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1. Executive Summary 

iManageCancer data analysis services require presentation, analysis and comparison of a large 

volume of heterogeneous data from cohorts of a large number of patients with covering areas from 

the medical, the environmental and the lifestyle domains. Without proper tools it is impossible to 

achieve this goal.  

Work Package 8 ñSmart analytical data servicesò is proposed to meet this challenge. In Task 8.1 

ñData analysis and data mining servicesò, data are extracted by the data mining services. In Task 

8.2 ñVisualisationò, an interactive visual analysis interface is suggested be designed to empower 

the ender users to view, utilise, analyse and understand the mined data.  

This document is a deliverable report of D8.2 ñImplemented visualization techniquesò of the 

iManageCancer project. In particular it covers the advanced visualisation tasks designated in Task 

8.2. This deliverable report focuses on the design and implementation of visual analysis 

components in order to provide views and analysis of the iManageCancer patient and cohort data. 

The data is retrieved based on the work presented in D8.1 ñImplemented data analysis and data 

mining servicesò.  This report is organised by the introduction, related work, data, the related 

visualisation techniques, the visual analysis system, the design and implementation of the single 

patient visualisation and the cohort visualisation application.  
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2. Introduction 

iManageCancer patient data analysis services mine data from a variety of data sources covering 

the medical, the environmental and the lifestyle domains. Without proper tools it is almost 

impossible to present and analyse these large, heterogeneous, time-varying data.  

The longitudinal health and medical data imply that a huge amount of data from a large number 

of sources needs to be collected, stored, processed and presented. Visualisation provides 

technologies to present the data via mature visual paradigms and well-designed user interactions. 

Without proper design of visualisation and user interaction, it is not possible for the user to select, 

view, understand and gain knowledge from a large collection of health data. ñVisualization and 

visual analytics researchers can contribute substantial technological advances to support the 

reliable, effective, safe, and validated systems required for personal health, clinical healthcare, 

and public health policymakingò [Shneiderman 2013]. 

In iManageCancer, WP8 ñSmart analytical data servicesò is proposed to address this challenge. 

In Task 8.2 ñVisualisationò, an interactive visual analysis approach is suggested be designed to 

empower both the patients and the medical experts to view, utilise, analyse and understand the 

mined data from Task 8.1 ñData analysis and data mining servicesò.  

Visual analytics is an integral approach which combines visualisation, human factors, and data 

analysis. This process incorporates automatic and visual analysis methods with a tight coupling 

through human interaction in order to view, analyse and understand the data. As a science of 

analytical reasoning facilitated by interactive visual interfaces, the interface of visual analytics is 

critical in presentation and analysis of the data mined from the data mining services. Visual 

analytics interfaces allow the analysts to interact directly with the representation of the data or to 

modify visualisation parameters. In the visual analytics process knowledge can be gained from 

visualisation, automatic analysis, as well as interactions between visualisations, models, and the 

human analysts.  

In WP8 the visual analytics techniques deliver different perspectives on specific data types to 

provide heath data visualisation and cohort analysis. The interactive visual interface will directly 

support complex cohort study tasks. Interaction techniques are incorporated with the visualisation 

to facilitate data exploration and knowledge discovery. 

The report of D8.2 is the deliverable report of Task 8.2 ñVisualisationò which aims to provide a 

design of visual analytics interfaces and components for iManageCancer patients and medical 

experts to facilitate understanding and analysis of patient and cohort data. It is based on the work 

presented in D8.1 ñImplemented data analysis and data mining servicesò.   

The visual interface will be a common access point for iManageCancer data analysis users, from 

which users can perform the typical data query and analysis. We define the visual analytics tasks 

provided by the iManageCancer visual interface as the follows:  

Å Visualising individual medical data from patients  

Å Visualising medical data of patient cohorts 

Å Visualising patient cohorts for cohort comparison and cohort study. 

The system architecture is shown in Figure 1. 
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Figure 1. Architecture of the analytical services over personal health infrastructure 

 

3. Background 

3.1. Visual Analytics 

Though there are several definitions of Visual Analytics listed as the follows: 

Å ñoutgrowth of the fields of information visualization and scientific visualization that 

focuses on analytical reasoning facilitated by interactive visual interfacesò [Wong 

2004]; 

Å ñthe science of analytical reasoning supported by interactive visual interfaces.ò [Thomas 

2005]; 

Å ñcombines automated analysis techniques with interactive visualisations for an effective 

understanding, reasoning and decision making on the basis of very large and complex 

datasetsò [Keim 2010],  

all of them point out that visual analytics is an integration of data analysis and interactive 

visualisation which introduces human intelligence at an early stage in the data analysis process. 

Visual Analytics methods allow decision makers to combine their human þexibility, creativity, 

and background knowledge with the enormous storage and processing capacities of todayôs 

computers to gain insight into complex problems. Using advanced visual interfaces, humans may 
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directly interact with the data analysis capabilities of todayôs computer, allowing them to make 

well-informed decisions in complex situations. 

The visual analytics process combines automatic and visual analysis methods with a tight coupling 

through human interaction in order to gain knowledge from data. The visual analytics loop is in 

Figure 2 shows an abstract overview of the different stages in the visual analytics process. 

 

 

Figure 2 The visual analtyics loop 

Visual Analytics can be seen as an integral approach combining visualization, cognition, human 

computer interaction and data mining, as shown in Figure 3, which illustrates the related research 

areas of Visual Analytics. The most closely related areas of Visual Analytics are information 

visualization and data mining. 

 

Figure 3 Related research areas of visual analytics [Keim 2006] 

In iManageCancer, Visual analytics makes use of data from the iManageCancer data mining 

services and bring together valuable information in visual form to support health data visualisation 

and cohort study. 
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3.2. Time-varying Data Visualisation 

In the real world, time-oriented data are ubiquitous in many application domains as, for example, 

in business, medicine, history, planning, or project management. Providing appropriate methods 

to facilitate the visualisation and analysis of time-varying data is critical for many applications. 

Very detailed reviews on time-varying data visualisation can be found in [Aigner 2011] (book) 

and [Aigner 2008] (survey paper). 

In iManageCancer, the medical and health data of patients are time dependent. Moreover, most 

of cohort studies are based on longitudinal data. Visual analysis of time-varying data is an 

indispensable requirement in iManageCancer.  

3.2.1. Time Data Modelling 

The properties of time-varying data can be described by scale, scope, viewpoint, granularity, etc., 

which will be introduced as follows: 

Scale: 

Ordinal vs. Discrete vs. Continuous 

For the ordinal time data, only relative order relations are present. Discrete time values can be 

mapped to a set of integers or labels which enable quantitative modelling of time values. 

Continuous time data are time data which can be mapped to a real domain 

Scope 

Point-based vs Interval-based 

Point-based time data are discrete point data on the time axis with the length of the temporal extent 

equals to zero. Different from the point time data, interval-based time data represent continuous 

time spans on the time axis with temporal extents greater than zero.  

Arrangement 

Linear vs. Cyclic 

The time data can either be linear or cyclic based on the need to process and present them. The 

basic time data is essentially linear and can be represented by points and spans on a time axis. 

However, periodicity is very common in time data due to the periodicity in the nature and peopleôs 

life. The cyclic time data can often be represented by a radial layout design.  

Viewpoint 

Ordered vs. Branching vs. Multiple Perspectives 

Ordered time data describe things that happen one after the other. Branching time data are multiple 

strands of time branch to allow description and comparison of alternative possibilities. While in 

branching time there is only one path through time will actually happen, multiple perspective data 

describe simultaneous views of time. 

Granularity  

None vs. Single vs. Multiple 
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Granularity refers to the human abstraction level of the time data. It describes mappings from time 

values to larger or smaller conceptual units. There may be a single granularity only or even none 

granularities are supported. Multiple granularities can also be used to support multi-scale 

visualisation. 

In iManageCancer, most of the medical and health data are point based, linear, ordered data of 

numeric values or enumerate values.  

3.2.2. Time-varying Data Visualisation 

Linear and cyclic time data visualisation 

The standard technique for visualising time-varying data is 2d plots where the x axis represents 

time and the y axis represents time-varying variables, as shown in Figure 4(a). This technique 

works well to show the variations of the data variable with the time but can hardly visualise the 

periodicity of time-varying data. The radial layout as shown in Figure 4 (b) and (c) can be used to 

uncover the periodic patterns in the data. 

 

Figure 4 Different visual representations of a time-oriented data set 

 (a) Time series plot (periodic pattern is difficult to discern). (b) SpiralGraph encoding 27 days per cycle (improperly parameterizedðperiodic 

pattern is hard to see). (c) SpiralGraph encoding 28 days per cycle (properly parameterizedðperiodic pattern stands out),  

ThemeRiver 

ThemeRiver [Havre 2000] uses the metaphor of a river that flows through time. Currents within 

the river represent changes, such as climate changes, as shown in Figure 5. 

 

Figure 5 Visualisation of a climate data set using a ThemeRiver approach 
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The graph depicts five time-dependent variables: summer warmth (blue), summer days (violet), hot days (green), summer mean temperature 

(yellow), and mean of extreme (white) for a period of more than 100 years. Source [Aigner 2008]  

 Calendar visualisation 

Calendar is the traditional way used by people to visualise the time long before the advent of 

computer graphics. Figure 6 shows a calendar heatmap [Calendar Heatmap] which visualises the 

attendance data in two years. 

 

Figure 6 Visualisation of attendance for a sports team with a calendar heatmap 

The brightness indicates the values. Source : https://developers.google.com/chart/interactive/docs/gallery/calendar 

[Wijk  1999] is a well-known example which uses 3D and 2D calendar views to show the energy 

consumption and employee number data. It is a combined representation of daily patterns and 

clusters. Patterns are shown as 3D calendar graphs, clusters are shown on a 2D calendar, as shown 

in Figure 7. Colours indicate corresponding clusters and patterns.  

 

Figure 7 Calendar visualisation for pattern discovery 

Left : Power demand by ECN, displayed as a function of hours and days, right: Calendar view of the number of employees.  

Multi -perspective and branching data visualisation 

LifeLines 
LifeLines [Plaisant 1996] provides a general visualisation environment for personal history 

records, as shown Figure 8. A one screen overview of the record using timelines provides direct 

access to the data. For a patient record, medical problems, hospitalisation and medications can be 

represented as horizontal lines, while icons represent discrete events such as physician 

consultations, progress notes or tests. Line colour and thickness can illustrate relationships or 

significance. Rescaling tools and filters allow users to focus on part of the information, revealing 

https://developers.google.com/chart/interactive/docs/gallery/calendar
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more details. LifeLines reduces the chances of missing information, facilitates the spotting of 

anomalies and streamlines the access to details.  

 

Figure 8 Lifeline screenshot 

Storylines 
The river metaphor can represent the variation, merge, branching and ending of events, this effect 

is similar to the storylines used in fictions and movies to depict the temporal dynamics of social 

interactions. This visualisation technique was first introduced as a hand-drawn illustration in 

XKCDôs ñMovie Narrative Chartsò, as shown in Figure 9. If properly constructed, the 

visualisation can convey both global trends and local interactions in the data. 

 

Figure 9 Handdrawn storyline visualisation of the main characters in Lord of the Rings 

Source: http://xkcd.com/657/. 

Dynamic Visualisation 

Though animation has certain limitations and is not the mainstream technique for time-varying 

data visualisation, if used properly, it can still help the users to understand the whole process of 

the events more easily.  
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GapMinder 
GapMinder [GapMinder] uses dynamic animation to visualise and compare the socioeconomical 

development of the countries over the world in last two centuries, as shown in Figure 10. 

 

Figure 10 GapMinderôs animation visualisation of GDP per capita of countries in the world from year 1800. 

Source : http://www.gapminder.org 

3.3. Health Data Visualisation 

Visualisation and visual analytics combines automated analysis techniques with interactive 

visualisations for effective understanding, reasoning and decision-making on the basis of very 

large and complex datasets [Keim 2010]. It is designed to promote knowledge discovery and 

utilisation of large datasets via effective visual paradigms and well-designed user interactions. 

Visualisation becomes the medium of an interactive analytical process, where humans and 

computers cooperate using their respective distinct capabilities for data processing and visual 

recognition for the most effective results and is an indispensable technology for healthcare 

information representation and analysis.  

Healthcare has been a crucial research and application field of data analysis and visualisation for 

several decades [Reddy 2015]. In the previous work, much of the focus have been on the 

visualisation of electronic health records (EHRs). Rind et al. gives a detailed review of the related 

work [Rind 2011], categorising by individual patients or a group of patients. In each category, the 

work is further divided by visual analytics of time series data or status at a certain time point. 

West et al. also presents a systematic review of visual analytics approaches that have been 

proposed to illustrate EHR data [West 2015]. 

As mentioned in the last subsection, Lifeli nes [Plaisant 1996], a pioneer work in visualisation of 

individual patient records, provides a general visualisation environment for problems, diagnoses, 

test results or medications using timelines. Lifelines2 [Wang 2009] moves further by providing 

visualisation of temporal categorical data across multiple records, which is better for a doctor to 
















































