems from a usability perspective back in the 
mid 1980’s. They state that a computer system should be designed in a way that makes it 
easy to learn, and suggest that this can be achieved by studying the behaviours and needs 
of the user (Gould and Clayton 1985, 300). Usability was later developed by the Nielsen 
Norman Group, into a now well established quality attribute that is used to assess how 
easy a user interface design is to interact with. Such assessment is approached through 
usability testing and is defined by a set of quality components: learnability, efficiency, 
memorability, errors, and satisfaction (figure 2.1.1) 
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Figure 2.1.1: The five quality components of usability, as described by the Nielsen Norman Group (Nielsen 
Norman Group 2012)

2.2 Usability and responsive web design (RWD)

One design context within the field of informatics where interaction problems have been 
recognised by practitioners and researchers is responsive web design (Kim 2013, 31-35), 
abbreviated RWD. This section will first provide an explanation of the RWD approach to 
web design and the design problems it incurs, and then recount for usability research that 
has been conducted on RWD. 

RWD is a relatively new approach to web design that was born some time after the 
introduction of internet capable mobile devices. Such mobile devices were introduced for 
mainstream use in the first years of 2000, and utilised simple WAP browsers to facilitate 
the viewing of websites. Moving towards 2010 the WAP protocol became obsolete, and 
web browsers for mobile devices became more like their desktop counterparts. This 
development introduced a new environment for, and new demands on, website access on a 
wider range of devices and screen sizes. In order to understand these new demands, the 
author of this thesis quotes a passage from a book written by well known web design 
practitioner Ethan Marcotte:

In every other creative medium, the artist begins her work by selecting a canvas. A 
painter chooses a sheet of paper or fabric to work on; a sculptor might select a block of 
stone from a quarry. Regardless of the medium, choosing a canvas is a powerful, 
creative act: before the first brush stroke, before striking the chisel, the canvas gives 
the art a dimension and shape, a width and a height, establishing a boundary for the 
work yet to come. 

(Marcotte 2011, 3)

The author of this thesis concludes that Marcotte describes the practice of web design as a 
form of art, where the artist begins with a blank canvas of a predetermined size. Within 
the context of web design, the canvas is the size of the screen that the website is intended 
to be viewed on, which prior to the introduction of internet capable mobile devices was a 
“one screen size fits all” environment. The new environment that was introduced with 
internet capable mobile devices introduced the need to consider a wider range of screen 
sizes in the web design process. The web designer could no longer use a “fixed canvas” as 
the framework for their design. A solution for this design problem is RWD, an approach 
that allows a single design to adapt to a range of different screen sizes through a flexible 
grid based layout, flexible images and media, and media queries (Marcotte 2011, 9). While 
RWD does make it possible for the web designer to design a single website than can be 

Learnability How easy is it for users to accomplish basic tasks the first time they encounter the 
design?

Efficiency Once users have learned the design, how quickly can they perform tasks?

Memorability When users return to the design after a period of not using it, how easily can they re-
establish proficiency?

Errors How many errors do users make, how severe are these errors, and how easily can 
they recover from the errors?

Satisfaction How pleasant is it to use the design?
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viewed on multiple screen sizes, it also comes with a set of design related interaction 
problems: as the screen resolution changes, the RWD website alters the layout grid of the 
design, which often rearranges, compresses, and removes certain design elements. An 
example of such a design scenario is where the navigation menu of a RWD website is 
displayed in its full state on a desktop or laptop computer screen, while being reduced to a 
small menu icon when viewed on the screen of a mobile device (figure 2.2.1). 

The design problems associated with RWD websites have also been recognised in 
academia. A report from 2013 explains how smaller screens equate to space restriction, 
which means that a RWD website with a lot of design elements and content either 
becomes cluttered, or is turned into in a very long page when viewed on a smaller screen, 
making it challenging to interact with (Kim 2013, 32). In order to design a RWD website 
that is easy to interact with on a range of screen sizes, the designer must consider which 
elements and what content are the most important, and find a way to present the rest in a 
way that doesn’t cause interaction problems (Kim 2013, 33). A research paper from 2012 
suggests that the designer begins the process of designing a RWD website with 
considering the minimal amount of content that can be presented on the smallest screen 
while still fulfilling the purpose of the website. With this as a starting point, the designer 
can later use RWD design techniques to add less crucial web content as the website 
responds to a larger screen (Fox 2012, 122).

RWD research has also been approached from a usability perspective. A research project 
from 2015 was carried out with the purpose of examining usability principles for RWD 
within the context of e-commerce websites. The authors state that a lot of research has 
been carried out on usability principles for assessing web design, but that this research 
does not apply specifically to RWD (Majid 2015, 726). The researchers conducted a 
contextual document analysis with the goal of determining which usability principles are 
the most appropriate for assessing development of RWD websites in e-commerce. The 
analysis reveals that the most appropriate usability principles for RWD websites are 
consistency, familiarity, flexibility, and efficient feedback (Majid 2015, 729). Consistency 
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menu icon when viewed on the screen of a mobile device (right image).
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ensures that a specific action means the same thing throughout the design, and familiarity 
refers to how easy it is for the user to figure out how to interact with the design based on 
previous experience. Flexibility refers to a design that allows for the completion of the 
same task in a several different ways, and feedback refers to the information that the user 
receives to confirm whether or not a task or action is successful (Nielsen 1995). The 
author of this thesis points out that the usability principles mentioned in Majid’s research 
are not to be confused with the quality components of usability mentioned in section 2.1 of 
this thesis. However, the usability principles of consistency and familiarity can be regarded 
as “sub components” of the learnability quality component. In other words, discussing 
consistency and familiarity in a usability test setting, can be regarded as broader or more 
in depth way of discussing learnability.

A recent examination of a usability test that was conducted with the purpose of 
understanding how users interact with the RWD website of a library on different devices. 
The authors discussed that while RWD is a useful design solution, it was clearly seen that 
the experience interacting with the website was not the same across across devices (Tidal 
2016, 30). Some smartphone users typically did not scroll down far enough on the website 
to discover certain features/services, and some users were unable to tap and input data into 
the search box due to its compressed state on certain devices (Tidal 2016, 25). 

Sections 2.1 and 2.2 of this thesis describe how human-computer interaction problems 
have been recognised for a few decades now, and how usability has been established as a 
quality attribute that is used to assess how easy a user interface design is to interact with. 
It describes how RWD is a design context within the field of informatics that demonstrates 
interaction problems, and how usability tests can be used to assess how easy RWD 
websites are to interact with. While usability can be used to assess how easy a RWD 
website is to interact with, it does not provide a detailed psychological model that tells us 
how to design a RWD website that is easy to interact. This is where the author of this 
thesis suggests bringing discoverability into the design equation.  

2.3 Discoverability 

Around the same time as Gould and Clayton began discussing usability, two other well 
known researchers within the field of human-computer interaction, Donald Norman and 
Stephen Draper, emphasised the gulf in understanding between those who design 
computer systems and those who use them. They highlighted the importance of designing 
computer systems from a place of understanding the user, and suggested that designers use 
psychological models as an aid in designing user friendly computer systems (Norman and 
Draper 1986, 25-26). One such psychological model, which applies to the practice of 
design in general (not just the design of computer systems and user interfaces) was framed 
in one of Norman’s later books on design theory. In this book Norman states that a 
prerequisite for a good design is discoverability, a term that describes the ability of a 
design artefact to deliver information about what it does, how it works, and what 
operations are possible. The designer brings about discoverability by implementing a set of 
fundamental psychological concepts in the design process: affordances, signifiers, 
feedback, constraints, mappings, and the conceptual model (Norman 2013, 3).
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In order to understand how to implement discoverability in the design process, it is 
necessary to understand its six fundamental psychological concepts. The author of this 
thesis explains the concepts using a regular non-RWD website as an example artefact.  
The first concept, affordances, has its origin in the field of ecological psychology. James J. 
Gibson, a prominent psychologist within the field of visual perception, founded the term 
affordances and wrote “The affordances of the environment are what it offers the animal, 
what it provides or furnishes, either for good or ill” (Gibson 2015, 129). Norman brings 
the term into the field of design psychology, writing that: “An affordance is a relationship 
between the properties of an object and the capabilities of the agent that determine just 
how the object could possibly be used” (Norman 2013, 11). The author of this thesis 
concludes that an affordance is the existence of a possible interaction between the user and 
the website. For example: an affordance on the Hay House website is the possibility for 
the user to register a customer account (figure 2.3.1). 

Intricately tied into affordances, are signifiers. Norman states:

people need some way of understanding the product or service they are using - some 
sign of what it is for, what is happening, and what the alternative actions are. People 
search for clues, for any sign that might help them cope and understand. 

(Norman 2008, 19).

The author of this thesis concludes that signifiers can be described as visual cues which 
signify the affordances of a website. For example: the “register link” on the Hay House 
website signifies that the website affords creating a customer account. Without this link 
there would be no way for the user to know that it is possible to create a customer account 
(figure 2.3.2).
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Figure 2.3.1: An affordance of the Hay House website (www.hayhouse.com) is 
the possibility for the user to create a customer account.
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Feedback is another important concept of discoverability. It can be described as the 
information that the user receives about the results of their interaction with the website. 
For example: the number displayed in the shopping cart icon on the Hay House website is 
updated when the user adds an item to the cart (figure 2.3.3). Without this feedback the 
user would not know whether the shopping item has been added to the cart or not.

Constraints are a concept used to guide the user through the correct course of action, by 
restricting certain actions. For example: a user who clicks on the “send” button for a 
website contact form will receive an error message and not be able to complete the task of 
sending the information in the form if they have left out a mandatory field (figure 2.3.4).

Easy RWD - bridging discoverability and usability in responsive web design                                                            12

Figure 2.3.2: The “register link” on the Hay House website signifies that the 
website affords creating a customer account.
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Figure 2.3.3: The number displayed in the shopping cart icon on the Hay House 
website is updated when the user adds an item to the cart, providing feedback 
on the interaction with the website.
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Mappings is a concept that describes the relationship between two sets of things. One 
example to illustrate mappings is the relationship between the functionality of the website 
and the functionality of the trackpad on a laptop that the website is viewed on. An upward 
gesture on the trackpad results in scrolling downwards on the website, while a downward 
gesture results in scrolling upwards on the website (figure 2.3.5).

A conceptual model is an overall explanation of how a design artefacts works, and is 
typically made up by the signifiers, affordances, constraints, and mappings. An example of 
a conceptual model is the layout of a website which typically includes design elements and 
information that are typical for the header, the main body, and the footer of the website 
(figure 2.3.6).
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Figure 2.3.4: Constraint on the Hay House website: a user who clicks on the 
“send” button for the website contact form will receive an error message and not 
be able to complete the task if they have left out a mandatory field.
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Figure 2.3.5: Mappings on the Hay House website: an upward gesture on the 
trackpad results in scrolling downwards on the website, while a downward 
gesture results in scrolling upwards on the website.
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A recap of the six fundamental psychological concepts of discoverability, as interpreted in 
the context of a non-RWD website by the author of this thesis, follows in figure 2.3.7.

Figure 2.3.7: The six fundamental psychological concepts of discoverability.

A limited amount of academic research has been conducted on discoverability within the 
field of human-computer interaction. One study from 2016 explored how shading 
gradients as elements in almost flat designs can be used to improve discoverability. Visual 
processing of different types of shading gradients were examined using a visual search 
paradigm, and the results of the study showed that certain types of gradients make 
elements in the design more visible, increasing the overall discoverability of the design 
(Creager 2016, 343). Another study was conducted on natural user interfaces (NUI:s) 
with the purpose of understanding how the affordances of such interfaces can be 
communicated to the user. The authors of the study developed three different types of 
intuitive interaction mappings, and measured them for usability intuitiveness and 
engagement (ISO 9241 standard). The results showed that NUI discoverability can be 
improved with the use of mappings (Macaranas 2015, 368). Interaction displays and 
digital tabletops in public settings are another type of design artefact which have been 

Affordances The existence of a possible interaction between the user and the website.

Signifiers Visual cues which signify the affordances of a website.

Feedback The information that the user receives about the results of their interaction with 
the website.

Constraints Guide the user through the correct course of action by restricting certain actions 
with the website

Mappings The relationship between two sets of things on the website.

Conceptual model An overall explanation of how the website works.
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Figure 2.3.6: Conceptual model on Hay House website: the layout of the 
website which includes a header, a main body, and a footer with typical design 
elements and information.
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subjected to discoverability research. One such study where the researches developed and 
tested different menu designs for discoverability through an observation-based field 
experiment, found that the discoverability of menu systems can be improved by including 
animation in the visual feedback, as well as including a certain type of conceptual model 
(Seto 2012, 79). 

Another context for a discoverability study is the interface of the Adobe Acrobat software 
interface. The 5.0 version of the software received frequent complaints from users because 
they didn’t know what the different tools in the software do, they were unable to find the 
tools they need, and they didn’t understand how to use them. A task-based usability study 
revealed that many of these discoverability issues could be attributed to unintuitive menu 
structures and clutter in the user interface. A solution for improving the discoverability of 
the user interface was to introduce buttons for common task sequences, and these were 
later used to improve the interface of the Acrobat 6.0 software (Mendoza 2004, 917). 
Finally, an article titled “Responsive Web Design, Discoverability, and Mobile Challenge”, 
covers non responsive mobile websites and RWD websites for libraries. The article 
examines design solutions, and determines a set of guidelines for improving the user 
experience on various responsive websites. The title of the article includes the word 
“discoverability”, which in this particular case refers to the library patrons ability to know 
that the non responsive stand alone mobile website exists, not to the psychological model 
of discoverability (Kim 2013, 36-37).   

The individual concepts of discoverability have also been researched, particularly 
affordances and signifiers. Lu and Cheng describe how affordance theory can be used to 
explain the interaction between user and product. The researchers introduce the concept 
of the “perceptual probability of affordance” as an attribute to describe the probability that 
a user will perceive an affordance (Lu and Cheng 2012, 4). They also introduce the 
concept of “perceptual threshold of affordance”, which describes the threshold at which a 
particular affordance is perceivable by the user, and explain how the perceptual threshold 
will vary between individuals. They further suggest that a good design can be achieved by 
raising or lowering the perceptual threshold and that perceptual information can be used 
for doing so (Lu and Cheng 2012, 6). Another article, a case study of affordances and 
semantics in product design, concludes that successful interaction with a design can be 
achieved through different combinations of affordances, perceptual information such as 
text, and symbols (You and Chen 2006, 36).
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3. Methodology
 
This chapter provides the reader with a detailed description of the research methodology 
that was adopted for this thesis.

3.1 Literature review

The author of this thesis started off by identifying a topic within the field of Informatics. In 
order to do so, the author first established the understanding that informatics is “a theory 
and design oriented study of information technology use, an artificial science with the 
intertwined complex of people and information technology as its subject 
matter” (Dahlbom 1996, 29). With this understanding, the field of potential study was 
narrowed down to design related human-computer interaction problems. Discoverability 
was chosen as the main topic of study on the following basis: it allows for the design of 
user friendly design artefacts, there exists some previous discoverability related research to 
build on, it was determined that a procedure exists to carry out research on the topic, and 
that the results of the study will be of potential use for practitioners and researchers within 
the field. 

With discoverability set as the main topic, an extensive literature review was conducted to 
investigate what has already been done in terms of academic research on the topic. A 
literature search was conducted using Google Scholar, Academic Search Premiere (ASP), 
ACM, Sage Journal, ScienceDirect, Taylor and Francis, and Web of Science. Detailed 
information about the searches in each database is provided in figure 3.1.1. 
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Figure 3.1.1: Detailed information for the first search round.

The author of this thesis went through the titles of all these articles looking for the specific 
words “discoverability” in the title, or if the title otherwise signified that the article covers 
design related human-computer interaction problems. The search results retrieved by 
Google Scholar were sorted by relevance and only the first two hundred search results 
were analysed in this way, because it was considered unreasonable to examine all twelve 
thousand seven hundred results. In the cases where titles showed possible relevance, the 
author read the abstract, and where the abstract showed possible relevance, the author 
skimmed the whole article. This search process provided six discoverability themed 
articles that are relevant for this thesis. 

These initial articles gave insight into what has already been done in terms of 
discoverability research, and gave insight into a potential research context for this thesis. 
RWD was chosen as a context to proceed with, based on it being mentioned in one of the 
articles as a fairly new context where human-computer interaction problems exists (Kim 
2013, 31-35). The list of references in Kim’s article was examined and one relevant article 
was discovered, published on a non academic website, by a practitioner who is also a well 
known researcher. This article does not directly mention RWD, but does provide further 
insight into the design challenges associated with viewing non responsive websites on 
mobile devices, and also made the author of this thesis aware that usability is a quality 
attribute that can be used to assess how easy a website is to use (Nielsen 2011). 

The literature review was further deepened with a second search round using Google 
Scholar, Academic Search Premiere (ASP), ACM, Sage Journal, ScienceDirect, Taylor 
and Francis, and Web of Science. The goal of this second search was to find out what 
research has been conducted on the interaction problems associated with RWD. Detailed 
information about the searches in each database for this second search round is provided 
in figure 3.1.2. 

Database Search word/phrase Search criteria Results

Google Scholar Discoverability design Articles, sorted by relevance 12700

ASP Discoverability Peer reviewed articles 113

ACM Discoverability Full text selection 75

Sage Journal Discoverability design Anywhere, access type: all, research articles 75

ScienceDirect Discoverability design Journal articles, all years 311

Taylor&Francis Discoverability design All articles 360

Web of Science Discoverability design Core collection, topic, article. 25
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Figure 3.1.2: Detailed information for the second search round.

Although the author of this thesis was looking for discoverability related articles on RWD, 
“discoverability” was left out of the search for two reasons: an extensive search had 
already been conducted using the term, and because the author was aware that articles 
might mention discoverability, using other words to describe it. After reading the titles of 
all the search results to identify content that covers interaction problems with responsive 
web design, abstracts were read where titles showed relevance, and where the abstract 
showed relevance the whole article was skimmed. In the case of the Google Scholar 
search, the first two hundred articles were analysed in this way, for the same reason as 
stated for the first search round. Seven articles were determined to be of relevance. The 
bulk of information in these articles turned out to be descriptive of responsive web design 
technology, and results and reviews of usability tests of RWD websites.

This second search round also revealed that there has been a steady increase in the use of 
mobile devices to access the internet since the introduction of internet capable mobile 
phones for mainstream use (Glassman 2014, 78), and that the RWD approach to web 
design is seeing rapid growth alongside this increased use (Rempel 2013, 20), further 
motivating RWD as the research context for  this thesis.
 
The author of this thesis was not successful in finding any research that specifically covers 
discoverability and RWD, but to be on the safe side further searches were conducted using 
just Google Scholar and the following discoverability related search phrases: “user-
centered design responsive web design”, “affordance responsive web design”, “signifiers 
responsive web design”. The author of this thesis determined that it was enough to just use 
Google Scholar in this supplementary search round, because the previous two search 
rounds showed that Google Scholar would find many of the same articles as the academic 
databases. No relevant articles were discovered in this supplementary search. However, a 
search conducted with the regular Google search engine using the same search phrases as 
stated in this paragraph, revealed a web article from 2014, written by a practitioner in the 
field of web design, confirming a lack of discoverability focus in the practice of web design 
in general (Postolovski 2014).

Database Search word/phrase Search criteria Results

Google Scholar Responsive web design Articles, exact search phrase, by relevance. 4160

ASP Responsive web design Peer reviewed articles, TX all text. 49

ACM Responsive web design Full text, abstract matches all search criteria. 363

Sage Journal Responsive web design Anywhere, access type: all, exact search phrase 6

ScienceDirect Responsive web design In abstract/title/keywords, journals, exact 
search phrase

38

Taylor&Francis Responsive web design All articles, exact search phrase 47

Web of Science Responsive web design Core collection, topic, article, exact search 
phrase

56
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3.2 Usability test

The author of this thesis wanted to examine how discoverability can be used to improve 
the usability of a RWD website. In order to lay a foundation for answering the question, it 
was necessary to select a RWD website that could be used as a subject of study. The 
www.themeforest.net web template shop was explored to get an overview of the various 
RWD design layouts available for mainstream use. The author of this thesis also asked 
friends and personal connections to account for experience with particular RWD websites 
that have presented interaction problems. The RWD website of the Work Saigon co-
working space in Vietnam (www.worksaigon.com) was selected as the subject of study, 
because real life complaints had been made about interacting with it, and it was concluded 
that the design could be improved to make interaction easier. The next step was to select a 
method for assessing how easy the Work Saigon website is to interact with. Observation 
through a usability test was selected because the usability test is a well established 
technique for such purposes (Nielsen Norman Group 2012). 

With the test subject selected, and the usability test chosen as the method to examine it, 
participants were recruited for the usability test. Announcements were made on Facebook, 
Skype, and WhatsApp. The conditions for participation were dictated by the context of 
the RWD website, a co-working space, and set to being a representative user of a co-
working space. The “representative user” was defined as an individual who is an 
independent worker - someone who would realistically use a co-working space, such as 
those who work online, study online, are digital nomads etc. Selecting representative users 
for participation in usability tests is important, because it makes the test environment more 
realistic, which provides reliable results along with the motivation to engage in the test 
(Nielsen Norman Group 2003). Five participants were selected to participate. The number 
of participants was based on established usability assessment guidelines which state the 
best results come from testing no more than five users, and that involving more 
participants is a waste of time and resources as it doesn’t provide significantly more 
usability insight (Nielsen Norman Group 2000). 

The next step in designing the study was to come up with a set of common user goals that 
the representative user of a co-working space would realistically have. This was 
particularly important because usability testing guidelines state that observing realistic 
tasks offers qualitative insights into what is causing interaction problems, and gives insight 
into how to improve a design to relieve such problems (Nielsen Norman Group Jan 
12-2014). The author of this thesis assumed that common user goals would fall under the 
following categories: cost of using the co-working space, which facilities are available, and 
contacting and locating the co-working space itself. While the usability guidelines for 
setting user goals do not state a need to survey users, the author of this thesis decided to 
test his assumed goals by conducting a simple online survey. The survey was created using 
www.surveymonkey.com and it was announced on Facebook, Skype, and WhatsApp. A 
brief explanation of its purpose and an anonymity notice to convey and ensure the privacy 
of the participants (Patel and Davidsson 2003, 70) was included in the announcement. The 
requirement for participation was being a representative user of a co-working space. The 
survey consisted of a single question formulated with a high level of standardisation and a 
low level of structuring which allows for a qualitative analysis of the results (Patel and 
Davidsson 2003, 72), and written into a scenario to provide the participant with a context:
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A co-working space is a shared co-working space for independent workers. You 
are an independent worker and you have heard about a co-working space that you 
would like to use. You visit the website of the co-working space. What information 
would you expect to be able to find/what tasks would you expect to be able to 
perform on the website of the co-working space? Please state your four most 
important answers.

 
The participants were provided with four text boxes to provide free text answers, because 
this would make a qualitative analysis of the results possible. The results of the survey are 
accounted for directly in this section because the survey is not a required part of designing 
or conducting a usability test (Nielsen Norman Group Jan 12-2014), and therefor is not 
considered to require a dedicated space in the results section of this thesis. The purpose of 
the survey was simply to get an indication of accuracy of the common user goals for 
visitors of a co-working space website, as assumed by the author of this thesis. It is 
important to note that after the survey was released, the four initial responses were 
discarded because the answers provided by three of the participants clearly indicated that 
they had misunderstood the question. The survey was consequently updated with a 
descriptive image and released as a new survey. The answers given by the ten participants 
that followed clearly indicated that the question was correctly interpreted in the new 
survey. The answers are categorised by user goals and presented in figure 3.2.1 as they 
were written by the respondents. 

Resp. Cost Facilities Community Contact/location Book

1 *What kind of spaces or 
available for meetings 
etc
*Parking spaces
*Restaurans and local 
transport

*Other 
"companies" 

2 *Price *Available peripheral 
gadgets and tools

*Location *Availability

3 *Price *How the space looks
*What things are 
available to use in the 
space. e.g printers, 
lamps, chairs, desks, 
refrigerator, heating, 
cooling

*Make sure 
there is 
availability

4 *Price *Internet access
*Comfort

*Location

5 *Pricing *Colleagues *Address
*Contact 

6 *Cost *Facilities *Book space

7 *Cost
*Member
ships

*Community 
programs

*Location
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Figure 3.2.1: Results of the survey.  

The results from the survey clearly indicated that the bulk of the answers provided by the 
respondents fall under the categories of cost, facilities, and location/contact. The results 
provided a clear indication that the common user goals, as assumed by the author of this 
thesis, are realistic. The author of this thesis recognises that ten respondents is a low 
number for a survey, but concludes that the number is sufficient for two main reasons: the 
survey is not a required component of designing a usability test, and the answers that were 
retained showed a high level of similarity amongst all the respondents.

The established user goals were used to write a set of realistic tasks for the usability test. 
Established usability assessment guidelines state that three to five tasks are an appropriate 
number (usability.gov). The tasks were written into short scenarios in order to make them 
actionable (Nielsen Norman Group Jan 12-2014). Four tasks scenarios were written for 
the usability test. The first three scenarios are based on the assumed user goals confirmed 
by the survey, and the fourth scenario is based on additional information gained by the 
survey which also mirrors an existing website function. 

1. A co-working space is a shared working space for independent workers. You 
are an independent worker, and you are visiting the website of a co-working 
space that you are interested in. You want to find out how much it costs to use 
this co-working space. Use the website to find information about how much it 
costs to use the space.

2. You want to find information about which facilities are available at the co-
working space. For example internet connection, faxes, printers. Use the 
website to find information about the co-working spaces facilities.

3. You want to visit the co-working space. Find information about where they are 
located, and their opening hours.

4. You want to book the co-working space for a meeting or an event. Use the 
website to request a booking.

A preparatory assessment of technical and ethical considerations was made prior to the 
commencement of the test. The participants were informed about the technical 
requirements and given a basic outline of the test process, to ensure that the test would run 
as clearly and undisturbed as possible. It was explained to the participants that they would 

8 *What the comfort rules 
are
*Specifications 
regarding IT-
infrastructure
*Whether there is a 
receptionist or not?

*Book a 
meeting

9 *Pricing *Pictures and a good 
overlook of what the 
space looks like
*Information on how the 
space is equipped

*Information on 
who I'd be 
sharing the 
space with

10 *Price *Internet speed
*Layout of the space

*Location
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participate in the usability test of a RWD website, and that the purpose of the test is to 
gain insight into how RWD websites can be designed in a way that makes them easier to 
use. The author of this thesis was aware of the integrity problems associated with this type 
of study (Widerberg 2002, 40), so the participants were informed that their test session 
would be documented through an audio and video recording, that the recording would be 
stored on a password protected computer, and that it would be securely deleted once the 
study is completed. They were informed that no information about their identities would 
be revealed to anyone outside of the usability test setting, and that it would not be possible 
for anyone who reads this thesis to identify them. The participants were given a free will 
choice to accept the conditions or not. 

The usability test was conducted online, over Skype, in real time. The author of this thesis 
was aware that in-person usability testing is the most ideal approach because it provides an 
environment where it is possible to more fully observe participants behaviour through for 
example body language and pauses in action. However, such in-person testing not only 
requires more time and resources, it also requires that all participants are in the same 
physical location in order to participate. The in-person approach was not possible 
considering the time and resources available for this particular study, so the online 
approach was adopted instead. The online approach is a good alternative that makes 
recruiting participants faster and easier, while allowing the facilitator to observe the 
participants interact with the test subject (usability.gov). A browser based RWD emulator 
(www.viewportemulator.com) was used to simulate the test environment, allowing the 
participant to interact with the RWD website as it would be viewed on an average sized 
smartphone (figure 3.2.1). The smartphone format was chosen because it is the format that 
RWD theory and research shows that usability issues most often occur (figure 2.2.1; Kim 
2013; Tidal 2016). It was taken into consideration that the size of the computer screen 
used by participants during the test could vary, so in order to avoid discrepancy in the 
experience of viewing the website through the RWD emulator, the participants were 
instructed to set the emulators scaling tool to “real size”.

The participants were instructed to access the www.worksaigon.com website in the 
emulator, and then given the scenarios in written form, to be solved one at a time. Several 
measures were taken to ensure that the participants behaviours were not contaminated: 

• The participants were asked if they had visited the website before, in order to 
ensure that they did not have previous experience interacting with the website. 

• The participants were given the freedom to solve the tasks in their own time and 
way. The only instruction they were given was to think out loud during the test, 
and to follow the guidance provided in the task scenarios.

• The author of this thesis avoided using the words “test” and “task” when 
communicating with the participants because the words might put pressure on the 
participant, potentially effecting their behaviour. The words “assessment” and 
“actions” were used to avoid this. 

• The author of this thesis was available as a facilitator of the test, while avoiding 
talking too much because it could disturb the participants thought process. When 
engaging with the participants the echo and boomerang techniques were used to 
avoid leading the participants or influencing their behaviour (Nielsen Norman 
Group Jan 26-2014).
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One test round was conducted and this was determined to be sufficient since usability 
guidelines state that a single test round with five participants is enough to document the 
most prominent weaknesses (85%) of a design (Nielsen Norman Group 2000), and this 
was what the author of this thesis sought out to do. More test rounds could be conducted 
as the design undergoes further iteration.

The Ecamm screen recorder software was used to document the audio and video of each 
test session. The audio and video documented from each individual test was manually 
transcribed. The author of this thesis recognised that a qualitative analysis of text material 
lacks a unified strategy. In order to work towards quality and accuracy a few guidelines 
were followed during the transcribing process. The author conducted a couple of usability 
test sessions in one go and transcribed them soon thereafter. This process was repeated 
until all five test sessions had been completed. The purpose of conducting and transcribing 
a couple of test sessions at a time, rather than conducting all the test sessions before doing 
any transcribing, was to ensure that the interpretation of material was as “close to” the 
actual events as possible (Patel and Davidson 2003, 119).

The process of transcribing was as follows. Each audio and video recording was watched a 
couple of times, giving a bird's-eye view of where the participant experienced problems 
working through a task, and what was observed to be causing the problems. Each 
individual task was then processed separately in order to get a deeper understanding of the 
specific usability problems per task. The activity from the visual part of the recording was 
transcribed into words, the author writing down his observations without adding 
judgement or personal opinion that could contaminate the interpretation. The audio was 
later transcribed in exact words and sentences to preserve the conversations and the 
contexts, using Google Chrome’s “Transcribe” application. This process allowed for not 
only understanding the usability issues that presented themselves during the sessions, but 
also to understand the relationship between the participants thoughts and actions. An 
example of such a relationship is where the participants behaved in a certain way based on 
previous experiences: for example finding specific information in the page footer because 
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Figure 3.2.1: The www.viewportemulator.com was used to simulate the test 
environment for the usability test of the www.worksaigon.com RWD website.
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they expected it to be there. The transcribed material was later summarised to account for 
what happened during the test. Notes of observation were combined with quotes from the 
participants to describe the behaviour during each scenario. When all the scenarios had 
been processed in this manner, the whole text was read through and reprocessed several 
times to gain a deeper analytical understanding, and to make it as accessible as possible for 
the reader.
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4. Results
 
4.1 Usability test

The five participants in the usability test attempted all four task scenarios. The results are 
recounted for in this section. First per task scenario, then through identification of the 
design elements that cause interaction problems, and finally summarised in accordance 
with the five quality components of usability.

Task scenario: A co-working space is a shared working space for independent 
workers. You are an independent worker, and you are visiting the website of a co-
working space that you are interested in. You want to find out how much it costs 
to use this co-working space. Use the website to find information about how much 
it costs to use the space.

The co-working space has two options: a day pass which is free with food or drink 
purchases in the cafe, and a residential pass which is charged on a monthly basis. 
Participant 1 clicked on the menu icon and navigated the “co-working space” link, arrived 
on the page dedicated to information about the co-working space and found the 
information about the day pass option. The participant verbally expressed confusion over 
the day pass option being free with food and drink purchases in the cafe: “my thought now 
is that I don’t quite understand what this gives me…it just seems to be a cafe of some sort”. 
The participant continued to search the website for more options but gave up on the task 
without finding the residential pass option, with the comment: “I am not interested in this 
place anymore. It is not clear to me what I am actually getting.” Participant 2 completed 
the task by scrolling down on the main page, finding both the residential and day pass 
options, and ended the task with the comment: “I have to scroll down quite a bit to start 
finding what I needed to”. Participant 3 clicked on the menu icon and navigated the “co-
working space” link, arrived on the page dedicated to information about the co-working 
space, and found the information about the day pass option. The participant verbally 
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expressed the expectation of finding more options, returned to the main page and scrolled 
down where the residential pass option was discovered. The participant ended the task 
with the comment: “Ok, so what I needed to do was scroll down really far on the main 
page”. It was observed that participant 4 scrolled down on the main page and discovered 
both the day pass and residential options. Participant 5 scrolled down on the main page 
and discovered a link that led to the page dedicated to information about the co-working 
space, where the day pass option was discovered. The participant navigated to the 
cafeteria menu, verbally expressing the expectation of finding an exact price for the day 
pass. The participant later navigated back to the main page by clicking on the website 
logo, and scrolled down to discover the residential option.

Task scenario: You want to find information about which facilities are available at 
the co-working space. For example internet connection, faxes, printers. Use the 
website to find information about the co-working spaces facilities.

Participant 1 scrolled down on the main page, found a link to the page dedicated to 
information about the co-working space, navigated the link and found information about 
the facilities. Participant 2 said “so now that I have figured this out, I’m just going to scroll 
down”, scrolled down on the main page and found the information about the facilities. 
Participant 3 found the information by scrolling down on the main page, commenting: “I 
know roughly where to find this information, as I am acquainted with the website”. 
Participant 4 scrolled down on the main page, navigated a link to and got lost in the 
cafeteria menu, then navigated the main menu to the page dedicated to information about 
the co-working space and found the information about the facilities. Participant 5 found 
the information by scrolling down on the main page. 

Task scenario: You want to visit the co-working space. Find information about 
where they are located, and their opening hours.

All of the participants found the information in either the footer of the main page, or in the 
footer of the page dedicated to information about the co-working space. Participant 1 
commented: “I saw this information earlier”. Participant 2 commented: “it makes sense that 
it is placed at the bottom of the page”. Participant 3 commented: “I know roughly where to 
find the information, because I know now that I can scroll down on the page. Finding the 
information at the bottom of the page is a habit actually”. Participant 4 commented: “I’ve 
seen it in the footer”.

Task scenario: You want to book the co-working space for a meeting or an event. 
Use the website to request a booking.

All of the participants found the booking form by scrolling down on the main page. 
Participant 1 commented: “This wasn’t easy. I would expect to find a booking option in the 
menu”. Participant 2 commented: “okay I know I have seen event booking”. Participant 3 
commented: “I saw this before”, and also expressed the expectation of finding a button 
somewhere on the website for booking purposes. 

The results from the usability test show that the first task scenario was the most 
challenging, and took the most time for the participants to complete. Once the participants 
had completed the first task, by either scrolling down on the main page or navigating the 
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main menu to the page dedicated to information about the co-working space, it became 
easier for them to complete the subsequent tasks because they had learnt how to navigate 
the website and knew where the various information is located. The main usability 
problems are consequently related to navigating and finding information on the website, 
and can be narrowed down to three main design problems. The first of these design 
problems relates to the menu icon at the top right of the design (figure 4.1.1). Participants 
2 and 5 either did not discover the menu icon during the first task, or did not discover it 
all. When asked about it after all the task scenarios were completed, they commented: 

It just isn't  prominent enough. The icon should either be larger in size,  or a different 
colour.  (Participant 2 )

I did not see the menu icon at all. (Participant 5)

The second design problem that hinders learning how to navigate and find information on 
the website, is that the adaption of the website for the screen on a smartphone results in a 
very long main page, 640*15300 pixels on the iPhone 5s which was used during the 
usability test (figure 4.1.2). It took the participants between 3.5 and 18 minutes to 
complete the four task scenarios and it was observed that a majority of the participants 
spent a lot of time scrolling up and down on the website, and some commented about it 
while working through the tasks: 

It was only by chance that I scrolled down this far. I wouldn't normally do so. (Participant 1)

I have to scroll down quite a bit to start finding what I needed to find.  (Participant 2)

So what I needed to do was scroll down really far on the main page.  (Participant 3)
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Figure 4.1.1: The low visibility of the menu icon at the top right of the website 
presented usability issues for some of the participants.
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Figure 4.1.2: The adaption of the website for the screen on a smartphone results in a very 
long main page, which makes navigating the website cumbersome and time-consuming.
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The third design problem relates to the black scroll down arrow that is located behind the 
message button. The arrow is intended to function as an aid in the scrolling process (figure 
4.1.3), but only one of the participants saw it (at the end of their test session) and the rest 
didn't see it at all.

So far we have seen that the usability problems on the Work Saigon RWD website are 
related to the process of learning how to navigate and finding information on the website. 
The results from the usability test show that once the participants have learnt how to 
navigate and find information on the website, it becomes easier for them to perform tasks. 
Three main design problems have been identified to hinder the learning process: the low 
visibility of the menu icon, the low visibility of the black scroll down arrow, and the need 
for excessive scrolling on the main page. In order to further understand the results of the 
usability test, they are summarised in accordance with the five quality components of 
usability (figure 4.1.4).

Learnability Learnability refers to how easy it is for the user to accomplish basic tasks the first 
time they encounter the design. In the case of the Work Saigon RWD website, it took 
between 3.5 and 18 minutes for the participants to complete the four tasks. The first 
task was the most challenging and took the most time participants to complete, and 
this could be attributed to the process of learning how to navigate and find 
information on the website. Three main design related problems were identified to 
hinder the learning process: the low visibility level of the menu icon, the length of the 
main page which results in the need for excessive scrolling, and the low visibility of 
the black scroll down button at the top the main page.
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Figure 4.1.3: The black scroll down arrow which is intended to aid the user in 
the scrolling process is hidden behind message button.
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Figure 4.1.4: the results of the usability test summarised from a usability perspective with the five quality 
components of usability as guides.

The results of the usability test show that the main usability problems on the Work Saigon 
RWD website are related to the quality component of learnability. As can be seen by 
studying figure 4.1.4, placing emphasis on improving the learnability of the website would 
also result in improvement of the efficiency, error, and satisfaction quality components, and 
with this the overall usability of the RWD website.

Efficiency Efficiency refers to how quickly a user can perform tasks once they have learned the 
design. While the Work Saigon RWD website does have learnability issues that 
slowed participants down at first, the amount of time and effort required to complete 
a task decreased once they had learnt how to navigate and find information on the 
website. For example: the third and fourth tasks of the usability test were completed 
with relative ease and speed because the participants had already figured out the basic 
functionality of the website and where on the website the various pieces of  
information are located.

Memorability Memorability refers to how easily a user can perform tasks on a website when 
returning to the website after not using it for a while. Memorability cannot be directly 
accounted for in this particular test, as all of the tasks were completed in the same 
session and only one test round was conducted.

Errors The main errors are the difficulties with discovering the menu icon and the black 
scroll down button. 

Satisfaction As recounted for in the quotes made by the participants, all had interaction 
experiences with the Work Saigon RWD website that decreased the level of 
satisfaction:

“It just isn't prominent enough. The icon should either be larger in size, or a 
different colour” - Participant 2

“This wasn’t easy. I would expect to find a booking option in the menu” - 
Participant 1

“It was only by chance that I scrolled down this far. I wouldn't normally do 
so.” - Participant 1
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5. Discussion
 
5.1 Usability test

The author of this thesis took notes during each individual test session, with the purpose of 
documenting details that presented themselves during the study, that are important to 
account for in relation to the results. While all the participants were faced with interaction 
related problems during the test, they all displayed the motivation to participate by 
working through all the scenarios, in some cases even though it required a considerable 
amount of time (3.5 to 18 minutes to work through all the tasks). This indicated that the 
participants had been selected in a way that made them suitable for this particular usability 
test, and that the test environment was realistic, which helps to ensure the reliability of the 
results (Nielsen Norman Group 2003). None of the participants expressed any doubts or 
questions surrounding the meaning or interpretation of the task scenarios themselves, 
indicating that they were realistic and clearly written (Nielsen Norman Group Jan 
12-2014).  

It was noted during the first task scenario that the slow internet connections of 
participants 1 and 4 could have contaminated the conditions for completing the task: the 
menu icon first loaded on a blank background as it took a while for the background image 
to load, which resulted in the menu icon being more visible at first than it would have been 
if both these design elements had loaded simultaneously. In other words the slow internet 
connection could have made it easier for these participants to discover the menu icon. It 
was further noted that participants 1 and 4 did not have any problems locating the menu 
icon and did not make any comments about its visibility. 

The environment for interaction with the website on a smartphone when viewed through 
the RWD emulator differs in certain ways from the interaction with the website on an 
actual smartphone. One of the differences is that the participants use a mouse or a 
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trackpad when interacting with the RWD emulator, while swiping with their fingers on a 
touch screen if and when interacting with the website directly on a smartphone. The 
author of this thesis considers that these circumstances could affect the usability of the 
website. The need for excessive scrolling that became evident during the usability test, 
could present a different kind of challenge in a real life setting on an actual smartphone.   

It was observed that participant 4 completed the list of tasks within 3.5 minutes, which 
was significantly faster the other participants. The author of this thesis reacted to this 
during the session. When asked, after the all the tasks were completed, about the ability to 
solve them so quickly, the participant accounted for experience with designing websites. It 
was consequently considered that previous experience with designing websites could have 
helped the participant solve the tasks through design knowledge that the average user 
would not have.

The author of this thesis conducted the usability test in order to lay a foundation for 
answering the question how discoverability can be used to improve the usability of a  
RWD website. It is recognised that a single RWD website was tested for this thesis and 
that the results can only be claimed to apply for the particular RWD website of study. 
More studies of more RWD websites would be required in order to draw conclusions 
about how discoverability can be used to improve the usability of RWD websites in 
general.    

5.2 Results

The main research question for this thesis is: how can discoverability be used to improve 
the usability of a RWD website? An extensive literature review was conducted, laying a 
foundation of theory and previous research on usability, RWD, and discoverability. A test 
subject, the Work Saigon RWD website, was selected and a usability test was conducted 
for an assessment of its usability. The results from the test revealed that the main usability 
issues of the RWD website fall under the learnability quality component, are related to 
navigating and finding information on the website, and can be attributed to three main 
design problems: the low visibility of the menu icon, the low visibility of the black scroll 
down arrow, and the need for excessive scrolling. The literature review and the results of 
the usability test provided insight and understanding that allows the main research 
question to be refined to a sub-question: how can signifiers be used to improve the 
learnability of a RWD website?

The sub-question is processed and answered first. In order to do so the reader is reminded 
that discoverability is brought about by implementing one or more of the following 
fundamental psychological concepts in the design process: affordances, signifiers, 
feedback, constraints, mappings, and the conceptual model (figure 2.3.7). The first step in 
answering the sub-question is to identify the design problems that are causing the 
learnability problems, from a discoverability perspective. The reader is reminded that an 
affordance is the existence of a possible interaction between the user and the website 
(figure 2.3.1; Norman 2013, 3). Two affordances on the Work Saigon RWD website are 
the ability to navigate the menu, and the scrolling aid function. The reader is also reminded 
that in order for users to be able to perceive an affordance there need to be signifiers - 
visual cues which signify the affordances (figure 2.3.2; Norman 2008, 19). The signifiers 
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for the mentioned affordances are the menu icon and the black scroll down arrow. The 
main design problems that were identified during the usability test and cause learnability 
issues are: the low visibility of the menu icon, the black scroll down arrow, and the need 
for excessive scrolling on the main page. Understanding this it is possible to bridge 
signifiers with learnability: the low perceivability of the signifiers can be identified as 
causes for the learnability issues. It is consequently suggested to work with signifiers to 
improve the learnability of the RWD website (figure 5.2.1). 

Working with signifiers to improve the learnability of the Work Saigon RWD website, the 
following design solution is suggested: re-scale the background image so that it does not 
interfere with the menu icon or the black scroll down arrow, remove the message button so 
that it is not in the way of the arrow, increase the size of the menu icon, and couple the 
black scroll down arrow with descriptive text (figure 5.2.2).

Fundamental concept of discoverability Quality component of usability 

Signifiers Learnability 

Two affordances are the ability to 
navigate the menu, and the scrolling aid 
function. Affordances need visual clues, 
or signifiers, in order to be perceivable.

The learnability issues are related to 
navigating and finding information on 
the website.

The necessary signifiers for the above 
mentioned affordances are the menu 
icon and the black scroll down arrow. 
These design elements have a low level 
of perceivability.

The learnability issues can be attributed 
to the low visibility of the menu icon, the 
low visibility of the black scroll down 
arrow, and the need for excessive 
scrolling.

Work with signifiers to improve the learnability of a RWD website.

Figure: 5.2.1: Walkthrough of reasoning behind working with signifiers to improve the learnability of the 

Work Saigon RWD website. 
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The author of this thesis repeats the sub-question: how can signifiers can be used to 
improve the learnability of a RWD website? As the reader can see in figure 5.2.2 the 
author’s main solution for answering the question is working with signifiers to iterate the 
design - making the menu icon and the black scroll down arrow more perceivable. This 
results in it being easier for the user to perceive the affordances of navigating the menu 
and the scrolling aid, which improves the learnability of the website by making it easier for 
the user to navigate and find information on the website (figure 5.2.3).

Figure 5.2.2: Working with signifiers to improve the learnability of the Work Saigon RWD website: In the 
original design (left image) the learnability is compromised by the low visibility of the menu icon and the 
black scroll down arrow, making it difficult to perceive the affordances of navigating the menu, and the 
scrolling aid function. In the iterated design (right image) the background image is re- scaled, the message 
button is removed, the size of the menu icon is increased, and the black scroll down arrow is coupled with 
descriptive text, making it easier for the user to perceive the affordances. 

�
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The suggested main solution for working with signifiers to improve the learnability of the 
Work Saigon RWD website is motivated and tested against theory and previous research 
on affordance theory and signifiers. Donald Norman states that a prerequisite for a good 
design is discoverability - a term that describes the ability of a design artefact to deliver 
information about what it does, how it works, and what operations are possible. He 
suggests that the designer brings about discoverability by implementing fundamental 
psychological concepts in the design process, one of these concepts being signifiers 
(Norman 2013, 3). Describing the use of signifiers, Norman further states:

How can signifiers be used to improve the learnability of a RWD website?

Signifiers Learnability 

Suggested main solution Issue

Re-scale the background image so that it 
does not interfere with the menu icon or 
the black scroll down arrow, remove the 
message button so that it is not in the 
way of the black scroll down arrow, 
couple the black scroll down arrow with 
text, and increase the size of the menu 
icon.

The learnability issues are related to 
navigating and finding information on 
the website. The issues can be attributed 
to the low visibility of the menu icon, the 
low visibility of the black scroll down 
arrow, and the need for excessive 
scrolling.

Result

It becomes easier for the user to perceive 
the affordances of navigating the menu, 
and the scrolling aid.

Desired condition 

It is easy for the user to navigate, and 
find information on the website.

Working with signifiers can improve the learnability of a RWD website.

Figure 5.2.3: How can signifiers be used to improve the learnability of a RWD website?

�

�

�

�

�

�

�

�

�

�

Easy RWD - bridging discoverability and usability in responsive web design                                                            35



people need some way of understanding the product or service they are using - 
some sign of what it is for, what is happening, and what the alternative actions 
are. People search for clues, for any sign that might help them cope and 
understand.

(Norman 2008, 19)

Lu and Cheng introduced the concept of “perceptual threshold of affordance”, which 
describes the threshold at which a particular affordance is perceivable by the user. They 
argue that the perceptual threshold can be lowered through the use of perceptual 
information, and that a good design can be achieved by doing so (Lu and Cheng 2012, 6). 
The “perceptual information” can equated to the signifier. The main solution for working 
with signifiers to improve the learnability of the Work Saigon RWD website involved 
making two signifiers, the main menu and the black scroll down arrow, more perceivable. 
In other words the perceptual threshold of the signifiers was lowered with the purpose of 
making them easier to perceive, hence more discoverable. A case study of affordances and 
semantics in product design concluded that successful interaction with a design can be 
achieved through different combinations of affordances, perceptual information such as 
text, and symbols (You and Chen 2006, 36). Once again, the perceptual information can 
be equated to the signifier, and a combination of the black arrow and the text “scroll 
down” was used to make the signifier for the scrolling function more perceivable. The 
procedure is summarised below (figure 5.2.4 (continues on page 37)).

Prerequisite for a good design

Donald Norman states that a prerequisite for a good design is discoverability, a term that 
describes the ability of a design artefact to deliver information to the user about what it 
does, how it works, and what operations are possible. He suggests that the designer 
brings about discoverability by implementing fundamental psychological concepts in the 
design process, one of these concepts being signifiers (Norman 2013, 3).

Why work with signifiers?

In order to motivate working with signifiers, the author of this thesis quotes Donald 
Norman: people need some way of understanding the product or service they are using - some sign of what it is for, 
what is happening, and what the alternative actions are. People search for clues, for any sign that might help them cope 
and understand. (Norman 2008, 19)
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With the suggested answer to sub-question, it is possible to answer the main research 
question: how can discoverability be used to improve the usability of a RWD website? As 
mentioned in the results section for the usability test, the main usability problems on the 
Work Saigon RWD website are related to the quality component of learnability. The 
suggested solution for the sub-question shows how working with signifiers can improve 
the learnability of the website. As can be seen by studying the results from the usability 
test (figure 4.1.4), placing emphasis on improving the learnability of the Work Saigon 
RWD website would also result in improvement of the efficiency, error, and satisfaction 
quality components. In other words, the suggested solution for the sub-question also 
provides the answer for the main research question (figure 5.2.5).

Perceptual threshold of affordance 

The perceptual threshold of affordance, 
describes the threshold at which a 
particular affordance is perceivable by 
the user. Lu & Cheng argue that the 
perceptual threshold can be lowered 
t h r o u g h t h e u s e o f p e r c e p t u a l 
information, and that a good design can 
be achieved by doing so (Lu & Cheng 
2012, 6) The perceptual information can 
be equated to the signifier.

Affordances and semantics

Successful interaction with a design can 
b e a c h i e v e d t h r o u g h d i f f e r e n t 
combinations of affordances, perceptual 
information such as text, and symbols 
(You & Chen 2006, 36). The perceptual 
information can be equated to the 
signifier. 

Implementation

The perceptual information of the menu 
icon is lowered to make the affordance of 
navigating the menu more perceivable.

Implementation

The black scroll down arrow is coupled 
with text to make the affordance of the 
scrolling aid more perceivable.

Improves learnability by making it easier to navigate and find information on the RWD 
website.

Figure 5.2.4: Why work with signifiers to improve the learnability of the Work Saigon RWD website? 
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Sub-question: how can signifiers be used to improve the learnability of a RWD website?

Signifiers

Suggested main solution: Re-scale the 
background image so it does not 
interfere with the menu icon or the scroll 
down arrow, remove the message button 
so that it is not in the way of the black 
scroll down arrow, increase the size of 
the menu icon, add text to the black 
scroll down arrow.

Learnability

Issue: The learnability issues are related 
to navigating and finding information on 
the website. The issues can be attributed 
to the low visibility of the menu icon, the 
low visibility of the black scroll down 
arrow, and the need for excessive 
scrolling.

Result: It becomes easier for the user to 
perceive the affordances of navigating 
the menu, and the scrolling aid.

Desired condition: It is easy for the user 
to navigate and find information on the 
website.

Working with signifiers can improve the learnability of a RWD website.

Main research question: how can discoverability be used to improve the usability of a 
RWD website?

Working with signifiers to improve the learnability of the Work Saigon RWD website 
also results in improvement of the efficiency, error, and satisfaction quality components 
of usability (figure 4.1.4) In other words, the suggested main solution for the sub-
question also provides the answer for the main research question.

Signifiers Learnability

Discoverability Usability 

Figure 5.2.5: Answering the main question through the sub-question. 
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6. Conclusion

The author of this thesis sought out to answer the research question: how can 
discoverability be used to improve the usability of a RWD website? An extensive literature 
review was conducted to lay a foundation of theory and previous research on usability, 
discoverability, and RWD. With this foundation it became clear that in order to answer the 
research question, it would be necessary to conduct a usability test of a RWD website and 
use the results from the test to build the answer on. A usability test revealed that the main 
usability problems on the Work Saigon RWD website are related to the quality component 
of learnability and could be narrowed down to three main design problems. The design 
problems were analysed from a discoverability perspective which deepened the 
understanding of the design equation and allowed for formulating a sub-question: how can 
signifiers be used to improve the learnability of a RWD website? The design of the Work 
Saigon RWD website was iterated by working with signifiers: the perceptual threshold of 
the menu icon was lowered to make it more perceivable, and the black scroll down arrow 
both had its perceptual threshold lowered and was coupled with text to make it more 
perceivable. This work with signifiers allowed for improving the websites learnability 
problems, and because the results of the usability test showed that improving the 
learnability would improve the overall usability, the solution for the sub-question also 
became the answer for the main research question - discoverability can be used to improve 
the usability of a RWD website by working with signifiers. 

By bridging discoverability with usability this thesis contributes with a new approach to 
designing a RWD website that is easy to use. This thesis examined one RWD website. 
Further research on more RWD websites is required in order to draw generalised 
conclusions about how discoverability can be used to improve the usability of RWD 
websites. 
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