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Abstract 
 
The age of information means too much information. Users want relief from information 
overload. They need the ability to navigate and explore large data sets without getting buried. 
The challenge for application developers is to provide both an overview of huge data sets and 
a useful interface for drilling down to access details of interest. 
The use of new techniques for graphical visualisation of large hierarchies of information 
provides a solution to these problems. These new techniques apply knowledge gained from 
cognitive psychology and put them into practice. All to improve usability and lucidity for the 
user. 
In this thesis a case study has been conducted in order to provide proof to the above 
statement. An application was developed using the Visual tree studio from inxight. The 
application explored the Hyperbolic tree.  
The case study was connected to the theoretical part of the thesis and the conclusion is that 
using the hyperbolic tree when visualising large hierarchies of information will improve 
lucidity and usability.  
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Introduction 
 

In this chapter a description of how the work was conducted will be presented. It will also 
give a description of the thesis and its variables, how the collection of data will be done, how 
the hypothesis will be tested and how the test data will be treated. 
 
At first the course of action will be given. This will be done with a sort of mind map to clarify 
all parts of the project. 
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Hypothesis 
 
When using the Hyperbolic tree to graphically visualise large hierarchies of information, 
lucidity and usability will improve. 
 

Questions 
 
What kind of techniques for graphical visualisation of search results and other massive 
hierarchies exist today? 
 
In what ways could techniques like the Hyperbolic Tree make it easier to find information on 
the Internet? 
 

Work methods 
 
How will the hypothesis be tested?  
First of all information obtained through articles and literature will be gathered and put 
together. 
 
The final step in the gathering of information will be to conduct a case study, which is 
supposed to show that it will make it easier for the everyday user if new techniques for 
graphical visualisation are used. A comparison will be made between finding information 
using an ordinary tool versus using for example the hyperbolic tree. After the case study is 
completed the users will answer provided questions. The users will also be asked for their 
overall opinion of the tool. Did they like it? Was it easier to use and so on.  
 

 
Boundaries and delimitations 

 
In the aim to prove my thesis I will have to make some delimitations. They are: 
 

• The chapter of Cognitive Psychology will only focus on visual perception, which is 
what we perceive with our eyes. 

• There will only be a presentation of three available techniques for graphical 
visualization. This delimitation is due to the aspect of time to investigate. It was also 
hard to find any more components that are developed. 

• The case study will only deal with the Hyperbolic tree. I choose to focus on the 
Hyperbolic tree since it was the only method with a developed product that could be 
tested. The other two is added simply to provide alternatives for further investigation. 

 
Intended audience 

 
The intended audience for this thesis is IBM to help them in their decision for their project. 
The audience should have good skills in the area of computer science and have an interest in 
new techniques and their use of cognitive science.  
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Background 
 

This chapter will give some background information to the thesis that is supposed to be 
clarified. 
 

The project 
 
This essay is a part of an ongoing research project at IBM. IBM has been given the task to 
develop a knowledge intensive information portal and search engine. The customer is KI 
(Karolinska Institutet) in Stockholm. The portal is among many other things supposed to 
gather all ongoing research projects at KI, who is in charge of the project and the content of 
the project. The portal is also supposed to put together all existing archives containing 
medical articles and printed essays. It shall also connect all medical databases and search the 
web for medical papers, news and other related sites. 
 
This kind of portal has never been developed before so there are still many uncertainties. The 
portal and especially the search engine are to be very knowledge intensive. 
The user shall be able to name what he wants to se so that no information that is not relevant 
will be displayed for the user. The search will also be made in a way never used before. The 
search engine is to be very smart and able to search the sites in many different ways. 
 
The information requested by the user is supposed to be displayed in a very graphical way far 
away from the ones often used today. 
 
One part of the project is the developing of the search engine. This is being done by a part of 
the project, which is situated in the USA. Since this is a groundbreaking project it has some 
characteristics of a research project.  
 
This essay will not provide any details about the rest of the project. It will focus only on my 
part of the project. This is among other things due to issues regarding patents. 
 

The problem area 
 
The background to the thesis is the way large hierarchies of information are being presented 
today. With the techniques most often used today it is hard to get an overview of the 
information. Search result for example is often presented in long inconsistent lists that are 
hard to follow. There are already today techniques that could be used to improve the lucidity 
and usability for these kinds of tasks, but they are seldom used. In many cases usability is not 
of highest priority, which it should be. There are even standards for usability but not many are 
using them. 
In the information age we are now living more and more systems are being developed and 
adapted for the web. This makes the importance of easy to use systems even more obvious. 
On the web you often cannot have any users guides, which makes it important that users can 
easily see how the system works and what they are supposed to do. 
 
Cognitive psychology is the area of psychology that describes the way we interact with the 
world. Cognitive thinking is getting more and more important when developing systems. 

 8 



Graphically visualising large hierarchies of information 
Blekinge Institute of Technology  2001-06-05 
Bachelor-thesis in International ADP 
Gustaf Molin 
 
People works in a certain way and the best way to make it easier for a user is to construct the 
system so that it works similar to the human senses.  
The human mind organises its knowledge in a hierarchical way with dependencies and 
connections between objects. One of the techniques I am going to investigate, the hyperbolic 
tree, works in this way.  
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Cognitive psychology 
 

Cognitive psychology involves the cognitive activities such as seeing, hearing, listening, 
remembering and thinking. This chapter will give the basic themes in cognitive psychology 
and focus on the issues important for computer science. 
 

Perception 
 
When psychologists are talking about perception they mean the information content of our 
sensory impression. The following chapter will focus on the visual perception, which deals 
with what we perceive through our sight. There is also an expression called visual illusion. 
What we see is not always in conformity with reality. One way of explaining this 
phenomenon is that we perceive things that are two-dimensionally illustrated as if they where 
three-dimensional. Another explanation to this illusion could be our depth vision. 
 
Let us imagine that we are seeing a table, a sofa, a clock and a painting. No images on our 
retinal is really as we perceive them. The circular clock will be elliptic and the square table 
will not be square. Neither will colour nor size match the reality. Sunlight on the sofa will 
lead to a change in colour on the retinal image but we will still perceive the colour as 
unchanged. According to Michael W. Eysenck [6] the retinal images are two-dimensional 
while we see them as three-dimensional. 
 
Schemata 
 
Dariush Araï [5] claims that our interpretation of the information is depending on our 
expectations. We have mental structures that represent our internalised knowledge of the 
world around us. These structures are called schemata. We have schemata for everything we 
do. These can be described as information accepting systems. If we are to interpret the 
information it has to be in a certain form. If you are expecting to see a face the schema for 
face will be activated but if you are expecting to see a horse the schema for horse will be 
activated instead. Schemata also handle the planning of the information search during your 
interpretation. Without schemata life would be unbearable. 
 
Saccades  
 
Our visual experience consists of a continuous picture that can bee explored in any way you 
want. Your eyes scan the field in a series of rapid movements called saccades. The 
interruptions are called fixations. The movement lasts approximately 50 milliseconds but to 
trigger a new takes approximately 200 milliseconds. It is during this pause information is 
being encoded. Focus can be changed between several simultaneous tasks but not to many at a 
time. (Dariush Araï). 
 

Pattern recognition 
 
Our immediate perception of the visual field consists of a number of outlines and colours. It is 
important for these to be organized in groups. We perceive a group of sensory impressions as 
a unit. For example will the book on the desk belong to another group than the desk itself. We 
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therefore have a way of knowing which impressions that belongs together. This kind of group 
structuring works as a routine. There are many principles for this kind of structuring. They are 
all based on the law of the good shape. When choosing among several different geometrical 
interpretations you will choose the one with “the best shape”. 
 
Michael W. Eysenck [6] means that pattern recognition of an object is a very important 
process that is not a pure perceptual process. A couple of theories to prove this are: 
 
Comparison with mental copies 
 
A comparison is made with the saved template for that shape. If these are conformant enough 
there will be an approval. This theory is based on prototype templates. These must not be 
totally conforming yet more general. 
 
Analysis of characteristics 
 
You identify the patterns based on their characteristic features, attributes or properties such as 
a colour or a size. We therefore recognize an object because it has characteristic features that 
match our memories. Maybe you will perceive something round and red as an apple. 
 

Focused visual attention 
 
Focused visual attention has been said to be analogue with spotlight. Everything within a 
relatively small area can be seen clearly, but it is harder to see something that is outside the 
lighted area. This model is called the zoom lens model (ZLM). Researchers have though been 
able to show that inattentive objects can be found to be in the attentive area. You therefore 
can assume that the visual attention works in a more flexible way than the way proposed by 
ZLM. You can also draw the conclusion that there will be some processing of the unfocused 
objects as well. 
The dominating theory on visual seeking is Duncan and Humphrey’s (1989, 1992). It has 
been called “Attentional engagement theory”. They presumed that the time it takes to discover 
a target stimulus on a visual display is dependent on two basic factors: 
 

1. The more alike the target stimuli and other present stimuli are the longer the search 
time will be. 

2. The more unlike the distracters are the longer the search time will be. 
 

Perception based knowledge representation 
 
One interesting aspect within mental representation is the question whether knowledge is 
represented in analogous form (pictures) or in a symbolic form (such as words). Analogous 
representation is not an exact copy of the object. 
For most of the geometrical shapes and concrete objects it seems as if representation in 
pictures is the most suited form. On the other hand, if you want to describe the concept of 
freedom you would prefer to do this in words. 
The speed with what a person can decide whether the object is coherent with the stored 
memory image depends on how the information is stored. Since there is less characteristic 
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features to consider when the information is in analogue form this comparison will be a lot 
faster. 
 
Within knowledge representation there is also another big concept, mental rotation. Mental 
rotation deals with the ability to mentally rotate the mental picture of an object. To be able to 
see if an object is similar to another it is sometimes necessary to rotate the picture to put the 
objects in the same orientation. It also seems as if the response time is linear to the rotation 
angle. It has also been shown that the rotation can only be done in a certain speed to avoid 
losing the structure of the object. 
 
Within the concept of visual perception there are boundaries for the resolution, which is our 
ability to distinguish individual elements, such as parts of an object. It is easier to se the 
details of a large object than to distinguish the details in a smaller object. (Dariush Araï [5]). 
The response time to questions regarding a big object is shorter. If a person was to be asked to 
describe details of an elephant versus details of a rabbit it will be easier for him to describe 
these details in the elephant. 
 
The leading contemporary version of RTM (Representational Theory of Mind), the 
Computational Theory of Mind (CTM), makes the further claims that the brain is a kind of 
computer and that mental processes are computations on mental representations. According to 
CTM, cognitive states are constituted by computational relations to mental representations of 
various kinds, and cognitive processes are rule-governed sequences of such states. 
 
 
Michael W. Eysenck [6] states that there is, however, disagreement among proponents of 
CTM as to what kinds of representations the brain uses, what kinds of neural structures realise 
them, and what kinds of brain-processes realise computations -- in short, on what kind of 
computer the brain is. The central debate here is between proponents of Classical 
Architectures and proponents of Connectionist Architectures. 
The Classicists (e.g., Turing 1950) hold that mental representations are symbolic structures, 
which typically have semantically evaluable constituents, and mental processes are rule-
governed manipulations of them. The Connectionists (e.g., McCulloch and Pitts 1943) hold 
that mental representations are realised by patterns of activation in a network of simple 
processors ("nodes") and mental processes consist of the spreading activation of such patterns. 
The nodes themselves are, typically, not taken to be semantically evaluable; nor do the 
patterns have semantically evaluable constituents. 
 
The Classicists are motivated (in part) by properties thought seems to share with language. 
Fodor’s Language of Thought Hypothesis (LOTH) (Fodor 1975, 1987), according to which 
the system of mental symbols constituting the neural basis of thought is taken to be structured 
like a symbolic language, provides a well-worked-out version of the Classical approach as 
applied to common sense psychology. According to the LOTH, the potential infinity of 
complex representational mental states is generated from a finite stock of primitive 
representational states, combined in accordance with recursive rules. This combinatorial 
structure accounts for the properties of productivity and systematicity of the system of mental 
representation. A representational system is productive if there are indefinitely many distinct 
representations that may be constructed in it; it is systematic if the constructability of some 
representations is intrinsically connected to the constructability of others. (Michael W. 
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Eysenck [6])  The semantics of both language and thought is compositional: the content of a 
complex representation is determined by the contents of its constituents and their structural 
configuration. 
 
The Connectionists are motivated mainly by a consideration of the architecture of the brain, 
which apparently consists of layered networks of interconnected neurons. They argue that this 
sort of architecture is unsuited to carrying out classical serial computations. For one thing, 
processing in the brain is typically massively parallel. In addition, the elements whose 
manipulation drives computation in connectionist networks (principally, the connections 
between nodes) are neither semantically compositional nor semantically evaluable, as they are 
on the classical approach. This contrast with classical computationalism is often characterised 
by saying that representation is, with respect to computation, distributed as opposed to local: 
representation is local if it is computationally basic; and distributed if it is not. (Michael W. 
Eysenck [6]). 
 
 
 

Semantic knowledge representation 
 

Semantic representations encode what’s important and leave out the less important perceptual 
details. For a detail to be remembered it has to give the experience of being important. This is 
why the unimportant disappears quite fast. Semantic knowledge is our general knowledge. 
There are two fundamentals in semantic knowledge, concept and schemata. Concepts are 
thought units of semantic knowledge – a conception of something. The concepts themselves 
can later be organized in schemata, which are the mental frames for knowledge 
representation. A schema is a cognitive structure that contains a number of related concepts 
that are organised in a meaningful way. 
 
Concepts 
 
People sometimes claim that representation of categories is being made in prototypical 
instances. A prototype is a kind of average of all the members of that category. The prototype 
consists of a number of characteristic attributes. An object is part of a category if its attributes 
match the ones of the prototype. 
 
Schemata 
 
Psychologists have been using the concept schema to describe the cognitive structure within 
which the associated concepts (information and notions) are organised. The experiences made 
by a human, are not stored as single, isolated elements, but are organised in patterns, which 
are abstracted from the single experiences. Thus are schemata structures containing our 
general knowledge. For example we have a schema for “giving a present” that contains a 
receiver, a giver and a present. These are called variables. These schemata can be used in 
different situations. In every one of these situations the variables take different values. The 
process of giving the variables values is called instantiation. These patterns or cognitive 
structures are being used by humans to understand, interpret and construct the world around 
us. 
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Another important aspect of schemata is their ability to be included in each other. We have 
one schema for university. We also have a schema for faculty. Further on we also have a 
schema for an institution, which is a component of faculty, which in turn is a component of 
university. This means that our knowledge of the world around us is hierarchically structured.  
 
There are also several levels of abstraction for schemata. We know exactly what an X looks 
like but the relationship between fruit and banana is a bit more common. 
 
To be able to use a schema a stimulus first has to be categorised so that it fits into a specific 
schema. Categorising helps us to rank classes of objects or events and find their internal 
relations. 
Categorising is done on the basis of earlier stored information in the long-term memory. Since 
schemata means a shortcut to the interpretation of the stimuli we are measuring they can also 
lead to a misinterpretation and bias of the reality. We interpret and select the information so 
that it is conformed to what we expect. What we are learning is not the story itself but the 
meaning we give the story based on our knowledge and our notion of the reality.   
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Usability 
 

Introduction 
 
This chapter will provide a short description of the field of Cognitive Systems Engineering 
and some main topics from the area of Human Computer Interaction (HCI). 
 
Many are we that have used computer programs that were difficult if not impossible to 
fathom. Some of you might even have been active in the design of user-computer interfaces 
and interaction routines designed to make these systems much easier to use. Many designers 
of interfaces and interaction routines have relied upon the impressive findings of the human 
factors and ergonomics research community; others have begun to enhance these results with 
emerging results from cognitive science. 
 
Philip J. Smith from Ohio State University [11] thinks that Cognitive Engineering combines 
interdisciplinary perspectives to advance our understanding of how highly technological 
worlds make new claims on human ingenuity and to lead to practical advances that augment 
human decision making from the board room to the operating room. Integrating computer 
graphics, multimedia, artificial intelligence and other technology provides the power for new 
systems; the psychology of human perception and performance provides an understanding of 
the human cognitive system, and Cognitive Engineering provides the integrative perspective 
linking technology and cognitive science with people embedded in fields of practice. 
Technological powers create possibilities, and Cognitive Engineering can change these 
putative benefits into real effectiveness by grounding technology in the complexities of real 
worlds of practice. 
 

 
Cognitive Systems Engineering  

 
Cognitive Systems Engineering (CSE) was formulated in the beginning of the 1980s 
(Hollnagel & Woods, 1983) to provide a consistent conceptual and methodological basis for 
research on human-machine systems, with design and evaluation as the two major activities. 
Hollnagel and Woods means that in CSE the focus is not on human cognition as an internal 
function or as a mental process, but rather on human activity or "cognition at work", i.e., on 
how cognition is necessary to accomplish effectively the tasks by which specific objectives 
related to either work or non-work activities can be achieved. Cognition is necessary to cope 
with the dilemmas, double binds, and trade-offs that arise from multiple and possibly 
inconsistent goals, organisational pressures, and clumsy technology. Rather than being 
isolated in the mind of a thoughtful individual, cognition at work typically involves several 
people distributed in space or time, which makes co-operation and co-ordination at least as 
important as human information processing. The interacting people are embedded in larger 
groups, professions, organisations, and institutions, which together define the conditions for 
work – the constraints and demands as well as the resources.  
 
Humans at work do not passively accept the technological artefacts nor the general conditions 
of their work, but actively and continuously adapt their tools and activities to respond to 
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irregularities, disturbances, and to meet new demands. Cognition is part of an interconnected 
stream of activity that ebbs and flows, where extended periods of lower activity are 
interspersed with busy, high tempo operations where correct and timely responses may be 
critical.  
Hollnagel and Woods [9] propose that composite operational systems can be looked at as 
single cognitive systems. Structurally they may comprise the individual people, the 
organisation (both formal and informal), the high-level technology artefacts (AI, automation, 
intelligent tutoring systems, computer-based visualisation) and the low level technology 
artefacts (displays, alarms, procedures, paper notes, training programs) that are intended to 
support human practitioners. But functionally they can be seen as a single system. This is 
reflected by the main issues of CSE:  

• Coping with complexity. The complexity is due to the multiple sources of 
information and control and to the possibly conflicting goals that characterise the 
working situation. People usually try to cope with complexity by reducing it, for 
instance by structuring the information at a higher level of abstraction with less 
resolution and making the required decisions at that level. The development of 
information technology has made it possible to provide computerised tools which to 
some extent accommodate the operators' needs, and thereby help their coping. This 
kind of support clearly involves a replication of parts of human cognition, hence the 
use of an artificial cognitive system.  

• The use of tools. Tools are artefacts that are used with a specific purpose to achieve a 
specific goal. Tools have traditionally been used to amplify human capabilities - in 
terms of physical performance (reach, force, speed, and precision), and in terms of 
perception and discrimination. More recently, tools have been introduced which are 
aimed at amplifying cognition. Although some cognitive tools have existed for ages, 
the use of computers has made it possible to design tools for more sophisticated 
functions, for instance decision making and planning.  

• Joint cognitive systems. CSE recognises that technological systems gradually have 
become "cognitive", in the sense that they are goal-driven and make use of cause-
based (feed forward) regulation. Technological systems can thus be seen as artificial 
cognitive systems that interact with natural cognitive systems (i.e., humans). It is 
therefore appropriate to develop a view of joint cognitive systems, i.e., of co-operating 
systems which are described using a common set of terms – neither as machines nor as 
humans, but as cognitive systems.  

Any discussion of CSE must obviously refer to a definition of what a cognitive system is. 
According to Hollnagel and Woods [9] a cognitive system can be defined as a system that is 
able to control its behaviour using information about itself and the situation, where the 
information can be prior information (knowledge, competence), situation specific information 
(feedback, indicators, measurements) and constructs (hypotheses, assumptions). The control 
can be complete or partial and will mainly depend on the ratio between expected and 
unexpected information. More formally, a cognitive system can be defined as a system that 
can modify its pattern of behaviour on the basis of past experience in order to achieve specific 
anti-entropic ends. 
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There is always a need to remain disciplined and systematic. Dr. Steve Andriole [10] wanted 
to communicate a particular design/prototyping/evaluation "discipline," that is, a set of steps 
that when taken together describe a methodology likely to result in a better interface. 
 
But what is "better"? Dr. Steve Andriole [10] has tried to measure performance qualitatively 
and quantitatively. An interface that makes users feel good or makes them believe that they 
are more productive than they were is only "better" if in fact actual performance improves. He 
has, perhaps like you, observed the phenomenon where users "like" interfaces that degrade 
their performance and vice versa. Evidence reduces the likelihood of this effect. 
 
Hollnagel [9] states that ordinary HMI - systems uses a distinction between human + machine 
+ interaction. 
 

• Each system is described in its own right 
• Information is an explicit + external process 
• Focus is on process of input 

 
Joint cognitive system as the Cognitive Systems Engineering looks at the performance as a 
whole. This is because cognition depends on context and human actions are reactive and 
intentional and this in turn is why design must support work in an open loop. 
 

• Predict 
• Describe 
• Prescribe 

 
So what’s the difference between Functionality and usability? According to Hollnagel [9] 
functionality equals system functionality. 
Usability however is functions that can be used efficiently or are known to the user. 
  
 
Consequences of CSE 
 
The notion of a joint cognitive system cannot easily be accommodated within the decomposed 
human-machine paradigm, and CSE can be seen as an independent alternative. Current 
methods mainly support a decomposition of a system into its parts (and in some cases also the 
reverse process of aggregation), but in a manner that implies partial independence between 
the parts. Some attempts have been made to develop methods that focus on the interaction and 
dependencies between sub-systems rather than on the components-elements. An example of 
that is multi-level flow modelling (MFM), which supports the goals-means analysis principle 
(Lind & Larsen, 1995). The overall framework for analysis must, however, be extended to 
recognise the dependency between data and interpretation, to account for the specific role of 
cognition, and to highlight the consequences for design - supported by specific guidelines and 
design rules whenever possible. 
In accordance with the intentions of CSE, the data must be found in situations that are 
representative of the real world (Hutchins, 1995). Any kind of systematic study carries with it 
some assumptions about what is being observed. These assumptions are relatively easy to 
understand when cognitive systems are studied under controlled condition, which partly 
explains the preponderance of such studies. Yet it is a fundamental tenet of CSE that human 
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action always is constrained by the context and studying cognition in the "wild" therefore 
does not release us from the obligation of understanding the assumptions that are made, even 
though they may be less easy to detect.  
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Human Computer Interaction 
  
Since Human Computer Interaction is the area containing Cognitive Systems Engineering 
there are some things that should be mentioned about that too. There are two main topics 
within HCI that is the base for the whole thing. These things are also in agreement with the 
thesis of this work. These are adaptability and direct manipulation. 
 
Adaptability 
 
Alan Dix, Janet Finlay, Gregory Abowd and Russell Beale [8] claims that humans are able to 
think about more than one thing at a time, and in accomplishing some piece of work, they 
frequently interrupt their current train of thought to pursue some other piece of related work. 
A personal computer system which forces the user to progress in order through all of the tasks 
needed to achieve some objective, from beginning to end without any diversions, does not 
correspond to that standard working pattern. 
If the computer is to be an effective dialog partner it must be as flexible in its ability to 
“change the topic” as the human is. 
 
Direct manipulation 
 
Alan Dix, Janet Finlay, Gregory Abowd and Russell Beale [8] highlights the following 
features of a direct manipulation interface: 
 

• Visibility of the objects of interest 
• Incremental action at the interface with rapid feedback on all actions 
• Reversibility of all actions, so that users are encouraged to explore without severe 

penalties. 
• Syntactic corrections of all actions, so that every user action is a legal operation 
• Replacement of complex command languages with actions to manipulate directly the 

visible objects. 
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Technical aspects 
 

Introduction 
 
The age of information means too much information. Users want relief from information 
overload. They need the ability to navigate and explore large data sets without getting buried. 
The challenge for application developers is to provide both an overview of huge data sets and 
a useful interface for drilling down to access details of interest. 
 
The incredible size and complexity of the web and other document collections, coupled with 
its inherent lack of structure introduces great challenges for information discovery. 
 
The familiar Microsoft Explorer method allows you to view the files on your computer or 
view files in an application. However, quickly you find yourself scrolling up and down, 
opening and closing folders just to find the files you need. There are no cues or hints to help 
you find anything. The more folders and files, the worse the problem. 
In order to use this method, we have had to learn skills to adapt to the computer rather than 
interacting with the computer naturally. 
 
In this chapter a couple of available techniques for graphical visualisation will be discussed. 
This chapter will also provide an answer to the question for the hypothesis: 
 
What kind of techniques for graphical visualisation of search results and other massive 
hierarchies exists today? 
 
The techniques described later on are The Hyperbolic Tree, GeoSpace and Butterfly. They are 
all techniques based on new thinking regarding the use of cognitive science to improve 
usability and give the user a clearer picture of the information hierarchies. 
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The Hyperbolic Tree 
 
The Hyperbolic Tree is a focus+context (fisheye) technique developed to visualise and 
manipulate large hierarchies of information. It’s developed at Xerox Palo Alto Research 
Center (PARC) in PaloAlto CA. 
 
In the last few years, Information Visualisation research has explored the application of 
interactive graphics and animation technology to visualising and making sense of larger 
information sets than would otherwise be practical. 
 
According to John Lamping, Ramana Rao and Peter Pirolli [12] the Hyperbolic technique 
assigns more display space to a portion of the hierarchy while still embedding it in the context 
of the entire hierarchy. The Hyperbolic Tree gives more space to a few nodes in the centre 
(focus) while also providing space to many more nodes (context).  
The hyperbolic browser initially displays a tree with its root at the centre of the screen. The 
amount of space available to a node falls of as a continuous function of its distance to the 
point in the centre. Therefore the screen will always include several generations of parents, 
siblings and children, which make it easier for the user to explore the hierarchy without 
getting lost. 
The hyperbolic browser supports effective interaction with much larger hierarchies than 
conventional hierarchy viewers. In a 600 pixel by 600 pixel window, a standard 2-
dimensional browser can display 100 nodes. The hyperbolic browser can display 1000 nodes 
of which the 50 nearest the focus can show dozens of characters of text. Apparently the 
hyperbolic browser can show 10 times as many nodes while providing a more effective way 
of navigation through the hierarchy. 
 
The approach of Lamping, Rao and Pirolli [12] uses hyperbolic geometry (Coxeter, 1965) 
(Moise, 1974). This approach lays out the hierarchy on the hyperbolic plane and maps this 
plane onto a circular display region. The hyperbolic plane is a non-Euclidean geometry in 
which parallel lines diverge away from each other. This is what makes the circumference of a 
circle on the hyperbolic plane grow exponentially with its radius. Increasing distance will 
mean that exponentially more space is available. Therefore hierarchies that tend to expand 
exponentially with depth can be laid out in hyperbolic space in a uniform way so that the 
distance between parents, children and siblings is the same anywhere in the hierarchy. 
 
Many hierarchies are too large to display in their entirety on a computer screen. Conventional 
displays lays out the entire hierarchy and then uses scrolling in both directions to navigate 
through the hierarchy. This makes it hard for users to follow the relationships between the 
visible nodes and the rest. Instead you would like a product that while focusing on a particular 
part of the hierarchy you could see the rest of it at the same time. And while you are moving 
around the hierarchy focus is changed. 
 
Lamping, Rao and Pirelli [12] claims the hyperbolic browser to have the benefit that focusing 
on a node shows more of the node’s context in all directions (i.e. ancestors, siblings and 
descendants). It also has relatively modest computational needs and can therefore be useful on 
a variety of platforms. 
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Technical 

 
Laying a tree out in the hyperbolic plane is an easy problem since the circumference and area 
of a circle grow exponentially with its radius. This leaves lots of room. Lamping, Rao and 
Pirolli [12] use a recursive algorithm that lays out each node based on local information. A 
node allocates a wedge of the hyperbolic plane, angling out from itself, to put its descendants 
in. It places all its children along an arc in that wedge, at an equal distance from itself, and far 
enough out so that the children are some minimum distance apart from each other. Each of the 
children then gets a sub-wedge for its descendants. Because of the way parallel lines diverge 
in hyperbolic geometry, each child will typically get a wedge that spans out as big an angle as 
does its parent’s wedge, yet none of the children’s wedges will overlap. 
 
Once the tree has been laid out on the hyperbolic plane, it must be mapped in some way to a 
2-dimensional plane for display. One vicinity in the hyperbolic plane is in focus at the centre 
of the disk while the rest of the hyperbolic plane fades of in toward the edge of the disk. 
Lamping, Rao and Pirolli [12] use the conformal mapping (Poincar\e model) which preserves 
angles but distorts lines in the hyperbolic space into arcs on the unit disk. 
 
The user can change focus either by clicking on any visible point to bring it into focus at the 
centre, or by dragging any visible point interactively to any other position. Regions that 
approach the centre become magnified, while regions that were in the centre shrink as they 
are moved toward the edge. 
 
Orientation presents an interesting issue for the hyperbolic browser since things tend to get 
rotated. There is one line that doesn’t rotate but the further away from that line the nodes are 
the more rotated they will be. If drags near the edge of the disk are interpreted as translations 
between the source and the destination of the drag, the display will do a counter-intuitive 
pirouette about the point being dragged. 
There is a very important property of hyperbolic geometry that is behind this. This also causes 
another problem. In the usual Euclidean plane, if some graphical object is dragged around, but 
not rotated, then it always keeps its original orientation, which is not rotated. But in the 
hyperbolic plane a series of translations forming a closed loop, each preserving the orientation 
along the line of translation will cause a rotation. This leads to the counter-intuitive behaviour 
that a user who browses around the hierarchy can experience a different orientation each time 
they revisit a node, even though all they did was translations. 
 
Lamping, Rao and Pirolli [12] address these problems by interpreting the user’s manipulations 
as a combination of both the most direct translation between the points the user specifies and 
an additional rotation around the point moved, so that the manipulations and their cumulative 
effects are more intuitive. From the user’s perspective, drags and clicks move the point that 
the user is manipulating where they expect. The user need not even be particularly aware that 
rotation is being added. 
The smooth continuous nature of the hyperbolic plane allows for performing smooth 
transitions of focus by rendering appropriate intermediate views. 
 
Responsive display performance is crucial for animation and interactive dragging. This can be 
a problem for large hierarchies on standard hardware. Lamping, Rao and Pirolli [12] have 
dealt with this problem in the sense that they have made compromises to the display quality 
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during motion. One compromise is to draw less of the fringe. Even the full quality display 
routine stops drawing the fringe once it gets below one pixel resolution. For animation, the 
pruning can be strengthened, so that descendants of nodes within some small border inside the 
edge of the disk are not drawn. This really increases display performance, since the vast 
majority of nodes are very close to the edge. But it doesn’t significantly degrade perceptual 
quality for a moving display, since those nodes occupy only a small fraction of the display, 
and not a part that the user is typically focusing on. The users attention during motion tends to 
be focused near the centre of the display. 
 
Testing 
 
Lamping, Rao and Pirolli [12] conducted a test in which they put the hyperbolic browser in 
contrast with a conventional 2-dimensional scrolling browser with a horizontal tree layout. 
They found that the four subjects all preferred the hyperbolic browser although no measurable 
difference could be found in the time it took them to perform their tasks. There were no 
significant differences in time or number of user actions in performing the tasks across the 
browsers. 
The post-experimental survey showed that the subjects preferred the hyperbolic browser for 
“getting a sense of the overall tree structure” and “finding specific nodes by their titles”, as 
well as “overall”. 
 
Conclusion 
 
John Lamping, Ramana Rao and Peter Pirolli [12] draw the conclusion that hyperbolic 
geometry provides an elegant solution to the problem of providing a focus+context display for 
large hierarchies. The hyperbolic browser can handle arbitrarily large hierarchies, with a 
context that includes as many nodes as are included by 3-dimensional approaches and with 
modest computational requirements. Their evaluation study suggested this technique could be 
valuable, and has identified issues for further work. They believe that the hyperbolic browser 
offers a promising new addition to the suite of available focus+context techniques.  
 
I have found two products that are based on this research. They are The Hyperbolic tree SDK 
and Tree Studio both developed by Inxigth. 
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GeoSpace 
 

The exploration of complex data spaces in an age where both technology and information are 
growing at exponential rates is a challenging task. Recent developments in interactive media 
with high quality graphics have provided interface designers a means of creating more 
comprehensive environments for visualising complex information. 
 
Ishantha Lokuge and Suguru Ishizaki [14] has adopted information-seeking dialogue as a 
fundamental model of interaction and implemented a prototype system in the mapping 
domain called GeoSpace, which progressively provides information upon a user’s input 
queries. Domain knowledge is represented in a form of information presentation modules, and 
an interaction spreading network technique is used to determine the relevance of information. 
The system also has a simple learning mechanism, which enables the system to adapt the 
display to a particular user’s preferences. 
The system guides the user in a fluid manner while still preserving overall context. 
 
In order to create a more responsive visual information display, Ishantha Lokuge and Suguru 
Ishizaki [14] has focused on the development of an interactive visualisation system that 
embodies the following characteristics: 
 

• A reactive display: When the user specifies a query, the display reacts in real time to 
reflect the input request. 

• Conversational interaction: It uses an information-seeking dialogue. 
• Context preservation: The system keeps a notion of its current state and presents the 

information within this context. This prevents the user from getting lost in the 
complex information space. 

• Visual clarity: Dynamic use of various visual design techniques is integrated to 
enhance the clarity of the display by reducing the user’s cognitive load. 

• An adaptive knowledge base: The knowledge base can be customized to suite the 
user’s preferences. 

 
An information-seeking dialogue means that an information seeker (IS) incrementally asks 
questions and an information provider (IP) gradually answers the questions. In GeoSpace 
geographic information is chosen as an example domain, which involves highly complex 
information, and it is used to illustrate the proposed technique. Ishantha Lokuge’s and Suguru 
Ishizaki’s [14] goal is to apply this approach to various domains with complex information. 
 
User interaction model 
 
Ishantha Lokuge and Suguru Ishizaki [14] claims Information-seeking dialogue to be a 
fundamental model of interaction, since the information space is hard to comprehend by a 
single query. They mean that most users find it difficult to formulate their information seeking 
goals in one request. Hence, an information display that gradually augments this process 
would greatly enhance the user’s comprehension. 
Ishantha Lokuge and Suguru Ishizaki [14] have formalised their interaction model in the 
following way: the first query by the information seeker (IS) makes the information provider 
(IP) guess what is important to show. After the IP provides information based on the first 
query, the IS may ask the second query based on what is provided. The IP then determines 
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what is important to show next considering both the first and the second queries. The 
information-seeking dialogue may continue until the user is satisfied. 
 
Ishantha Lokuge and Suguru Ishizaki [14] consider the IP to be an expert in both domain 
information and visual presentation and the IP’s knowledge is in a form of reactive patterns. 
Instead of deliberately reasoning about what to present every time the user asks a question, 
the IP simply reacts to it by using its presentation techniques.   
 
Based on this model they have developed: (1) a knowledge representation scheme for 
representing domain knowledge together with visual design knowledge, (2) a computational 
mechanism whereby the system reacts to a series of user requests, and (3) a learning 
mechanism that enables the system to be altered according to user profiles. 
 
Approach 
 
The approach of Ishantha Lokuge and Suguru Ishizaki [14] incorporates domain knowledge 
and presentation knowledge together in the form of presentation plans, and uses an activation 
spreading network technique to determine relevant presentation plans to be executed. The 
reactive nature of the activation-spreading network, combined with visual design techniques, 
such as typography, transparency and colour, enables the system to support the information 
seeker to explore the complex information space.  
 
Domain knowledge 
 
Information-seeking goals and presentation plans are the basic components of GeoSpace. A 
plan consists of a list of sub-plans, a list of conflicting plans, and a list of effects. The effect-
list contains a set of goals that are achieved by executing the presentation plan. The conflict 
list contains a set of goals that are either semantically irrelevant or visually conflicting with 
the plan. Knowledge about semantic conflicts helps the system to identify a shift of interest. 
Knowledge about visual conflicts helps the system to identify visually confusing situations. 
 
Activation spreading network 
 
The system uses an activation-spreading network to determine priorities of plans based on the 
user's request. A plan module's activation level is changed by the user's immediate goals, and 
when their activation level exceed the threshold, positive and negative activation energy is 
sent to other plan modules connected by hierarchical links and conflicting links respectively. 
The current system iteratively injects a small amount of constant energy to fluidly change the 
overall activation state. In every iteration, activation levels of all the plan modules are 
normalized to the most active plan. This also results in the gradual decay of plans whose links 
are not explicitly specified.  
 
When a plan module’s activation reaches a certain threshold, it spreads energy to the plans in 
the sub-plan list. A plan also spreads activation energy upwards to the higher level plans. This 
upward activation results in activating indirectly related information. 
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Visual design 
 
The system is intended to incorporate various visual techniques, such as translucency and 
focus, which helps clarify visual information without losing overall context. In the current 
implementation, translucency is particularly important in visually organizing the dense 
information space without losing a larger context. The most important information is 
displayed with a higher level of opacity, and related information is displayed with medium 
translucency. 
Since the display can show secondary information using translucency, the user has a chance 
of realising a new question to ask next.  
 
The mapping from the activation levels to graphical styles is achieved by simple procedures 
that are implemented according to design principles. In other words, visual design knowledge 
is embedded in those procedures and presentation plans. Therefore, the quality of visual 
presentation, such as legibility, readability, and clarity are significantly enhanced. 
 
Learning mechanism 
 
Ishantha Lokuge and Suguru Ishizaki [14] claim that GeoSpace incorporates a simple learning 
mechanism in order for users to customize the domain knowledge. This is important since the 
initial domain knowledge is constructed by a particular designer and in some cases the system 
might behave in ways that do not reflect user preferences. The learning mechanism allows the 
user to personalize the response of the information display. 
In the current system the user must explicitly tell the system what to learn. However, an ideal 
system should be able to detect a user’s interaction patterns and automatically learn the 
associations. The current implementation does not have a mechanism to detect users 
interaction patterns. 
 
Conclusion 
 
Ishantha Lokuge and Suguru Ishizaki [14] have shown that the knowledge representation 
scheme using presentation plans and information seeking goals, combined with the activation-
spreading network, provides the information display with a reactive capability. The 
mechanism can implicitly chain presentation plans by hierarchically spreading activation 
energy, and can respond to immediate shift of interest by spreading negative energy to 
conflicting plans. The system can also direct a user’s attention in a fluid manner without 
losing overall context, by gradually changing the states of activation. 
They have also presented a learning mechanism as an integral part of the system, which 
allows the users to customise the information display. These features make a user’s 
exploration of complex information spaces a more dynamic experience. 
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Butterfly – An organic user interface 
 

Network often involves slow access that conflicts with the use of highly interactive 
information visualisation. Butterfly addresses this problem, integrating search, browsing, and 
access management via four techniques: 1) visualisation supports the assimilation of retrieved 
information and integrates search and browsing activity, 2) automatically-created “link-
generating” queries assemble bibliographic records that contain reference information into 
citation graphs, 3) asynchronous query processes explore the resulting graphs for the user, and 
4) process controllers allow the user to manage these processes. Jock D. Mackinlay, Ramana 
Rao and Stuart K. Card  [15] has used their experiences gained from this project to propose a 
information access approach, called Organic User Interfaces for Information Access. 
 
Recently, 3D interactive animation and ``focus-plus-context'' techniques have been developed 
for information visualisation of large information structures. However, the techniques have 
typically been applied to single information sets loaded into local memory. Extending them to 
work on information repositories across the Internet requires that we address the problem of 
coupling a high-bandwidth, local, interactive user interface with a slow-response, distant 
information repository (the ``Fast UI/Slow Repository'' problem). 
 
The key technique used by Butterfly is to embed access activity organically within an 
information visualisation that supports the integrated management of search and browsing. 
Butterfly creates a virtual environment that grows under user control as asynchronous query 
processes link bibliographic records to form citation graphs. 
 
The butterfly application 
 
Butterfly is an Information Visualizer (IV) application for accessing three DIALOG 
databases, the Science Citation Index, the Social-Science Citation Index, and the IEEE Inspec 
database. These databases describe a large number of scholarly articles. 
Butterfly is based on four key ideas:  

1. Visualisations of references and citers: Mackinlay, Rao and Card [15] wanted to 
present articles as user interface objects with two wings. Therefore the name Butterfly. 
Their goal was to use 3D interactive animation to support rapid browsing. The wings 
are also supposed to make it easier for the user to find interesting areas. 

2. Link generating queries: The Science Citations Index database are collections of 
bibliographic records that describe references with strings like: author, year, and 
volume. This reference information is used to create “link-generating” queries. 

3. Asynchronous query processes: Butterfly uses asynchronous query processes to 
access the databases. Mackinlay, Rao and Card [15] have identified a number of 
advantages for using asynchronous processing for information access, including that 
the user does not have to wait for queries to complete. Butterfly uses a conservative 
policy: query processes are only created automatically for the butterfly that is in the 
user's current focus of attention. The resulting behaviour is very intuitive and 
lightweight. When the user pauses to view an interesting butterfly, asynchronous 
query processes are automatically created to gather additional information about that 
item. When the user moves on, these processes are automatically terminated. 

4. Embedded process control: When the task requires it, the user can explicitly create 
and terminate query processes to direct them toward desirable information. 
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Butterfly user interface components 
 
The design of the Butterfly visualization combines query and browsing elements. Mackinlay, 
Rao and Card [15] have found that users typically start with queries to find articles in topic 
areas of interest and then browse reference and citation links to find related articles. The 
ordering of the following Butterfly user interface components indicates a rough flow of user 
activity. 

1. Sources. Three buttons at the top generate forms for entering queries to the database 
sources. The colours of these database buttons are used throughout the interface to 
indicate the source of information. The final button is used to read files in refer format, 
a common bibliographic interchange standard. 

2. Result Pyramids. A pyramid of objects with the top of the pyramid facing towards 
the user is used to visualize the result of database queries. A key issue for query 
visualization is that query results can have unpredictable size, which can make access 
management difficult because of the cost of retrieving large results. In butterfly results 
are disclosed progressively and each query is visualized as a horizontal layer in the 
pyramid colored to indicate the source database. 

3. A butterfly. The centre of the screen is a butterfly. The head of the butterfly lists the 
title, author, year and journal of the article. The rest of a butterfly consists of a neck, 
body, and two wings. The wings of the butterfly list the article's references on the left 
and the article's citers found in the Science Citation database on the right. The neck 
contains a variety of buttons for changing the views on the wings and two buttons for 
controlling the creation and termination of asynchronous query processes to retrieve 
information about the references and citers. The goal is to graphically encode 
information about the unexplored parts of the citation graph so that the user can 
manage access effectively. 

4. Linked Butterflies. To the left and right of the current butterfly are butterflies with 
folded wings that have been explored by the user by following link-generating queries 
from the current butterfly. 

5. Scatterplot. In the upper right corner of the screen is a 3D scatterplot of the retrieved 
information. The scatterplot provides a complete view of the citation graph that has 
been explored by the user. 

6. Piles. The objects below the butterflies are piles of articles that the user has selected. 
Piles allow the user to remember specific articles and to group related articles. 

7. Process controller. Simple on/off switches control the automatic creation of different 
types of processes, such as whether an article is described in alternative databases, 
how many references or citers it has, and what the title, author, and journal are for 
citers. 

 
Butterfly animation 
 
Mackinlay, Rao and Card [15] have found that animated transitions let the human perceptual 
system track user interface changes with much less cognitive effort. For example, new results 
are brought to the top of the query pyramid with an animation that lets the user track the 
change perceptually. The authors use the animation loop to buffer the user from long-running 
asynchronous query processes. Fundamentally, the animation loop and the asynchronous 
query process combine to give the Butterfly visualization an organic feel. 
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Implementation details 
 
The Butterfly Visualizer uses the object-oriented architecture of the Information Visualizer. 
The implementation of query processes uses well-known computer science techniques for 
multiprocess programming, including process locks, critical sections, and a transaction-style 
modification of user interface objects. Mackinlay, Rao and Card [15] have added a new 
animation control mechanism to the IV architecture to accomplish this adjustment. This 
mechanism uses timer objects, which monitor elapsed real-time to adjust a visual value 
through a range. 
The timer's value represents the percentage of growth, and one minus the timer value is the 
percentage of shrinkage. Typically, we use a single timer object for an animated transition, 
which ensures all objects adjust in unison. 
 
Discussion 
 
The Butterfly application provides a high-bandwidth easy-to-learn user interface for accessing 
multiple slow repositories by organically embedding access activity, including search, 
browsing, and access management, within an information visualization that allows richer, 
more rapid information assimilation than Dialog's typescript interface. Automatically 
formulated link-generating queries reduce the number of queries that must be formulated by 
the user, and asynchronous query processes, including automatic creation, reduce the 
overhead associated with accessing networked databases. 
 
Organic User Interfaces 
 
Mackinlay’s, Rao’s and Card’s [15] positive experience with the Butterfly implementation 
suggests this approach might be generally effective for building applications for accessing 
networked information. They believe these ``Organic User Interfaces for Information Access'' 
will include four components, which generalise the four key ideas underlying the Butterfly 
application. 
1.Information landscapes: Information landscapes are virtual environments that hold 
retrieved information. Visualization techniques, such as animation and graphical presentation, 
will support rapid movement across these landscapes, which will include graphical indicators, 
similar to the yellow bars on the butterfly wings, that will indicate promising areas to explore 
in the ``terra incognita'' of information not yet retrieved. 
2. Growth sites: People often want to link bibliographic records by their shared authors, 
journals, subject matter, etc. These links form growth sites in the information landscape, 
where existing information can be used to automatically construct queries for related 
information.  
3. Growth agents: As in nature, information landscapes will have a multitude of potential 
growth sites that can easily consume all human and computational resources. Growth agents 
are asynchronous processes that grow an information landscape. The Butterfly application 
uses a conservative policy for automatic deployment and grows where the user has its 
attention focused. 
4. Growth controllers: The growth controllers will let users direct the activity of growth 
agents, much like a gardener shapes a plant to maximize fruit production.  
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The authors believe the notion of an organic user interfaces for information access will 
expand to include a multiplicity of information landscapes for individuals, groups, and 
society. These landscapes will be used as workspaces and channels of communication.  
 
Mackinlay, Rao and Card [15] believe the notion of an organic user interface for information 
access will expand to include a multiplicity of information landscapes for individuals, groups, 
and society. These landscapes will be used as workspaces and channels of communication. 
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Case study 
 

Goal 
 

In order to prove the thesis a case study was conducted. The case study is supposed to show 
that it would be easier to search large hierarchies of information when you use the Hyperbolic 
tree. I was also a bit interested in if there were anything negative that the users had to say 
about the application. The case study is also supposed to provide answers to questions for the 
hypothesis. 
 
In what ways could techniques like the Hyperbolic Tree make it easier to find relevant 
information on the Internet? 
 

Method 
 
An application was developed using the Visual Tree Studio from Inxigth. The application1 
was a Hyperbolic tree version of the Internet version of the Swedish newspaper Aftonbladet. 
A population of 20 persons was selected as participants in the case study. They all had 
academic background within the field of computer science. 
 
The task was to surf the information space using both the page Aftonbladet.se and the 
Hyperbolic application. The users were supposed to search for a couple of given articles and 
then answer provided questions2. 
 

Result 
 
It seems as in the overall picture every participant in my case study preferred the Hyperbolic 
tree versus Aftonbladet.se. One thing that is worth mentioning is that all participants were 
used to using the Aftonbladet homepage but none of them had used the Hyperbolic tree 
before. Here are the results and some comments from the case study: 
 

1. Did you find all the articles that were asked for when using the tree? Which did you 
not find? 
Aftonbladet: 16% of the articles was not found 
Hyperbolic tree: 12% of the articles was not found 

 
3. Which of the two methods do you think provides the best overall picture of the page? 

Aftonbladet: 16% 
Hyperbolic tree: 74% 
 
“The hyperbolic tree, works very well if you know what you are looking for, and 
shows the structure of big pages very well. Although, the Aftonbladet site is probably 
easier to use as a first time user, who’s just browsing today’s news. “   
 

 
1 There is a description and picture of the application in Appendix 1. 
2 The question form can be found in Appendix 2 
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4. With which one was it easier to find what you were looking for, Aftonbladet or the 
Hyperbolic tree? 
Aftonbladet: 16% 
Hyperbolic tree: 66% 
 
“The Hyperbolic tree shows you the way to what you are searching for (and gives 
alternatives) in an easy graphical manner.” 
 
“I think the aftonbladet.se is good just because you are so used to it, but the 
Hyperbolic tree is faster and gives a better overview.” 
 

5. Which of the two pages, the Hyperbolic tree and Aftonbladet, do you think provide the 
most natural way to navigate through the information space? 
Aftonbladet: 50% 
Hyperbolic tree: 50% 
 
“With the Hyperbolic tree it’s easy to see the main topics and if there are any 
subtopics to them (the strings). Then you can put these into focus and click on each 
string to see what there is to find!” 

 
6. Was it easier to get back to where you once came from using the Hyperbolic tree? 

All participants found it much easier to find their way back. 
 

7. Did it get easier to navigate after you had used the tree for a while? 
All participants found it easier to navigate after they had used the tree for a while. The 
learning time seemed to be very short. 

 
8. Which page was the most logical one in its structure? 

Aftonbladet: 16% 
Hyperbolic tree: 74% 
 
“The Hyperbolic tree was very structured and made it easier to se associations 
between information” 

 
10. Do you prefer to have focus+context, that is, a little about a lot as this tree provides or 

do you prefer to have a lot about a little as Aftonbladet provides, when you are looking 
for information? 
Focus+context: 78% 

 
11. Which of the two methods would you prefer to use when searching large hierarchies 

of information? 
Aftonbladet: 0% 
Hyperbolic tree: 82% 
 

Note 
These results are applicable to the test group and should not be used to generalize. It is only 
applicable to people with quite a lot of knowledge in computers and who is used to surfing the 
Internet in their search for information. 
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Conclusion 
 
In the beginning of this chapter I will do a comparison between the technical aspects and the 
aspects mentioned in the chapter of cognitive psychology and then a comparison with the 
aspects dealt with in the chapter of usability. Do the Hyperbolic tree match the criteria 
discussed there or not? 
 

Cognitive psychology 
 
In the chapter of psychology I have mentioned that: 
 
The experiences made by a human, are not stored as single, isolated elements, but are 
organized in patterns, which are abstracted from the single experiences. These patterns or 
cognitive structures are being used by humans to understand, interpret and construct the 
world around us. 
This means that our knowledge of the world around us is hierarchically structured. 
 
From this I can draw the conclusion that humans are used to organising things in hierarchies 
in which the information are linked and associated to each other. This is the way that 
information is presented when you are using the Hyperbolic tree. You can always see the 
connection to the other information so that you can interpret their relation, and associate 
information with other information, which otherwise would not be possible. 
This gives the result that it gets more natural to navigate through the information space. I 
found in my survey following the case study that 74% of the participants found that the 
Hyperbolic tree provided a very good overall picture. 
The participants also found that the Hyperbolic tree was very logical in its structure. All 
participants found it very easy to find their way back to where they came from.  
All the prior statements are in comparison with an ordinary web site. 
  
It is worth mentioning that all figures are based on the actions of users who had never used 
the Hyperbolic technique before. 
 
You identify the patterns based on their characteristic features, attributes or properties such 
as a colour or a size. We therefore recognise an object because it has characteristic features 
that match our memories. 
For most of the geometrical shapes and concrete objects it seams as if representation in 
pictures (analogue) is the most suited form. 
Since there is less characteristic features to consider when the information is in analogue 
form this comparison will be a lot faster. 
 
In the Hyperbolic tree you have the ability to play around with colours and shapes, all to make 
it easier to distinguish between types of information. According to Dariush Araï our 
immediate perception of the visual field consists of a number of outlines and colours. It’s 
important for these to be organized in groups. It is also very important that all information of 
the same kind has the same shape and colour. 
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This is done automatically with the Hyperbolic tree. If you change the attribute for one it 
affects all the others of the same kind. 
In the Hyperbolic tree there is very little information presented in text. Almost everything is 
in pictures and those are much easier for the human to interpret. It takes less cognitive effort 
to interpret a picture than the same information in words. This makes the searching of the tree 
much faster than an ordinary web site. A picture says more than a thousand words. 
 
Everything within a relatively small area can be seen clearly, but it is harder to se something 
that’s outside the lighted area. This model is called the zoom lens model (ZLM). 
 
The zoom lens model I think matches the Hyperbolic tree very well. 
 
 According to John Lamping, Ramana Rao and Peter Pirolli [12] the Hyperbolic technique 
assigns more display space to a portion of the hierarchy while still embedding it in the context 
of the entire hierarchy. The Hyperbolic Tree gives more space to a few nodes in the centre 
(focus) while also providing space to many more nodes (context).  
 
In the Hyperbolic tree you always have one thing in focus while all the others are unfocused. 
Using the focus+context model you have a little information about a lot. When you put 
something into focus you can view all information about that object. There is no use to show 
all information at a time. That will only complicate the navigation and there will be 
information overload. Only show the information when it is asked for. 
 

Usability 
 

Usability is functions that can be used efficiently or are known to the user. 
 
In the chapter of usability it is written that Hollnagel and Woods means that: 
 
People usually try to cope with complexity by reducing it, for instance by structuring the 
information at a higher level of abstraction with less resolution and making the required 
decisions at that level. 
 
The whole point of using a tool like the Hyperbolic tree is to reduce complexity. Many 
systems today doesn’t reduce complexity, they provide it. In the hyperbolic tree the 
information is abstracted to a higher level to make the structure clearer to the user, but you 
can lower the level of abstraction simply by putting the information into focus. This is why 
66% of the participants in the survey found it easier to use the Hyperbolic tree in comparison 
with the ordinary web site. There was also a less percentage in not found articles when the 
users used the Hyperbolic tree. 
 
Hollnagel points out that: 
 
Cognition depends on context and human actions are reactive and intentional and this in turn 
is why design must support work in an open loop. 
 
The conclusion to be drawn from this is that the Hyperbolic tree provides a loop that is as 
open as it gets. You can move around with total freedom and the system will adapt to your 
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behaviour. You never have to click any “back” buttons or so. Simply move the tree to where 
you want focus to be. Another thing related to this is that: 
 
Humans are able to think about more than one thing at a time, and in accomplishing some 
piece of work, they frequently interrupt their current train of thought to pursue some other 
piece of related work. 
 
This is also no problem with the hyperbolic tree. If you don’t want to pursue one line of 
commands you just click another branch and follow that one instead. 
 
In the area of Human Computer Interaction the authors mentioned in that chapter give the 
following criteria that has to be fulfilled for a system to be called a direct manipulation 
interface: 
 

1. Visibility of the objects of interest 
2. Incremental action at the interface with rapid feedback on all actions 
3. Reversibility of all actions, so that users are encouraged to explore without severe 

penalties. 
4. Syntactic corrections of all actions, so that every user action is a legal operation 
5. Replacement of complex command languages with actions to manipulate directly the 

visible objects. 
 
As far as I can se the Hyperbolic browser fulfils four of these criteria. 
 

1. In the Hyperbolic browser the objects found interesting are in focus and are therefore 
visible to the user. 
 

2. The Hyperbolic browser provides rapid feedback on all actions since if you move 
anything it shows immediately on the screen. Another aspect in this area is that when 
you search the page the browser marks related objects as you type in your words and 
you never have to press any buttons to se the result. 

 
3. Reversibility is achieved simple by moving the focus to desired place. 

 
4. No match as I can see but I also don’t see the need for it in this application. 

 
5. There are no command languages and all actions are performed with animation. You 

work directly on the selected object. 
 

Mackinlay, Rao and Card have found that animated transitions let the human perceptual 
system track user interface changes with much less cognitive effort. This also proves my 
point. 
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Hypothesis and related questions 
 
In order to show you more proof to my thesis I maybe should clarify the relationships 
between the hypothesis, the questions and the survey conducted in the case study. 
 
When using new techniques to graphically visualise large hierarchies of information, lucidity 
and usability will improve. 
 
I constructed some questions that were supposed to provide answers that could help to prove 
the hypothesis. 
 
What kind of techniques for graphical visualisation of search results and other massive 
hierarchies exists today? 
 
This question was given an answer via the chapter of technical aspects. I delimited my work 
to a presentation of three available techniques for graphical visualization. These three were 
the Hyperbolic tree, GeoSpace and Butterfly. Only one of these, the Hyperbolic tree, was 
tested in detail through the case study. 
 
To provide answers to the second question I conducted a case study with a following survey. 
The questions in the survey was supposed to give examples of in what ways these new 
techniques could make it easier to find information on the Internet. The survey turned out well 
and I received twenty answers to my survey. Some answers to the second question could be 
drawn out of the results. 
 
In what ways could techniques like the Hyperbolic Tree make it easier to find information on 
the Internet? 
 

• Good overall picture – The majority (74%) of the participants found that the 
Hyperbolic tree provided a very good overall picture of the information space. 

• A natural way to navigate the information space – Half of the participants 
found that the Hyperbolic tree provided a more natural way of navigation. 

• A logical view of the structure  - More logical to navigate, such as finding 
your way back. 

• A well-developed focus+context technique – A majority of the participants 
stated that they preferred focus+context, that is a little about a lot, for an 
ordinary way of browsing. 

• A preferred technique for searching large hierarchies of information – 
82% of the participants stated that they would prefer to use the Hyperbolic tree 
when searching large hierarchies of information. 

 
With this information and evidence my conclusion is that the use of the Hyperbolic tree will 
improve lucidity and usability from the users point of view. 
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Discussion 
 

When writing a scientific report, the validity and reliability of the investigation’s result can be 
discussed. 
 
I have found some issues that can be questioned: 
 

• Maybe the use of a newspaper in the case study is not he best choice. 
Newspapers are sometimes very unstructured and this could have made the test 
results a bit undefined. But I think that the case study gave the expected result. 

• The test was conducted by test users who all has quite large skills in computer 
development. The result could have been different if users with less computer 
skills had participated. 

• I have also noticed that the results from testing the Hyperbolic tree maybe is 
not applicable to all methods of graphical visualisation. 

• The Hyperbolic browser has some problems with the organising of 
unstructured hierarchies. 

 
I am aware of the limitations of testing. Testing is an artificial situation and does not 
guarantee success or even that a product will be usable. The participants are rarely fully 
representative of the target population. 
 
Concerning the validity of the case study, I believe that the case study reflects what I intended 
to investigate. My aim was to show the benefits of using the Hyperbolic tree versus an 
ordinary tool. 
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Appendix 1 
 

The application 
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The application was developed using the Visual Tree Studio from Inxight. I used their tool to 
crawl the website of Aftonbladet and then constructed a tree containing all the links on the 
page. All the names of the links also had to be revised so that they showed relevant 
information. The tree consists of approximately 800 nodes. 
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Appendix 2 
 

The survey 
 
Here are some instructions for how the tree works:  

 
You just have to click the title that you want to put in focus, or simply just drag it there. If you 
want to read the selected article, just double-click on it. 
You can also search the information space via the search window in the bottom of the page. 

 
These are the articles I would like you to find: 
 
Which song is number one on the “Singeltopp” in Sweden? 
Find an article about vaccination. 
Find the page for “Sportåret 2001”. 
Find the article: “Vad vill du betala för en daimstrut?” 
 
After you have done this, please answer these questions. 
 
 

 
1. Did you find all the articles that were asked for when using the tree? Which did you 

not find? 
 
 
 

2. Did you find all the articles that were asked for when using Expressens main page? 
 
 
3. Which did you not find? 
 
 
 
 
 
 
4. Which of the two methods do you think provides the best overall picture of the page? 
 
 
 
5. Why? 

 
 
 

6. With which one was it easier to find what you were looking for, Expressen or the 
Hyperbolic tree? 
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7. Why? 
 
 
 

8. Which of the two pages, the Hyperbolic tree and Expressen, do you think provide the 
most natural way to navigate through the information space? 

 
 
 
9. Why? 

 
 
 

10. Was it easier to get back to where you once came from using the Hyperbolic tree? 
 
 
 
11. Did it get easier to navigate after you had used the tree for a while? 
 
 
 
12. Which page was the most logical one in its structure? 
 
 
 
13. Why? 

 
 

14. What is your overall opinion of the tree? 
 
 
 
15. Do you prefer to have focus+context, that is, a little about a lot as this tree provides or 

do you prefer to have a lot about a little as Expressen provides, when you are looking 
for information? 

 
 
 
 
 
16. Which of the two methods would you prefer to use when searching large hierarchies 

of information? 
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