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Abstract 
 
Nowadays, with the ever so growing amount of digital products and services, one aspect in 

the field of Human Computer Interaction (HCI) has become increasingly important: User 

Experience (UX). When creating digital products or services for a user, the essence of 
providing them with products, which are not only functional but are also aesthetically 

pleasing, efficient, satisfactory and enjoyable, has become a major part of our digital world. 
Starting in the 1980s, many theories and models have emerged trying to explain how and 

why people perceive different interactive interfaces.  

 
However, as user experience is a subjective feeling, therefore differs for every person, it 

proves to be a challenge for designers and developers as how to create a product which 
provides the best user experience. In addition to that, there are various different definitions 

of the term user experience, which adds to the above mentioned challenge. The models and 

theories discussed in this thesis try to explain and pinpoint how a human perceives figures 
such as elements and forms, for example the cognitive model Model Human Processor or 

the psychological model Gestalt gesetz. Mental models, such as the Seven Stages of Action 
or the Four Affordances try to evaluate what is necessary to ensure the user reaches their 

goal effectively. More recent models, such as Reality-Based Interaction and Blended 

Interaction draw their focus on how and why certain interfaces are perceived as more natural 
and what effect that aspect has on user experience. 

 
Nonetheless, these models are not necessarily the most practical when it comes to 

developing and designing interactive systems, as they might be too abstract or simply 

outdated by now to use effectively.  This thesis discusses the practical relevance of said 
theoretical models, with its focus lying on the establishment of quality user experience. It has 

to be said that generally, designers should be familiar with these models and furthermore, 
have to know whether or not they are applicable for their individual project. Models such as 

Reality-Based Interaction prove to be promising when it comes to creating interactive system 

as they provide the designer with various usable explanations and best-practices how to 
enhance the user experience by making the system seem more natural. In addition to that, 

the main focus of the designer should always lie on the individual user and their capabilities, 

experiences, knowledge and expectations of modern interactive interfaces. 
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Kurzfassung 
 
Mit der immer größeren werdenden Anzahl an digitalen Produkten und Services heutzutage, 

wird ein Aspekt der Human-Computer Interaction (deutsch: Mensch-Maschine Interaktion) 

immer wichtiger: User Experience (deutsch: Benutzererlebnis). Beim Erstellen von digitalen 
Produkten und Services ist es essentiell geworden, nicht nur auf die Funktionalität, sondern 

auch darauf zu achten, ob sie ästhetisch ansprechend, effizient, zufriedenstellend und 
angenehm während der Benutzung sind. Seit den 1980er-Jahren versuchen einige Theorien 

und Modelle zu erklären, wie Menschen jene interaktiven Benutzeroberflächen wahrnehmen. 

 
Da das Benutzererlebnis ein sehr subjektives Gefühl ist, und deswegen für jeden Menschen 

unterschiedlich aussieht, ist es zunehmend eine Herausforderung für Entwickler und Designer 
geworden, ein Produkt zu erstellen, welches dem Benutzer das beste Benutzererlebnis 

gewährt. Ein weiterer Punkt, welcher eine Herausforderung darstellt, ist, dass es in der 

Literatur viele verschiedene Definitionen von Benutzererlebnis gibt. Die Modelle und 
Theorien, welche in dieser Arbeit besprochen werden, versuchen festzustellen, wie Benutzer 

Elemente und Formen wahrnehmen, so zum Beispiel das kognitive Model des Model Human 
Processor oder das psychologische Modell der Gestaltgesetze. Mentale Modelle, wie das 

Modell der Seven Stages of Action und das Modell der Four Affordances versuchen zu 

erklären, was nötig ist, um sicherzustellen, dass der Benutzer sein festgestecktes Ziel effizient 
erreichen kann. Aktuellere Modelle, wie das Modell der Reality-Based Interaction und das 

Modell der Blended Interaction legen ihren Fokus auf die Frage, warum manche 
Benutzeroberflächen für den Benutzer als natürlicher wahrgenommen werden, und welchen 

Einfluss dieser Aspekt auf das gesamte Benutzererlebnis hat. 

 
Trotz alledem sind diese Modelle nicht unbedingt praxistauglich bezüglich Entwicklung und 

Design von interaktive Benutzeroberflächen, da manche Modelle zum einen zu abstrakt und 
zum anderen zu theoretisch sind, um von UX Designer effektiv in die Praxis umgesetzt 

werden zu können. Diese Arbeit behandelt dementsprechend die Praxisrelevanz der oben 

genannten theoretischen Modelle, mit einem Fokus auf die Herstellung eines guten 
Benutzererlebnisses. Designer sollten deswegen zwar mit den Modellen vertraut sein, 

allerdings auch abschätzen können, inwieweit diese relevant für das jeweilige Produkt sind. 

Modelle, wie das Modell der Reality-Based Interaction stellen sich als vielversprechend 
heraus, bei der Erstellung interaktiver Systeme, da sie dem Designer nützliche Erklärungen 

und Beispiele geben, wie man ein System als möglichst „natürlich“ erscheinend gestalten 
kann. Weiters sollte der Hauptfokus von Designern auf den Benutzer an sich, seinen 

Fähigkeiten, Erfahrungen, Wissen und Erwartungen an moderne interaktive Oberflächen 

liegen. 
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CHAPTER 1 

 

1. Introduction 
In this day and age, we are surrounded more and more by interactive products and 

technologies. In nearly every living situation there is a technology, which is helping or 

assisting us in our daily life. This ever so growing aspect lead to the development of new 
fields in Human Computer Interaction (HCI): Usability and User Experience (UX). Even though 

the user is most likely not aware of the term UX, they want to have the greatest possible 
experience during all interaction phases with a technology. If the usage of a product is not 

pleasurable for the user, they possibly will not use that product again in the future. 

Therefore, a quality user experience has become one of the goals of a good product or 
service. Since the 1980s, a growing number of models, theories and principles regarding 

what users motivates them to use a product and how they perceive them, have arisen. 
 

1.1 Motivation 

Providing the user with a product or service, which meets their needs is a key requirement of 
good user experience (Nielsen & Norman, The Definition of User Experience (UX)). But what 

is user experience? A standard definition has been coined for user experience, stating the 

following:  
 

„A person’s perceptions and responded that result from the use and/or anticipated use 
of a product, system or service.“ (ISO 9241-210) 

 

In addition to that, Nielsen (2013) states, that the product should be easy and pleasant to 
use. The system should allow the user to accomplish basic tasks the first time they use it. 

Furthermore, the interface should be efficient and provide a way in which the user can 
recover from possible errors they might have encountered during the interaction with the 

system. Therefore, it is not only important for the service to have all the desired features, but 

it should also be easy to use and provide the user with a good user experience at the same 
time (Nielsen, Usability 101: Introduction to Usability, 2012). 

 
Why is a good user experience important? Products which enable a good user experience 

are often more successful than products which offer more functionality. As an example, 

Hartson and Pyla (2012) name the Blackberry, which once has been the market leader for 
smartphones, before the iPhone had been released in 2007, which has less functional 

capabilities than the Blackberry. But as the iPhone offered an excellent user experience, it 

rapidly outsold the Blackberry.  
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To portray and interpret how a user is interacting and perceiving an interactive system, a 

number of researchers came up with theoretical principles and models. One of the first 
models is the Model Human Processor, which has been established in 1986 by Card, Moran 

and Newell. This model draws an analogy between the storage of a computer and how the 
human brain processes and remembers things (Card et al, 1986).  

 

However, the problem is, that it is not always clear, how these theoretical models can be 
transferred into practice. Some models simply are too theoretical and abstract, so it is not 

necessarily apparent to a designer, how these principles should be used when developing a 
new interactive product or website. Another problem is, that it is not evident which models 

should be used to create a good user experience. Furthermore, the question arises whether 

or not these models portray aspects of HCI and user experience and whether they are still 
relevant today. Due to the development of technology, these models might not take the 

current state of technology into consideration, therefore being outdated for practical 

relevance. 
 

For this reason, the main motivation behind this thesis is to find the practical relevance of 
these models and theories for UX designers. The purpose of this thesis is, firstly, to discuss 

some of the most relevant theoretical models and secondly, to establish whether or not they 

can help creating good user experience. This will help to create a guide for possible future 
work in the practical relevance of theoretical models. 

  



Tamara Undesser Definitions and Theoretical Background 

 8 

CHAPTER 2 

 

2. Definitions and Theoretical Background 

2.1 Definition of Usability 

Whenever a user interacts with a computer system, human-computer interaction (HCI) 

occurs. Usability is an aspect of HCI, which, according to the international standard for 
Ergonomics of Human System Interaction, is described in the following way: 

 

“The extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a specified context of use.” 

(ISO 9241-11, 1997) 

 
The three terms effectiveness, efficiency and satisfaction are popular criteria to measure 
good usability (Nielsen, 1993) and are defined in the ISO standard (ISO 9241-11. 

Effectiveness describes the accuracy and completeness with which the user can accomplish a 
specific goal. The term efficiency specifies the resources needed in relationship with the 

accuracy and completeness of the achieved goal. And finally, the term satisfaction represents 

the comfort and acceptability of the system to the user and the people which may be 
affected by its use. 

 
Nielsen (1993) also states that usability is not a single, one-dimensional property of user 

interface. He claims that usability comprises of five key attributes, which are learnability (how 

easy it is for users to finish a basic task when they encounter a new design), efficiency (once 
learned, how quickly can the user perform a specific task), memorability (after a period of not 

using the system, how easily can the user re-establish proficiency), errors (does the user make 
any errors and if so, what does the system do to prevent them and how can the user recover 

from those errors) and satisfaction (how pleasant is the design to use).  

 
In his book, Nielsen (1993) also lists another component of usability: utility. The term utility 

determines whether or not a system provides the user with the features they need. Utility and 

usability are equally important when it comes to developing a product, as together they 
describe if something is useful to the user. For example, a website can theoretically provide 

the user with all the features they require but if the user interface of the website is unpleasant 
or inefficient to use, the user will leave the website and probably will not return.  

 

To sum up the factors mentioned above into one all-embracing definition and to find a 
definition to base this thesis on, the following definition of usability will be considered: 



Tamara Undesser Definitions and Theoretical Background 

 9 

“Usability is the pragmatic component of user experience, including effectiveness, 

efficiency, productivity, ease-of-use, learnability, retainability, and the pragmatic 
aspects of user satisfaction.” (Hartson & Pyla, 2012, p. 6) 

 

2.2. Definition of User Experience 

It is important to differentiate usability and user experience (UX). As mentioned in the 

previous chapter, usability deals with the effectiveness, efficiency and satisfaction of a user 
when interacting with specified environments. User experience however is concerned with 

“all aspects of the user’s experience when interacting with the product, service, environment 

or facility” (ISO 9241-210). 
 

Nielsen and Norman (2012) define the first requirement of good user experience as the 
accomplishment of meeting the exact needs of a user. After that comes simplicity and 

elegance of a product which makes it enjoyable to use (joy-of-use). Additionally, Hassenzahl 

and Tractinsky (2006) state that the focus of good user experience should lie more on 
meaningful experiences, rather than the knowledge gained through the usage of the product. 

 
There are a broad range of definitions for user experience, but the basis for the discussions 

in this thesis will be a definition, which has been established by Hartson und Pyla: (2012,  

p. 5): 
“User experience is the totality of the effect or effects felt by a user as a result of the 

interaction with, and the usage context of, a system, device, or product, including 
the influence of usability, usefulness and emotional impact during interaction, and 

savoring the memory after interaction. “Interaction with” is broad and embraces 

seeing, touching, and thinking about the system or product, including admiring it 
and its presentation before any physical interaction.” 

 
Hartson and Pyla (2012) define usefulness as the ability to use a system or product to 

accomplish the goals of the user. Emotional impact is the affective component which 

influences the feeling of the user. It includes factors such as pleasure, fun, joy-of-use, 
aesthetics, desirability, pleasure, novelty, originality, sensations, and can also include deeper 

emotional aspects such as self-expression or self-identity.  
 

Emotional impact is also described as “hedonic quality” (Schrepp et al., 2006) or “perceived 

or experienced hedonic quality” (Hassenzahl et al., 2001). Hassenzahl describes hedonic 
qualities as the psychological and emotional experiences of the user and puts them into 

three categories: stimulation (the user wants to be stimulated in order to enjoy their 

experience with the product), identification (the human need for expressing themselves 
through objects) and evocation (the memories and feelings the experience invoke in a user). 

 
Jordan (2002) on the other hand, proposes a framework for considering pleasure with 

products (also called The Four Pleasures). In this framework, the four different types of 

pleasure that the user seeks in a product are discussed. The four pleasures are the physio-
pleasure (how does the product feel like when the user is holding it in their hands), socio-

pleasure (the user’s relationship with the product), psycho-pleasure (the user’s cognitive and 



Tamara Undesser Definitions and Theoretical Background 

 10 

emotional reactions to a product) and ideo-pleasure (the aesthetics of a product and the 

value which it embodies). In addition to that, Zhang (2009) claims that aesthetics is part of 
the emotional interaction when it comes to user experience. Aesthetics is described as a 

sense of pleasure or beauty, including sensual perceptions (Wasserman, Rafaeli & Kluger, 
2000).  

 

To show the connection between aesthetics and emotion, Norman (2004) proposes a three 
level processing model for emotional design. The first level requires visceral design, which 

refers to the “gut instinct”. The second level focuses on behavioural design, which discusses 
the need for pleasure when using a product. According to Norman, this is the most 

meaningful experience. The third and last level refers to the reflective design, which involves 

aspects such as self-image, association and how the user thinks about the product after using 
it. 

 

To sum up, user experience is a very broad concept, which embodies all aspects of usability, 
but it also focuses on the achievement of the user’s goal including other aspects, such as 

human factors, ergonomics, human computer interaction, accessibility or brand experience. 
The problem with defining user experience is, as it is felt internally and is highly subjective, it 

is impossible to design it, because “good user experience” is depending in the context of 

use and the individual user. Each and every user will perceive a system differently, but with 
the basic principles in mind and with the help of the cognitive models which will be 

discussed in the next chapter, it is possible to design a system for a good user experience. 
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CHAPTER 3 

 

3. Models of Cognitive Psychology 
In the late 1970s, a connection between human factors and HCI and usability has been 

made; Gannon (1979) referred to them as “human factors in software engineering”, which 

has coined the term human factors engineering. In addition to that, in the early 1980s, 
models referring to cognitive psychology, starting with the Model Human Processor by Card, 

Moran and Newell, became very popular. Cognitive psychology establishes a connection 
between the design and human performance, including cognition, memory, perception, 

attention, decision-making and human behavioural characteristics and limitations. Human 

factors engineering and cognitive psychology share the same goal of system operability for 
the user (Hartson & Pyla, 2012). Since the first model in the 1980s, there have been many 

contributors to the field of cognitive psychology and HCI, reaching from purely psychological 
models, cognitive models to models, which work with metaphors or the more modern 

models, which include frameworks such as reality-based interaction or blended interaction. 

 

3.1. Cognitive Models  

3.1.1. Model Human Processor 

The Model Human Processor is the earliest contribution to models of cognitive psychology in 
regards to HCI and has been defined by Card, Moran and Newell in 1983. This model is an 

attempt to show the connection between the way a user processes and remembers things 
and the processing and storage of a computer. It is based on numerous results of 

psychological experiments and provides a compact basis for applied analysis. It models the 

information processes of a user when interacting with a system. 
 

According to Card et al. (1983) the Model Human Processor can be described as a set of 
processors, memories and their interconnections. The three parameters for memory in this 

model are the storage capacity in items, the decay time (half-life) of an item and the type of 

code (iconic, acoustic, visual, semantic). Memory itself can additionally be categorized in 
long-term memory and working memory (or short-term memory). The parameter for the 

processors is the cycle time measures, measured in milliseconds. 
 

Card et al. (1983) propose, that the human mind is composed of three partially coupled 

processors, the Perceptual Processor, the Cognitive Processor and the Motor Processor. 
Each of these processors have a similar cycle time; between 25 – 360 msec. One has to 

differentiate between serial processes, such as pressing a key in response to a light and 

integrated, parallel processes, like typing, reading and simultaneous translation. In the latter 
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process, information flows continuously from the input (perceptual processor) to the output 

(motor processor). The Human Processor Model suggests, that all three processors 
mentioned earlier are working simultaneously in that case. 

 
 

 

 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
Figure 1 shows the process of a serial process, triggered by an external stimulus (ears or 

retina of the eyes) and flows through to the perceptual processor. At the end of the cycle of 

the perceptual processor, the image is available to the user in the visual image store (or the 
auditory image store in case of a sound stimuli). At this stage, which is situated in the 

working memory, the human is able to hear or see the stimuli. In the working memory, the 
information given by the perceptual processor is then processed by the cognitive processor. 

There, the recognize-act cycle starts, which is linking the content of the working memory with 

content stored in the long-term memory. The user is recognizing the content in the working 
memory and modifies it. Additionally, based on that information, the user is planning an 

action through the motor processor (e.g. typing on a keyboard). 
 

As each of these cycles is measurable, the Model Human Processor makes it possible to 

calculate predictions of user performance. Hence, it allows the designer to predict which 
types of design interfaces would work well and enables the calculation of how long a user 

will take to carry out a specific task. However, the cycle time per processor differs from 

person to person, which may result in inaccurate calculations and is therefore a bit too 
abstract and general for designers to apply to their work. 

 

Figure 1 Model Human Processor (Card et al., 1983) 



Tamara Undesser Models of Cognitive Psychology 

 13 

Nonetheless, some implications from the model may be, that the human processing capacity 

is rather small and that there is a constant danger of cognitive overload. It suggests, that 
designers have to use meaningful and familiar patterns wherever possible, to ensure 

recognition and should simplify options for decision-making. Card et al. (1986) state, that the 
Model Human Processor is the base of many following models in HCI and is therefore one of 

the most significant of them all. 

 

3.1.2. GOMS 

The GOMS model has been established by Card, Moran and Newell in 1983 is a modeling 

technique, which predicts what actions skilled users will do to carry out a well-known task, 
how long it will take them to reach their goal and which cognitive skills are involved in 

human-computer tasks. It is based on information processing frameworks, such as the Model 

Human Processor. GOMS stands for the four components Goals, Operators, Methods and 
Selection rules and are defined as the following (Card et al, 1983): 

• Goals: the final result the user wants to accomplish 

• Operators: perceptual, cognitive or motor actions which are used to accomplish the 

goal 
• Methods: procedures of sub goals and operators which can accomplish a goal 

• Selection rules: the personal rules a user is following when they are deciding what 

method to use 
 

 

  

Figure 2 GOMS analysis (John & Kieras, 1996) 
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Figure 2 shows an exemplary GOMS analysis, with the task being to edit and move a text 

within a manuscript. As seen in this example, the main goal is divided into sub goals and 
selection rules. Based on this analysis, it should take the user 14.38 seconds to achieve their 

goal (John & Kieras, 1996). 
 

According to Card et al. (1983), the GOMS framework focuses on the explanation of the 

selection of methods to reach a specific goal. In order to predict the time needed to reach 
the goal, GOMS assumes that familiar cognitive skills can be described as a sequence of 

cognitive operations and motor activities and that each of these have a set time parameter. 
As an example, Card et al. (1983) found the parameter for one keystroke is about 280 

milliseconds for a mid-skilled user.  

 
However, as stated by Olson and Olson (1990), there are limitations to the GOMS 

framework. One of which is that it only applies to skilled users but not novice or intermediate 

users. Novice users might take much longer to complete a task. Another limitation is that 
GOMS does not consider the aspect of learning or possible fatigue a user might experience 

when using a system. Additionally, it does not address errors, which even a skilled user might 
encounter. An explanation for the limitation in the GOMS framework is, that the initial work 

by Card et al. in 1983 has been conducted on a limited range of domains and that it was 

initially only meant for text editing tasks. 

 

3.1.3. Hick’s Law 

Hick’s Law has been established in 1952 and states that the time required to decide on an 

option increases as the number of alternatives increases. It is an equation, which is used to 
estimate how long it will take a user to make a decision when they are presented with 

multiple choices (Hick, 1952). This law is relevant for user experience, as it implies design 
decisions when developing a function with multiple options, such as menus.  

 

The equation of Hick’s Law is RT = a + b log2 (n), in which RT is the response time, a is the 
total time which is involved with decision making, b is an empirically derived constant which 

is based on cognitive processing time for each option (in the case of humans: 0.155 seconds) 

and n is the number of equally probable alternatives (Lidwell, Holden, & Butler, 2010). As an 
example, assume that it takes 3 seconds to detect a phone ringing and understand its 

meaning. Furthermore, let us assume that a user has to press one of three buttons on the 
phone to solve the problem the ringing phone has caused: RT = (3 seconds) + (0.155 

seconds)(log2(3)) = 3.24 seconds. The complete reaction time of hearing a phone ring and 

react accordingly is, in this case, 3.24 seconds. 
 

However, Hick’s Law is not applicable for the process of decision-making when it involves 
complex options, such as reading and answering questions on a test. Therefore, it is 

decreasingly suitable as the complexity of the tasks increases, which means Hick’s Law does 

not apply for complex menus or navigations, and that design applications of Hick’s Law 
should focus on simple menu structures. Correct usage of Hick’s Law will lead to a 

minimization of response times, error rates, and training costs (Lidwell, Holden, & Butler, 
2010).  
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3.2. Psychological Models 

3.2.1. Gestalt Gesetz 

The Gestalt gesetz or Gestalt psychology is a theory of mind, which has been first created in 

the early 20th century. It tries to explain the meaning of how people perceive shapes or 
forms. One of the main contributors to gestalt psychology is Koffka (1935), who describes 

some of the most popular laws (or principles) of gestalt perception.  All described principles 

(except the law of Prägnanz) can be seen in figure 2. 
 

Law of Prägnanz 

This law is one of the most basic laws of gestalt and says that people have the tendency to 
interpret complicated images or figures, which can be interpreted in various ways, as simple 

as possible (Koffka, 1935). An example would be a set of characters such as “:-)”, which are 
interpreted as a face and not as three individual characters. As a consequence, a design 

should reduce the number of complicated and asymmetrical elements, as symmetrical are 

perceived as simpler and more stable (Lidwell, Holden, & Butler, 2010). 
 

Law of Closure 
The Law of Closure says that if an element in a figure is missing, people tend to add it in 

their mind and perceive a set of individual elements as a single figure (Wertheimer, 1923). 

According to Lidwell et al. (2010), closure should be used to minimize complexity in a design 
and adding a more interesting aspect to a design by creating recognizable patterns.  

 
Law of Proximity 

The Law of Proximity discusses the tendency that people perceive elements, which are near 

to each other to be more related than elements, which are farther apart (Koffka, 1935). 
Proximity should be used to describe relatedness of elements within a design, such as a label 

describing a function of a checkbox (Lidwell, Holden, & Butler, 2010). 
 

Law of Good Continuation 

The Law of Good Continuation claims that elements which are aligned in a row are perceived 
as more related than elements, which are not in a line (Koffka, 1935). An example would be if 

a user would be confronted with a line, which is continuing through another line, they will 
perceive this figure as two lines intersecting each other rather than two simple angles.  

 

Law of Similarity 
Another law which deals with relatedness is the Law of Similarity, which states that elements, 

that are similar to each other will be seen as more related than elements, which are not 

similar to each other (Koffka, 1935). Being similar to each other can occur if the elements 
have the same shape, size or colour. 

 
Law of Figure and Ground 

The Law of Figure and Ground claims that objects are either perceived as figures (or objects 

of focus) or ground (the rest of the object) (Beardslee & Wertheimer, 1958). If the relationship 
between the figure and the ground is unstable, people will see the same picture in different 

ways, which might lead to confusion. Therefore, Lidwell et al. (2010) suggest that designers 
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should clearly differentiate between figure and ground in order to avoid confusion for the 

user.  

 
Figure 3 Gestalt principles (Yusylvia, 2010) 

Mental Models 

3.2.2. Seven Stages of Action 

The Seven Stages of Action have been defined by Don Norman (2013) in the first edition of 
his book The Design of Everyday Things in 1988, and describe the stages a user has to go 

through in order to complete a goal. In order to understand that theory, we have to know 

about the Gulf of Execution and the Gulf of Evaluation (Norman, 2013), which explain the 
two gulfs people have to go through to reach their desired goal. The moment a user has 

established a goal, the Gulf of Evaluation starts, where the user is planning and trying to 
figure out what to do and henceforth performing the action needed to reach the goal. The 

Gulf of Evaluation describes the stages the user goes through, when interpreting the state of 

the action made and whether the result was desirable or not.  
 

The Seven Stages of Action start by forming the goal. Following that, there are the three 
stages of execution in order to bridge the Gulf of Execution. These three stages are the 

planning of an action, the specification of an action sequence and the performing of an 

action sequence. After that, the user has to bridge the Gulf of Execution by going through 
the following three stages: perceiving what has happened, interpreting and making sense of 

it and lastly, comparing the result with the desired goal. A visual image of the seven stages 
can be seen in figure 4. 

Figure 4 The Seven Stages of Action and the Levels of 
Processing (Norman, 2013) 
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As an example, the desired goal of a user is to make a nice meal (Stage 1). The user then 

plans the meal by choosing a specific recipe (Stage 2), following by specifying the steps 
necessary for completing the recipe, such as preheating the oven (Step 3). After the 

specification the user has to actually execute those actions (Step 4). After cooking the meal, 
the user is experiencing the smell, taste and look of the meal (Stage 5), and putting those 

perceptions together to represent the sensory experience of the whole meal with all its 

ingredients (Stage 6). The user then has to evaluate whether the meal met the requirement 
of a nice meal, which was the initial goal at the start (Stage 7). 

 
To sum up the Stages as defined by Norman (2013, p.41): 

1. Goal (form the goal) 

2. Plan (the action) 
3. Specify (an action sequence) 

4. Perform (the action sequence) 

5. Perceive (the state of the world) 
6. Interpret (the perception) 

7. Compare (the outcome with the goal) 
 

Norman (2013) states, that not all of the activities in the stages are happening consciously, as 

the human can go repeatedly through the stages without even noticing. Only if the user is 
confronted with something new or difficult, conscious attention of the user is required.  He 

also explains that the action cycle does not necessarily start from the top (goal-driven 
behavior), but can also start from the bottom (data-driven or event-driven behavior). In the 

latter, the cycle starts with the world or the environment and goes through the three stages 

of evaluation first. 
 

As seen in figure 4, the Seven Stages of Action can be associated with the three levels of 
processing, which have been discussed in Section 2.2, also defined by Norman (2013). The 

lowest level is the visceral level of calmness or anxiety when a user is performing or 

evaluating a task. The middle level describes the behavioral processing, which is steered by 
the expectations before the execution of a task (hope or fear) and the emotions driven by the 

confirmation of the expectations on the evaluation side (despair or relief). The highest level is 
the reflective processing, which includes emotions such as satisfaction, pride, blame or 

anger, depending on the cause of the goal and the consequence of the action (Norman, 

2013). 
 

The relevance of this model for UX design is, that Norman (2013) proposed seven 
fundamental design principles based on his model. He claims that one of the most important 

components of a good design is to give the user feedforward (information which helps the 

user answer questions of execution) and feedback (information about the impact of the 
action). Both feedforward and feedback have to be presented to the user to match their 

individual needs. The seven design principles are the following (Norman, 2013, p.71): 
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1. Discoverability 

It is possible to determine what actions are possible and the current state of the 
device. 

2. Feedback 

There is full and continuous information about the results of actions and the current 

state of the product or service. After an action has been executed, it is easy to 

determine the new state. 
3. Conceptual model 

The design projects all the information needed to create a good conceptual model 
of the system, leading to understanding and a feeling of control. The conceptual 

model enhances both discoverability and evaluation of results. 
4. Affordances 

The proper affordances exist to make the desired actions possible. 
5. Signifiers 

Effective use of signifiers ensures discoverability and that the feedback is well 
communicated and intelligible. 

6. Mappings 

The relationship between controls and their actions follows the principles of good 

mapping, enhanced as much as possible through spatial layout and temporal 

contiguity. 
7. Constraints 

Providing physical, logical, semantic, and cultural constraints guides actions and 
eases interpretation. 

 

3.2.3. The Four Affordances 

In the book The Design of Everyday Things (Norman, 2013), which was first published in 
1988, the term affordance was first brought into the field of HCI and usability. According to 

Norman (1999), affordances are a crucial and important concept in the field of user 
experience. As seen in chapter 3.2.2. The Seven Stages of Actions, Norman (2013) defines 

affordances as one of his seven design principles. An affordance is a characteristic of user 

objects and interaction design features, which help the user to reach their goal (Hartson & 
Pyla, 2012).  

 
In order to clarify how the term affordance is used in HCI, Hartson (2003) defined four types 

of affordances. Each of these affordances are playing a different part in supporting the user 

during the interaction process and portrait the user processes and the actions they make in 
task performance. They are using different mechanisms, have different requirements for 

design and different implications in evaluation and problem diagnosis. Therefore, Hartson 
(2003) proposes these four affordances as the following:  

1. Cognitive affordance, which helps the user with their cognitive actions, such as 

thinking, deciding, learning and remembering 
2. Physical affordance, which helps the user with their physical actions, such as 

touching, pointing, gesturing and moving things 
3. Sensory affordance, which helps the user with their sensory actions, such as seeing, 

hearing and feeling 

4. Functional affordance, which helps the user to do real work and get things done 



Tamara Undesser Models of Cognitive Psychology 

 19 

Cognitive affordances are the most significant part in interaction design, especially for novice 

users who need a guiding hand when it comes to understanding and learning, according to 
Hartson and Pyla (2012). A primary example for good cognitive affordance would be the 

login or logout button on a website, which conveys its meaning through adequate icons. This 
shows that cognitive affordances are also linked to semantics of a website (Hartson & Pyla, 

2012). 

 
Physical affordances are a design feature which enables the user do interact with the system 

physically, such as appropriate size or easy-to-access location of buttons. In comparison to 
cognitive affordances, physical affordances are playing a key role in interaction design for 

experienced users, who do not rely on high cognitive affordance, according to Hartson and 

Pyla (2012). Design issues for physical cognition include Fitts’ Law (Fitts,1954), which is an 
empirically-based mathematical formula calculating straight linear movement from a starting 

position to a target position. Issues include the movement distances or target object size, 

such as buttons. 
 

Sensory affordance plays a critical role in interaction design, as they help the user see 
cognitive and physical affordances in the first place. According to Hartson and Pyla (2012) 

design issues for sensory affordance are noticeability, discernibility, legibility or audibility. If 

the user is unable to sense (or read) a label on a button, the user would be unable to perform 
cognitive actions. 

 
The last affordance, function affordance links usability to usefulness and adds a purpose to a 

system. Hartson and Pyla (2012) describe as an example the clicking of a button has always a 

purpose. McGrenere and Ho (2000) also describe this concept as “affordances in software” 
and establish the connection between usability and usefulness. 

 
Gaver (1991) describes affordances in interaction design as a way of concentrating on 

possible strengths and weaknesses of technology. He extends the concept of affordance by 

stating the complexity of affordances in regards to time and/or space by suggesting how 
affordances can be revealed over time with successive user actions. As an example he gives 

the multiple actions a user takes when interacting with a hierarchical drop-down menu.  
 

3.2.4. Designer’s Mental Model vs. User’s Mental Model 

When a designer is creating a product, they are forming a mental (conceptual) model of the 

product. Conceptual models are used to help us achieve our goals and are based on 
previous experience, training and instruction (Norman, 2013). For a designer this means to 

create a product which includes documentation, instructions or signifiers to help the user 
reach their goals. The problem however is, that the product itself is not with the designer 

when the user is using it, so it is no longer in the designer’s vertex, but in a second vertex, 

which is called the system image (Norman, 2013) and can be seen in figure 5. 
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The system image can be derived from the 

products physical features or the above 
mentioned documentation or signifiers. Based 

on the system image, a user is building their 
own mental (conceptual) model, which includes 

the user’s experience, instructions or trainings. 

The designers goal is, that the user’s model 
exactly is the same as the designer’s goal. 

However, as there is no direct communication 
between user and designer, this is not always 

the case (Norman, 2013). 

 
This model shows that good communication is 

essential when designing a product because if 

the user cannot use a product, it will most 
certainly receive poor reviews and will fail. Therefore, designers have to pay attention to 

provide the product with the appropriate information to make it usable, understandable and 
enjoyable for the user (Norman, 2013). The understanding of the user’s mental model is a 

process used in user-centered design (UCD), which also focuses on designing a conceptual 

model to fit the user’s model. UCD is a process which conducts data on whether a system is 
easy to learn and use, focusing on the user’s needs and carrying out tasks analysis and 

requirement analysis, which enables designers to design iteratively (Weinschenk, 2011). 

 

3.2.5. Direct Manipulation  

Direct manipulation is an interaction style, which enables the user to interact with objects of 

interest using physical, incremental and reversible actions, which are immediately visible in 
the interactive system (Sherugar & Budiu, 2016). Some of the most popular examples of 

direct manipulation is moving a mouse or joystick to manipulate the object of desire. 

According to Shneiderman (1983), direct manipulation offers a satisfying user experience of 
operation on visible objects, as interactive systems become transparent and the user can 

therefore concentrate on their tasks. The term direct manipulation has been defined by 

Shneiderman at a time when the most popular interaction style was the command line, and is 
used to describe a system with following properties: 

1. Continuous representation of the object of interest 
2. Physical actions or labelled button presses instead of complex syntax 

3. Rapid incremental reversible operations whose impact on the object of interest is 

immediately visible (Shneiderman, 1982, p.251) 
 

Direct manipulation is an important concept of graphical user interfaces and can also be 
described as “what you see is what you get” (WYSIWYG). According to Shneiderman (1983), 

direct manipulation consists of several main attributes. First of all, the functionalities of the 

system are easy to learn for novices, usually through a demonstration by an experienced 
user. The user does not have to learn and remember a complex syntax, as the objects of 

interest are visually presented and therefore the user can use recognition instead of recall. A 
second attribute is that experts can carry out a wide variety of tasks very quickly. However, 

direct manipulation is not good for repetitive tasks. Nonetheless, as the user can 

Figure 5 The Designer's Model, the User's 
Model and the System's Model (Norman, 
2013, p. 32) 
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immediately see their actions in the system, they can change the direction of their activity if 

an error occurs. As the user can predict system responses and because actions are easily 
reversible, the user is experiencing less anxiety and is gaining more confidence because they 

feel like they are in control of the system (Shneiderman, 1983). 
 

Hutchins, Hollan and Norman (1985) describe to major metaphors of the qualitative feeling 

of engagement, the conversation metaphor and the model-world metaphor. The 
conversation metaphor describes a system in which the user and the system have a 

conversation, making the system an intermediary between the user and the world about 
which things are being said. On the other hand, the model-world metaphor describes a 

system, which itself is a represented world in which the user’s actions have a direct impact. If 

the model-world metaphor is appropriately used, it can give the user the sense as if they are 
part of the domain themselves, which Hutchins et al. (1985) also call direct engagement. 

 

As described in chapter 3.2.2. Seven Stages of Action, the Gulf of Execution and the Gulf of 
Evaluation provide the concept of the distance between a user’s goal and the level of 

description provided by the system. These gulfs are bridged by making commands and by 
perceiving, interpreting and evaluation the displayed output. Hutchins, Hollan, & Norman 

(1985) state, that the aim of direct manipulation is to minimize the cognitive effort for the 

user, and propose, that “the feeling of directness is inversely proportional to the amount of 
cognitive effort it takes to manipulate and evaluate a system” (Hutchins, Hollan, & Norman, 

1985, p. 318). To sum up, the easier the system allows the user to help bridge the Gulf of 
Execution and the Gulf of Evaluation, the less cognitive effort is needed and the user is 

feeling the interaction as more “direct” (Hutchins, Hollan, & Norman, 1985). 

 
However, there are several problems concerning direct manipulation, as stated by 

Shneiderman (1983). Firstly, using graphic representation of the problem might not improve 
performance, as the study of Shneiderman (1983) suggests; the content of the graphic 

representation is dependent on its utility. Hence, the wrong information or cluttered 

representation can lead to greater confusion for the user. Secondly, the user has to learn the 
meaning of the graphic representation, especially if the meaning of icons or signs are not 

initially obvious. Thirdly, the graphic representation might be misleading, as the user might 
not share the designer’s metaphor (see 3.2.4. Designer’s Mental Model vs. User’s Mental 

Model). Therefore, user testing and clear communication is required, or as stated by 

Shneiderman (1983, p. 66): “The trick in creating a direct manipulation system is to come up 
with an appropriate representation or model of reality”. 

 

3.3. Post-WIMP Models 

3.3.1. Reality-Based Interaction 

Reality-Based Interaction is a concept which ties together a wide variety of interaction styles 
which have diverged from the WIMP (“window, icon, menu, pointing device”) or direct 

manipulation interaction style (as discussed in the previous chapter) and was first coined by 

Jacob et al. in 2008. Examples for these Post-WIMP interaction styles are, according to 
Jacob et al. (2008, p. 201), “virtual, mixed and augmented reality, tangible interaction, 

ubiquitous and pervasive computing, context-aware computing, handheld, or mobile 
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interaction, perceptual and affective computing as well as lightweight, tacit or passive 

interaction.“ 
 

Jacob et al. (2008) claim, that these new interaction styles are building on the user’s pre-
existing knowledge of day-to-day life, such as naïve physics, their own bodies, the 

environment and other people. Hence, by drawing upon these “themes of reality” these 

post-WIMP interfaces reduce the gulf of execution (as discussed in chapter 3.2.2 Seven 
Stages of Action) by making the user feel like they are interacting with the real, non-digital 

world as opposed to a computer. By moving interfaces closer to the real world and being 
able to directly manipulate an object as opposed to commanding a computer, these 

interaction styles increase the realism of interface objects by using actions which are related 

to daily practices in the non-digital world. 
 

The framework of Reality-Based Interaction focuses on four themes for the real word (as seen 

in figure 6), which play a crucial part in emerging interaction styles, which Jacob et al. (2008, 
p. 202) state as the following: 

• Naïve Physics: people have common sense knowledge about the physical 

world 
• Body Awareness & Skills: people have an awareness of their own physical 

bodies and possess skills for controlling and coordinating their bodies 

• Environment Awareness & Skills: people have a sense of their surroundings 
and possess skills for negotiation, manipulating, and navigating within their 

environment 

• Social Awareness & Skills: people are generally aware of others in their 
environment and have skills for interacting with them 

 

 
Figure 6 The four themes of Reality-Based Interaction (Jacob et al., 2008, p. 203) 

Naïve physics describes the concept of the human perception and knowledge of physical 

principles, such as gravity, friction or the persistence of objects. As an example, the iPhone 
uses the concept of inertia and springiness when scrolling through the contact list; after the 

user’s finger has been removed, the list continues to scroll as if itself has actual mass. The 
second theme, body awareness and skills describes the user’s familiarity and understanding 

of their own body, their range of motion and the senses, which are involved in perceiving 

certain phenomena. Emerging interaction styles therefore increasingly adapt to input styles, 
such as two-handed interaction or whole-body interaction (Jacob et al., 2008). 

 

Based on naïve physics and body awareness is the third theme, environment awareness and 
skills. This theme refers to the user’s sense of orientation and spatial understanding of 
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surrounding objects and landscape. Putting this in the context of emerging interaction styles, 

many virtual reality and augmented reality interfaces use this theme by putting reference 
objects and landmarks in the virtual environment to provide the user with essential cues for 

orientation. In addition to that, some systems represent the user’s body in the environments, 
which further enables the user to develop skills in the virtual environment, such as picking up 

and positioning objects. The last of the four themes, social awareness and skills, refers to the 

awareness of other people and the social interaction with them. Many emerging interaction 
styles encourage features like working together in a team or representing other user’s 

presence by displaying their avatars to the other users (Jacob et al., 2008). 
 

Jacob et al. (2008) welcome the trend of increasing reality-based interaction styles as it 

reduces the mental effort required to operate with a system and it also might increase the 
speed of learning. Additionally, in situations which involve time pressure or stress, exactly 

those features may improve performance due to the user not needing to learn interface-

specific skills. However, as Jacob et al. (2008) state, a useful interface design can rarely mimic 
entirely the real world and will have to include some unrealistic and artificial features and 

commands. They also claim, that a designer has to find the balance between non-realistic 
and realistic elements in the interface design. Certain reality-based interaction principles 

should be traded against other considerations, the goal being to give up reality only 

explicitly and only for the following desired qualities (also described as tradeoffs): 
• Expressive Power: users can perform a variety of tasks within the application domain 

• Efficiency: users can perform a task rapidly 

• Versatility: users can perform many tasks from different application domains 

• Ergonomics: users can perform many tasks without physical injury or fatigue 
• Accessibility: users with a variety of abilities can perform a task 

• Practicality: the system is practical to develop and produce 

(Jacob et al., 2008 p. 206) 

 
Examples for these so-called tradeoffs are, that in some cases, as claimed by Jacob et al. 

(2008), reality-based interactions may not be ideal for people with handicaps or injuries, 

hence realism in the system should be decreased in favor of ergonomics and accessibility. 
Other cases, where realism should be given up, are practical matters such as costs or 

technical limitations, or when reality-based interactions decrease the functionality or 
efficiency of a system. 

 

Concluding the framework of reality-based interactions, according to Jacob et al. (2008), it is 
important to increase the reality of interactive systems as they have many benefits for the 

user if used correctly. One of the goals is to enable the user to perform tasks realistically; 
however, to additionally provide non-realistic functionalities and analogies when necessary. 
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3.4.2.  Blended Interaction 

The framework of Blended Interaction is based on the concept of Reality-Based Interaction 
to help explain, when and why users perceive certain user interfaces as natural and intuitive 

(Jetter et al., 2014).  
 

As discussed in the previous sections of this chapter, users create a mental model or concept 

of the system with which they are interacting with, and through the benefits of metaphors, 
direct manipulation and a good understanding of the user’s mental model, the designer can 

help creating good user interfaces. The process of the user creating a new concept from 
unknown inputs is also called conceptual integration, which people are using subconsciously 

all the time (Fauconnier & Turner, 2002). With conceptual integration the user is able to 

create and apply new concepts from two or more existing input concepts based on pre-
existing knowledge and past experiences. Pre-existing knowledge of users include the four 

domains of reality (as stated by Jacob et al. in the chapter 3.3.1. Reality-based Interaction), 

already well established digital concepts (such as the concept of folders and redo/undo) and 
the expressive power of digital computation (such as the concept of putting files in a cloud 

or on a server). The result of this process is called a blend and is the basis of the framework 
of Blended Interaction, as proposed by Jetter et al. (2014). An illustration of that framework 

can be seen in figure 7. 

 Figure 7 Overview of the framework Blended Interaction (Jetter et al., 2014, p. 1149) 
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Leading from these blends, Jetter et al. (2014) introduce four domains of design of Blended 

Interaction, which help the designer to apply their framework, which can be seen in figure 7 
as well, and are the following: 

 
1. Individual interaction  

The main part of every collaborative interaction is the individual user’s interaction 

and their ability to interact and manipulate the system, designers have to make sure 
to provide adequate interaction interfaces, such as tangible interaction or multi-

touch, instead of the more traditional interaction methods, like the mouse and 
keyboard. 

2. Social interaction and communication 

Due to the fact that people have well established social norms and protocols when 
interacting and communicating with each other, the designer has to develop 

interfaces which support those norms and protocols. 
3. Workflow 

Individual and social interactions are usually structured by a workflow, which defines 

phases and their outcomes. Hence, the designer has to create interfaces which on 
one hand, guide the users in their collaborative work and give them structure, but on 

the other hand, should encourage them to be inventive and use the system 

creatively. 
4. Physical environment 

The physical environment in which collaborative interaction takes place refers to the 
actual physical room and its properties, but also properties of digital devices (display 

size or sound). The designer should consider that factor when creating an interface 

and how they can possibly be altered to fit the user’s needs.  
 

Furthermore, Jetter et al. (2014) also claim, that what we see as our “reality” and what as 
digital concepts, has changed over the years. Especially younger people who are growing up 

with technology all around them, perceive actions such as pinch-to-zoom or swiping on a 

display as a concept of their reality and perceive these concepts as if they were a feature of 
the real world. This fact enables designers to build interfaces or blends, which build on these 

already established concepts. However, designers always have to consider the finding of 
good design tradeoffs. This means that, when designing an interface, the designer has to 

find a solution which lies, on one hand, between creating an easy to understand interface, 

which makes use of real-world concepts but are often inferior in terms of expressive power 
and efficiency; and on the other hand, between expressive interfaces, which provide the user 

with much power, but are hard to learn, for example programming languages. 
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CHAPTER 4 

 

4. Practical Relevance in UX Design 
In order to establish the practical relevance of the theories and models discussed in chapter 

3, they are being applied to an interactive system. This will help to understand the theories 

by seeing them on one comprehensive system, and on the other hand will aid to draw a final 
conclusion. The findings of this chapter should give more insights on which models are 

relevant when designing a UI and which models help creating a good UX for the user.   
 

4.1 Example Project – Self-service kiosk 

As an example project, the NTS self-service is used, which is a self-service kiosk by the 
software developer company NTS Retail GmbH. The NTS self-service is located in physical 

shops of telecommunication companies (telcos) and provides the customer with a number of 

features, such as buying phone top-ups and vouchers or paying open invoices. All of these 
actions are payable by cash or via the EFT terminal. This system is designed to be intuitive 

and should reduce the workload of store employees while also decreasing the waiting time 
for customers.  

 

There are various challenges when it comes to this 
product. Firstly, the target audience is quite wide 

and varied, as it is serving practically to the whole 
customer base of telcos, which means that the pre-

existing knowledge and experience with interactive 

systems is quite varied as well. Secondly, this system 
does not provide haptic or audio feedback, which 

might lead to additional challenges, for example 
when being used by people with special needs.  

 

At the time of writing this thesis, the NTS self-service 
still in development, which means that continuously 

improvements are being made. The NTS self-service 
color scheme can be adapted to suit telco brands, 

however, due to copyright reasons only the NTS 

standard version (seen in figure 8) can be shown and 
discussed. 

Figure 8 NTS self-service 
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4.2. Application of Models 

4.2.1. Hick’s Law 

Hick’s Law states that the time required to decide on an option increases as the number of 

alternatives increases (Hick, 1952). As described in the previous chapter, it is not applicable 
for difficult decision-making tasks, however, it proves to be useful for simple tasks, such as 

choosing an option out of a simple menu structure. In the case of the NTS self-service this 

law can be tested on a screen, in which the user has to choose between their preferred 
method of payment (seen in figure 9). 

In figure 9 there are only two options to choose from, cash or card. In a previous design of 

this screen, there have been four options: Maestro, VISA, MasterCard and Cash. It can be 
assumed that the design with the four options takes the user longer than the design in figure 

9, according to Hick’s Law. This is because, not only does the user have to read more 

options, but if they choose to pay with card, they also have to think about which kind of card 
they are using.  In case of the new design, they only have to choose whether they desire to 

pay by cash or by card, leading to a shorter response time and error rate.  
 

However, as the correlation between the number of choices and the time required to make a 

choice is logarithmic, rather than linear, this means that reducing the options is not 
necessarily ideal. According to Soegaard (2017) one take away of Hick’s Law is to categorize 

the choices rather than limiting them, especially when it comes to complex site structure of 
options. This also correlates to the second take away: to obscure complexity, meaning to 

break up long or complex processes into multiple screens with fewer options. This can be 

applied to the NTS self-service or any other form where the user has to enter a large number 
of details such as providing a system with payment details. By presenting this process as 

multiple screens with a limited amount of choices (such as entering the e-mail address or 
selecting the preferred type of payment), it becomes more user friendly and it’s more likely 

for the user to reach the end of this process without abandoning it. 

 
Furthermore, figure 10 provides a different use case for Hick’s Law. This time, the user 

should either choose between a fixed amount or the option to enter an amount manually, 
leaving the user with a different kind of decision making process than the one in figure 9. In 

this case, the user has to choose between the option of least effort (the fixed amounts) and 

Figure 10 Case of different coloured buttons and 
various options 

Figure 9 Screen with two options 
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the option of entering the amount manually, leading to an additional step for the user. It is 

important to keep the user’s mental model in mind and consider the user’s expectations and 
previous knowledge.  

 
In the cases stated above, Hick’s Law could be of practical relevance, if the designer is aware 

of its implications, as the applicability of this law decreases as the complexity of the task 

increases. However, even if Hick’s Law suggests that in simple menu structure, fewer options 
are more efficient, they might not increase user experience. Given the example of figure 10, 

the decision of giving the user the option to enter an amount manually would definitely lead 
to a better user experience as to only providing the user with three or more fixed amounts. 

Therefore, it can be said, that a designer should be aware of Hick’s Law but should also 

consider that the application of Hick’s Law might not always lead to quality user experience, 
even though it might reduce response time. Furthermore, Hick’s Law should always be 

combined with other design principles and theories such as the gestalt gesetz. 

 

4.2.2. Gestalt Gesetz 

As discussed in chapter 3, the Gestalt gesetz is the theory of how people perceive shapes or 

forms, and give general recommendations on how to design a visual interface in order to 
create a visually pleasing interface which helps the user perceive items in the way the 

designer intended them to be.  
 

As seen in figure 10 (which has already been discussed in the previous section), on the right 

side not all of the four buttons have the same color, as the button for entering a manual 
amount is coloured in black. Usually it would be suggested to colour all of them in orange, as 

proposed by the Law of Similarity. The reason behind the top button not being orange lies 

behind the different kind of functionality and underlying process this button has. The top 
button leads to an input field where the user can enter their amount via a number pad, 

whereas the other three buttons lead to a screen where the user can choose their payment 
method. However, it might be confusing for the user as to why the top button is in a different 

colour, and it might not even be perceived as a button in the first place. To sum up, even 

though it does have a reason why the buttons are in a different colour, however, it might not 
be the best solution. The only way to come to a solution is to test this screen with target 

customers to see whether or not problems with the perception might occur. 

Figure 11 Same screen during different stages of development 
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In figure 11, two screens of different development stages can be seen, the left one being in 

an earlier development stage and the right one being the current stage. Generally speaking, 
the main content of the screen can be divided into two areas – the instruction given by the 

system and the number pad for entering a phone number. The main difference between 
these two screen is, that the right screen is applying the Law of Proximity better than the left 

screen. The reason being that the screen on the right is, on the one hand, putting a border 

around the user instruction, and on the other hand, adjusting the height of the left area 
(“Top-Up” and the bordered instruction) to the height of the number pad and input area. 

The border around the instruction is a good example of the Law of Proximity, as it creates 
the image of a common region (sometimes this type of design is therefore also called the 

Law of Common Region). A further application of the Law of Proximity, in this cased applied 

on both screens, is that the input field and its label are in close proximity of the number pad, 
therefore making sure the user understands that the number pad has a direct effect on the 

input field.  

 
Furthermore, the NTS self-service uses the Law of Figure and Ground in an exemplary way, 

as it creates an object of focus (the main content area) and the ground (header and footer). 
This enables the user to put their focus on the main content area and are clearly able to 

differentiate the bottom navigation (the footer) from the main input or interaction area. In 

addition to that, the Law of Similarity is also used throughout the whole system, as all the 
main screens consist of an instruction area on the left and an input area on the right. There 

are only a few exceptions to this common layout, however, these screens also differ in their 
functionality, for example the welcome screen, loading screens or error and confirmation 

screens.  

 
It can be assumed, that most designers are sticking to the laws of the Gestalt gesetz 

subconsciously, as they are applied in an exemplary manner on many popular websites 
already. However, it would not do any harm if the designer is actively aware of those laws as 

they provide them with a good base for first design considerations. Additionally, as seen on 

the example of the different coloured buttons, they can also be used to discuss design 
decisions, and it might be a good idea to fall back on these laws in case of doubt.  

 
To sum up the practical relevance for UX design, the Gestalt gesetz proves to be very useful, 

especially in the early design stage, as these laws are proven to play a part in contributing to 

a quality user experience and are widely accepted among the design industry. Another factor 
which speaks for the practical relevance is, that the way in which they are described are easy 

to understand and useful in the design decision process. Therefore, every designer should 
be aware of those laws and the impact they have on the perception of the user. 

 

4.2.3. Seven Stages of Action 

The Seven Stages of Action describe the stages the user has to go through in order to 
complete their goal (Norman, 2013). In the case of the NTS self-service, the goal is to 

complete one full transaction, which would either be the payment of an invoice or the 
purchase of an e-voucher or top-up. The user plans to carry out this procedure with the NTS 

self-service and after the initial welcome screen, the system provides the user with 

instructions, such as choosing a payment method. 
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After this specification, the user performs an action, and in order to interpret and compare 

the result with the wanted goal, the system provides the user with the according feedback. 
An example for appropriate feedback can be seen in figure 12, where according to the input, 

the screen changes. In the case of the user entering a correct phone number, the button to 
continue the process is changed into an active state, as seen on the left image of figure 12. Is 

the user entering a wrong number, an error message appears on the left side of the screen 

appears, giving the user directions on how to fix it. 

Even though this example describes this model quite well, it may be hard for designers to 

adapt it to their work as it is quite theoretical and abstract. However, Norman (2013) 
proposes seven design principles, which have been discussed in chapter 3, which should 

provide the designer with enough practical usage information to include this model into the 
design process. One of the most important aspect of this model is to keep in mind which 

stages the user has to go through in order to reach his goal. In the case of the NTS self-

service it means to provide the user with useful instructions and appropriate feedback, in 
order for the user to act, reflect their actions, compare them with their goal, and – if 

necessary – resolve errors. 
 

4.2.4. The Four Affordances 

One of the seven design principles mentioned in the previous section by Norman (2013) are 

affordances, which are characteristics of an interface to help the user reach their goals. 
Norman describes the affordance as one of 

the most crucial concepts for creating quality 
user experience. The model of Four 

Affordances classifies the affordances into 

four different types, which are all important 
and play a part when creating good UX.  

 
Figure 13 shows the welcome screen of the 

NTS self-service and portrays one of the four 

affordances, namely cognitive affordance. 
The icons representing the three different 

options should help the user to recognize 

Figure 12 Feedback after input of phone number 

Figure 13 Welcome screen showing different icons 
for the three options 
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the options and decide faster which option to choose. Therefore, it is important that these 

icons are representative of the underlying options, and given the icons in figure 13, the 
accurate representation currently might not always be given. For instance, the first icon, 

representing bill payment, might make it harder for the user to recognize and decide which 
option to choose. 

 

Another affordance, which should be taken into 
account is physical affordance. The self-service system 

should help the user by providing them with big 
enough buttons and, according to the heat map of 

Wroblewski (2012), with appropriate button location 

which help the user with their physical actions. 
Wroblewski explains that not all areas of a touch 

interface are ideal for placing buttons and navigations 

and looking at figure 14, it can be seen that the bottom 
navigation of the NTS self-service lies ideally at the 

bottom area of the screen, where the touch area is relatively easy for the user to reach.  
 

One affordance, which unfortunately is not applied extensively in the NTS self-service 

terminal is sensory affordance. Even though the design is clear and relatively easy to 
perceive and understand, there are no such options like resizable font size for people with 

visual impairment or the possibility for audio commentary for users with hearing impairments. 
These are crucial aspects of providing quality user experience as the target group of the NTS 

self-service technically is not limited and therefore should include the above mentioned 

features. However, the fourth affordance – functional affordance – is met as all the buttons in 
the system have a function, therefore giving every button a purpose.  

 
To sum up the practical relevance for UX design, it might be a bit confusing at first to 

distinguish the four affordances, especially because the model is abstract and it might be 

hard to deduce design decisions from them. However, a designer should be aware of the 
fact that there are far more components on how to help the user reach their goals other than 

with an appealing graphical interface. One of the reasons for that is, that – often because of 
time and money issues – designers only focus on the graphical interface, whereas there are 

so much more aspects which would help the user to experience quality UX such as physical 

or cognitive affordances.  
 

4.2.5. Designer’s Mental Model vs. User’s Mental Model 

In the case of the different mental models of the designer and the user concerning the NTS 
self-service, it can be assumed that they are fairly similar, as the concept of working through 

a number of input fields to reach a goal is well-known nowadays. Additionally, apart from the 

fact, that the user has to enter the number and amount themselves, the process is basically 
the same compared to a sales assistant behind the counter. 

 
Nonetheless, one also has to consider the system’s model, especially when it comes to terms 

or definitions which are fairly familiar for the user such as the terminology of telcos. The 

designer might be very well acquainted with them; the user however might not have heard 

Figure 14 Heat map of touch 
interfaces (Wroblewski, 2012) 
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of certain terms. Therefore, it is increasingly important to consider the wording of processes, 

and provide the user with help when applicable. The designer should also look at the way 
other telcos communicate those terms to their users. 

 
To sum up, this does not mean that the designer should rely on assumptions, that the user is 

familiar with the basic concept of, let’s say a kiosk terminal. The designer is still encouraged 

to provide the user with appropriate instructions, such as clear wording of the commands 
and enabling the user to seek further help if needed, for example through a help button. 

Furthermore, indications should be provided, such as focusing main input fields when 
entering a new screen. Neither the help buttons nor the focus on the input field are utilized 

in the NTS self-service, which may lead to a different mental model of the user. 

 
As the payment process of the NTS self-service is either done by cash or via an EFT card 

terminal, it could be assumed that the user is familiar with both of those payment methods. 

However, in the case of a user not being acquainted with one of these methods, difficulties 
may arise. Therefore, it is important to give clear instructions, for example through 

illustrations, as how and where to insert the money or card. The current payment screen can 
be seen in figure 15, which does not provide the user with much feedback or instructions, 

apart from the open amount.  

 
The concept of the different mental models 

is very important when creating user 
interfaces and should definitely be in the 

minds of designers. A designer should be 

aware of the existence of mental models 
and which actions can be taken into account 

in order to communicate the designer’s 
mental model to the user’s mental model.  

 

  

4.2.6. Direct Manipulation 

Direct manipulation has been established in the early 1980s, during a time when most 

interfaces where directed using the command line. Shneiderman (1983) therefore proposed, 
that the interaction with a mouse or joystick offers a more satisfying experience for the user. 

In the case of the NTS self-service, which solely relies on touch interactions, the principle of 

direct manipulation is not primarily applicable. However, there also exists a version of the 
self-service (although only the system with touch interfaces is used) which enables the user to 

interact with the self-service via mouse input.  
 

Nowadays, systems often use a combination between direct manipulation and other input 

techniques (such as touch interfaces or drag and drop), which therefore proves that the 
concept of direct manipulation is still as relevant as it has been in the 1980s. One use case of 

a system using a combination of direct manipulation and alternative input techniques are 
graphic editing software such as Adobe Photoshop. The user can access all functionalities via 

Figure 15 Payment screen 
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the mouse, and additionally (if the computer being used has a touch interface), the user can 

interact by using their finger or a pen to interact with the system. 
 

4.2.7. Reality-based Interaction 

Reality-based interaction is one of the post-WIMP models, which is more relevant for today’s 
interfaces. Concerning the NTS self-service terminal, the theme Body Awareness & Skills is 

the most applicable, as the only type of interaction is through touch interactions. These 

interactions rely on the user’s understanding of their own bodies, independent of the 
environment. One possibility to apply the themes of Naïve Physics and Environment 

Awareness & Skills would be to incorporate a new way of navigating through the individual 
steps of the NTS self-service, similar to the way Apple allows the user to flick through photos 

by swiping left or right – therefore providing the user with a spatial metaphor (Jacob et al., 

2008). 
 

Furthermore, to include the theme of Social Awareness & Skills, the NTS self-service could 
be equipped with a virtual chat bot, which either guides the user through the individual steps 

or fully carries out steps like entering the desired payment amount by listening and 

answering to the user’s voice. According to the theory of reality-based interaction, this would 
minimize cognitive effort, and therefore lead to a better user experience. As seen from these 

examples, one can say that the theory of reality-based interaction proves to be relevant for 
UX designers. Firstly, even though the NTS self-service already incorporates the theme of 

Body Awareness & Skills, there is always room for improvement and with the guidance of the 

four themes of reality-based interaction it is easier for the UX designers to establish new 
ways of interacting with the system. Secondly, alternative interaction methods such as virtual 

reality, augmented reality or ubiquitous computing, have become increasingly important for 

the designer to, firstly, acknowledge these developments and secondly, learn about the 
different methods used to provide the user with the most natural feeling environment.  

 
Especially combined with the central meaning of the Seven Stages of Action and the Four 

Affordances, it is important to create elements which appear natural and intuitive to the user 

to minimize the mental effort it takes them to reach their goal.  

 

4.2.8. Blended Interaction 

Blended interaction provides the designer with explanations as to how and why a user 

perceives an interface as natural and intuitive. As it is based on the main concept of reality-
based interaction, it is therefore not being that relevant for the case of the NTS self-service. 

However, there are still certain aspects of this model which can be applied. 
 

One important thought of blended interaction is the importance of the user’s mental model, 

which has been discussed in the previous sections. It is crucial as a designer to be aware of 
the target groups knowledge and previous experiences with new interfaces. This being said, 

the model of blended interaction claims that younger generation perceive digital interfaces 

as more natural and intuitive as older generation. For the NTS self-service this means, that 
the younger generation may be more familiar and comfortable with the self-service kiosk, as 

the general concept of self-service kiosks are familiar and the interaction style – touch 
interface – is natural for them. This is an important aspect for the designer to be aware of; 
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the designer should not only focus on the group of possible users which are familiar with the 

interaction interface, but also focus on users who might have difficulties to understand the 
concept of touch interfaces. 

 
Blended interaction describes the importance of the physical environment when designing 

interactive systems. In the case of the NTS self-service, one could propose to design a desk 

which allows the user to alter the height according to their needs, for example for wheelchair 
users. Another possibility would be to provide two different versions of kiosks – one with the 

regular height and one allowing wheelchair users to use the self-service kiosk accordingly. 
Further aspects of physical environment are the size of the display and sound, which have 

been discussed in previous sections. 

 
For designers it is important to know how much to apply from a model as it is not always the 

case that all aspects of a model are applicable to certain projects, as an example take the 

NTS self-service. Given the properties of the system which is being designed – being the 
interaction style – this model and the model of reality-based interaction provide a base of 

common knowledge for the designer to build on and draw conclusions off.  
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CHAPTER 5 

 
5. Conclusion 
One of the questions of this thesis are, how the models and theories discussed can be 

transferred into practice, as they sometimes seem to be too theoretical and abstract, making 

it difficult for the designer to use when developing a new interactive system. As seen in the 
last chapter, not all models are suitable for each project, for example when the style of 

interaction covered by a model is not represented in the actual project. Therefore, designers 
should be aware of various theoretical models and know whether they are applicable for 

their specific design project. However, in some cases, such as the Model Human Processor or 

GOMS, the models themselves do not prove to be usable for creating good user experience, 
as they are too abstract. 

 
Models which describe the post-WIMP interfaces are gaining more and more relevance, 

especially since interaction styles such as virtual reality and augmented reality become 

increasingly mainstream, therefore progressively important for designers. Additionally, the 
concept of reality-based interaction provides the designer with different themes on how to 

improve user experience. 

 
The main question of this thesis is to clarify whether these models help the designer to 

create quality user experience. Here it is important to define the terms usability and user 
experience first, in order to come to a solution. For this thesis usability has been defined as 

the pragmatic aspects, such as objective performance measures when interacting with a 

product. The term user experience is referring to the internal feelings of the user, including 
the consequence of usability, usefulness, and emotional impact. User experience is a highly 

subjective feeling, which is depending on a variety of aspects which cannot be controlled by 
the designer – such as knowledge, pre-existing experience or mood.  

 

However, with the knowledge of how and why the user perceives a system in a certain way, 
and the ability to describe which aspects are needed in order to help the user achieve their 

goals, the designer should be capable – if using the design implications described in this 
thesis – to help create an interface, which allows the user to reach their goal in an efficient, 

pleasurable and joyful way, while also minimizing mental effort.  

 
Therefore, the models and theories in this thesis can contribute to creating quality user 

experience, when applied correctly. Nonetheless, the most important aspect of a design 
process is still the user and user-centered design per se. The designer can have an extensive 

knowledge about models and theories describing user experience, but if they are not familiar 
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with the kind of user they are designing for, then all this knowledge is practically useless. This 

being said, most of the theories and models provide the designer with a solid basis for the 
design process, and enable the designer to make important design decisions and 

considerations based on these theories.  
 

5.1.  Future Work 

With the emergence of new interaction styles, such as virtual reality, augmented reality, 
ubiquitous computing, context-aware computing or perceptual and affective computing, it is 

interesting to see, how the earlier models (established during the 1980s) apply to those 

interfaces. Drawing on the conclusions of this thesis, it is to be believed, that these early 
models should be reconsidered as to whether or not they are still applicable. Especially since 

some of these models are over 30 years old, it would be interesting to see how these models 
would look now, given the changed circumstances. One of them being the development of 

the human when interacting with an interactive system. Nowadays, computer and mobile 

devices are seen as everyday life, as we are constantly surrounded by interactive devices and 
connected to the internet 24/7. This fact changes the human perception, pre-existing 

knowledge and experience of interactive systems. 
 

The post-WIMP models Reality-based Interaction and Blended Interaction provide a 

respectable base for current and future studies. However, further studies in this field will 
become increasingly important, as designers will not be able to apply outdated design 

implications to newly developed systems.   
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HCI = Human-Computer Interaction 

UX = User Experience 
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