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Abstract—Advanced interaction techniques are necessary to 

explore the potential of large data-volume systems. In this 
context, rich internet application patterns were defined, but 
usually reduced to the development of social web applications. 
However, other types of applications, such as data-analysis 
applications, require also advanced interaction solutions to assist 
users in making decisions and data-analysis. This paper identifies 
a set of problems emerged in the interaction between humans and 
data-analysis applications. We propose a set of guidelines for rich 
applications as a solution for these problems. As illustrative 
example of a real data-analysis environment, the paper focuses 
on a case study in the cultural heritage domain, highlighting the 
existing interaction problems and how they can be solved 
through the design guidelines proposed. The set of design 
guidelines allows to specify interfaces abstractly, creating a 
repository to solve interaction problems. These guidelines aim to 
serve as a basis for a future identification of new rich 
applications design patterns. 

Keywords—Design Guidelines; Rich Application; Data Analysis; 
Cultural Heritage 

I. INTRODUCTION 

In recent decades, the strategic importance of big data in 
decision-making has been growing exponentially, with 
emerging disciplines [1], professions [2] and techniques to 
assist humans in data management and interpretation of these 
large volumes of data. Decisions based on large amount of 
data are made in our day-to-day life in several areas, but 
especially in business (BPM -Business Process Management-) 
[3, 4], and data processing activities (qualitative research, 
statistical reasoning, etc.). In both areas, applications to assist 
users in data-analysis tasks and to facilitate the decision-
making process are a key necessity. These applications are 
named data-analysis applications, and they require visualizing 

large amount of data graphically. These applications use 
complex interfaces to avoid confusing elements such as large 
text lists or other elements with too much textual information 
unprocessed. Other characteristic of data-analysis applications 
is the high level of functionality required to assist end-users 
through the complete decision-making process. 

The definition and design of interfaces for data-analysis 
tasks present some challenges for analysts, especially in 
modeling terms. We can classify these challenges into two 
main groups: analysts’ skills and technical reasons. With 
regard to the first group, frequently, interface analyst and 
requirements engineer are roles played by different persons. 
This way, interface analyst ignores details of requirements and 
possible complex uses of the application. As a result, 
interfaces often implement lineal interaction mechanisms 
based on showing data, lacking of assistance for data-analysis 
tasks. The use of a wrong interaction mechanism can hinder 
tasks of analysis and reasoning based on data. The second 
group of challenges (technical reasons) appears due to analysis 
interfaces require the management of a large amount of data to 
facilitate tasks of analysis. This is a technical challenge in 
terms of screen space or interaction mechanisms. Furthermore, 
the design of interfaces becomes more complicated in 
technical terms because requirements are continuously 
evolving, more frequently in first stages of the development, 
due to the difficulty of extracting requirements related to 
cognitive and analysis tasks [5-7]. Users usually know which 
tasks they need to perform in each interface. However, users 
are not self-conscious about which interaction mechanism is 
better to perform each analysis task or which mechanism can 
improve the decision-making process. 

Problems related to the definition of advanced interfaces 
have been tackled in depth in the software engineering field. 
Existing proposals focus on how to represent and reuse 



interaction features in order to help analysts to create more 
adaptive interfaces to users’ requirements. A common strategy 
to reach those goals is the use of interaction patterns. 

In the context of interaction patterns we can find two types 
of patterns: (1) General patterns identified for graphical user 
interfaces commonly accepted; (2) RIA (Rich Internet 
Application), which represents advanced interaction features 
for Web applications. RIA patterns are usually focused on 
social network websites such as Facebook or similar 
collaborative environments, where there is a huge amount of 
interaction alternatives. However, there are few patterns for 
other types of less collaborative interactions with complex 
mechanisms to manage big data, such as applications involved 
in data-analysis to make decisions.  

This paper aims to cover the existing gap of solutions to 
specify interfaces to assist the decision-making process 
through the use of design guidelines. These guidelines offer a 
solution to model complex interaction mechanisms of large-
data volume systems. The identification of these design 
guidelines is based on the study of common problems in 
cultural heritage area, where understandable interface 
definitions is a challenge faced by interface analysts and 
requirements engineers. The target is to solve interaction 
problems identified in data-analysis systems such a way, these 
solutions can be reused in any other software development 
easily. For this reason, the guidelines are defined abstractly 
through a hierarchical structure. Our target in the long term is 
to transform these guidelines into RIA patterns. For this aim, 
we will study which guidelines are useful for several 
developers and are applied in several developments.  

The use of design guidelines for specifying interfaces of 
data analysis applications offers a set of reusable solutions to 
solve problems. Using guidelines, we improve traceability 
from requirements elicitation to interface design. In addition, 
design guidelines encapsulate more complex technical 
decisions such as the distribution of space inside the screen or 
the most appropriate interaction mechanism depending on the 
situation. 

The article is divided into the following sections: section 2 
shows related work focused on interaction patterns and other 
design solutions for data analysis applications. Section 3 
identifies modeling challenges in data-analysis applications 
through a case study. Section 4 defines a set of design 
guidelines to solve interaction problems of data-analysis 
applications. Section 5 applies the guidelines to the cultural 
heritage case study. Finally, section 6 describes conclusions 
and further works. 

II. RELATED WORK 

The increasing demand of systems to extract data and to 
help in the decision-making process stimulates the creation of 
data-visualization solutions to work with much information in 
different heterogeneous fields, for instance journal 
infographics [8] or communication and online courses [9]. 
Most of these solutions are ad-hoc visualizations that are 
created specifically on-demand to represent a single dataset (a 
collection of related data) or they are based on specific 
visualizations techniques, such as treemap [10]. These ad-hoc 

solutions do not allow the reuse of interaction solutions. 
Nowadays, there are some studies about the definition, design 
and evaluation of specific visualization techniques, as well as 
the presentation based on data types or audience. Some of 
these approaches deal with abstract specifications of 
visualization techniques, originating abstract libraries for 
implementation [11-13]. The specification and implementation 
of code libraries is managed as a whole. This situation 
presents some shortcomings in the reuse of components due to 
the strong connection between the underlying conceptual 
model, which represents the interaction solution adopted, and 
a specific implementation of the solution. 

There are also new efforts to create specification languages 
to facilitate the definition of information visualization 
interfaces. One example is the language created by IBM [14] 
to define an abstract specification of interfaces and the reuse 
of interaction solutions. In our opinion, this solution demands 
specific analyst’s modeling skills, which reduces its 
applicability. In most cases, the learning process of these skills 
has a hard learning curve. Specification languages are an 
integral solution for large teams or companies [15] but they 
are difficult to implement in other contexts. 

Both approaches, code libraries and specification 
languages are applied to data-analysis applications. This way, 
we find data-analysis applications with ad-hoc models based 
on a domain [16] and with models based on a specific 
information visualization technique, as explained at the 
beginning of this section. We also find data-analysis 
applications with code libraries and languages for interface 
specification, trying to solve some of the ad-hoc problems. 
However, these approaches increase the need of modeling 
skills and couple the solutions with a specific implementation. 

A solution based on abstract models, easily understandable 
by analysts and end-users, and independent of implementation 
is needed. The concept of pattern is a solution for those 
challenges. 

 The use of patterns consists in the repetition of a solution 
applied to similar problems independently of domain and of 
analyst’s previous skills. There are several works to model 
interaction based on patterns, from element-based to object-
oriented or tasks-oriented approaches. OO-Method [17], for 
instance, is an object-oriented design tool to develop 
information systems based on the Model-Driven Development 
paradigm. OO-Method includes conceptual primitives to 
associate interaction elements with objects of the domain. 
These interaction elements are defined using a set of 
interaction patterns expressed in a pattern language called 
Just-UI [18]. There are other modeling solutions based on 
UML [19] such as WISDOM (Whitewater Interactive System 
Development with object Models)[20], a method of software 
engineering expertise for the construction and maintenance of 
interactive applications for SMEs.  

Existing approaches show the advantages of using patterns 
to develop business applications, but they also present some 
limitations. Patterns in OO-Method are limited to the scope of 
form-based applications. WISDOM approach is limited to the 
scope of Small Software Developing companies (SSDs), 
showing an interaction modeling solution more suitable for 



working with small data than for supporting a decision-
making process. OO-Method and WISDOM approaches have 
a strong dependency between models to represent the 
interaction and models to represent other features such as 
functionality or persistency. This dependency hinders to apply 
the interaction modeling to data-analysis applications, since 
functional and persistency models of OO-Method and 
WISDOM are not prepared to represent data-analysis systems. 

With regard to web environments, Valverde [21] performs 
a complete study of interface specifications. That study 
highlights the extension of UsiXML [22] to support the 
generation of RIA interfaces. The application of UsiXML to 
data-analysis interface specification presents similar 
dependency problems and requires much modeling skills for 
analysts. 

Finally, RIA patterns are reusable solutions for common 
problems in interface specifications [23] that are focused on 
collaborative environments or social networks [24]. For 
instance, we can find RIA patterns to solve web integration 
and searches (such as mechanisms to manage active or 
inactive search results). 

According to the literature, interaction specifications based 
on patterns has a set of advantages: an integral treatment of the 
interaction mechanisms; avoiding ad-hoc specification; there 
is not excessive connection between implementation and 
specification, avoiding the hard learning curve of specification 
languages. The use of patterns fits in our purpose to offer a 
solution to model interaction mechanisms in data-analysis 
applications, mitigating identified problems. Note that despite 
existing attempts in the community, there is not a standard to 
define patterns. This situation results in a set of multiple 
patterns for different purposes: Web environments, social 
networks, etc. Our approach is a first step to build patterns for 
data-analysis systems. This paper identifies a set of design 
guidelines useful for the specification of interfaces in the area 
of data-analysis systems. In next steps of our investigation, we 
are planning to define new RIA patterns through the study of 
these design guidelines during the software development 
process with several developers. 

 This paper tackles the need of solutions to define 
interaction for data-analysis applications. We have analyzed 
eight data-analysis applications in order to identify challenges 
in the field and define a set of design guidelines to design that 
kind of applications. The main objective of our work is the 
definition of a catalogue of design guidelines to expand the 
scope of RIA solutions to data-analysis systems. 

III. CHALLENGES OF DATA ANALYSIS SYSTEMS 

This section analyses current challenges to specify data-
analysis applications, more specifically we focus on the 
interaction with end-users. All these challenges have been 
obtained after analyzing eight data-analysis systems in the 
cultural heritage domain. The study is based on previous[25] 
interviews with end-users and developers of those systems. 
Studied systems share characteristics in terms of data 
management [26-28], processes [29] or visualization [30] in 
order to assist in the data-analysis and knowledge generation.  

Identified challenges can be summarized in two items: 
analyst’s skills and technology.  

Analyst’s skills are necessary for designing interfaces that 
help end-users to take decisions with big data. However, 
analysts of data-analysis applications have usually a huge 
background in specifying persistency and behavior but they 
lack of expertise in interaction design. A challenge is to help 
analysts specify interfaces even though they are not experts in 
this field. Regarding technological aspects, we have detected 
five modeling challenges in the definition of data-analysis 
environments: 

 
 Challenge 1: Need for modeling large data volume 

presentation dealing with screen space limitations. 

 Challenge 2: Need for modeling a big dynamism and 
more interaction options to visualize dynamically data 
in function of the user’s reasoning in each moment. 

 Challenge 3: Need for modeling the management of 
importance levels: A set of data can play different roles 
in function of the tasks performed by the user in each 
moment. 

 Challenge 4: Need for modeling the use of interaction 
elements (colour, size, etc.) as interaction resources to 
improve the data-analysis performed by the user. 

 Challenge 5: Need for modeling strongly dependencies 
and data characteristics, especially in time-oriented 
data and geographical aspects.  

All these technological needs are frequent in data-analysis 
systems to visualize large amount of data and to improve user 
experience and specially, in traditional analytic domains related 
to end-users’ strategic decisions. Business analysis is a good 
example and cultural heritage context is not an exception of 
these technological needs. The following case study shows 
some of the data-analysis challenges in the domain of cultural 
heritage. 

A. Case study 

A common need in cultural heritage areas is the analysis of 
material evidences found in an intervention or archaeological 
excavation, producing datasets with information about the 
characteristics of evidences. We take as case study one real 
dataset from the archaeological intervention in Alto do Castro 
[31], an Iron Age barrow situated in the northwest of Spain, 
with information regarding ceramic pots found at the 
archaeological site. The barrow has been excavated and 
documented by Incipit research team, as well as some 
management information needs have been identified by them 
[25]. Previous studies about user needs’ in the area [25], in 
order to capture needs and requirements, confirm the existence 
of the challenges explained before. The reason to choose this 
case study is because it gathers all the most common 
challenges of data-analysis systems.  

Researchers of the archaeological excavation aim to 
analyze the information available considering different 
parameters related to ceramic (decoration, shapes, etc.). In this 



context, the archaeological team of Alto do Castro has 
detected the need of building a software system to manage, 
visualize and assist the archaeologist in analysis tasks. This 
system is the hearth of the archaeological research process: the 
archaeologists share their data; analyze data to extract 
conclusions about the excavation; search for specific data; 
visualize data to make decision. The analyst needs a solution 
to specify interaction mechanisms in data-analysis. General 
technological challenges previously described for any data-
analysis system are instantiated for our specific case study into 
the following problems, derived from interaction 
requirements. Problems are specified in the same order as 
challenges were defined previously: 

 PROBLEM A: Users need a general view of 
information contained in a dataset with ceramic pots 
and their contour. This information clarifies the 
content and helps users decide the analysis strategy. 
This view must show all ceramic pots and fragments 
with information about size, border lines, etc. 
Depending on the existing interface (landscape or 
vertical), end-users would like to choose between 
showing the available information about each contour 
type in one row or in one column. 

 PROBLEM B: Users need to group potteries by one 
criterion, and change this grouping criterion 
continuously in order to detect hidden subsets 
(dynamic groups of related data following a criterion) 
or relationships among them. 

 PROBLEM C: Users need to focus the level of 
importance on one subset, but also maintaining 
contextual information, such as the proportion 
between this subset and the total of data available. For 
instance, the user highlights the group of decorated 
potteries but wants to maintain the information about 
the percentage of non-decorated potteries (contextual 
data). 

 PROBLEM D: Users need to identify easily subsets 
displayed in the interface (for example, using same 
colour or same size). This way, end-users can 
recognize similarities or differences among data 
quickly. 

 PROBLEM E: Users need to visualize one strongly 
temporal attribute of the pottery information: the 
conservation state. This attribute can change its value 
(restored, deteriorated, destroyed) depending on 
preservation activities of each pot. 

Apart from all the technological challenges, we have also 
the challenge of analysts’ skills. The analyst must face up to 
how to represent all these interaction requirements abstractly. 
There are well known models to represent data (UML class 
diagram) and behavior (UML activity diagram). However, 
there is not a notation widely used to represent interaction 
features, even though there are some standards, such as 
Interaction Flow Modeling Language [32]. As a mechanism to 
help analyst in the interface specification and to reuse 
interface solutions, we propose the definition of Rich Internet 
Application (RIA) patterns to face with all the interaction 
problems of data-analysis systems. The definition of the set of 
guidelines based on RIA specification help us to offer a 
description of a problem and a solution [33] in an abstract and 
structured way. Next section describes the guidelines 
identified to solve all the technological challenges previously 
described.  

IV. DESIGN GUIDELINES DEFINITION 

This section identifies a set of design guidelines and 
explains them in detail according to the most common 
specification structure of RIA solutions [34]: a title, a 
problem, a context of application and a solution. In addition, 
the specification includes a motivation to explain why we 
should use each guideline. These guidelines aim to solve 
challenges identified previously and to build a repository of 

 

Fig. 1. Overview of defined guidelines per levels 



solutions for the development of data-analysis systems.  

Existing research in interaction and design modeling[35] 
has identified the need of working with different abstraction 
levels to define abstract solutions. The classification of 
solutions from highest to lowest level of abstraction allows to 
encapsulate behavior in levels and to reuse single guidelines or 
patterns in more complex solutions specification [35]. 
Following this approach, we define three levels of guidelines: 

 Level 1: Data-analysis Assistance Unit. This is 
composed by one single unit: the Data-analysis 
assistance unit. This artifact encapsulates interaction 
units available to assist users in performing data-
analysis tasks identified. This guideline is an abstract 
representation of a menu to navigate through 
interfaces. Note that since we have only one pattern 
in level 1, we do not describe more elements of this 
level in next sections.  

 Level 2: Interaction Units. This identifies Interaction 
Units (IU). An IU is an abstract representation of an 
interface that will be used by end-users to carry out 
analysis tasks. Each IU can be seen like a container 
that gathers a set of individual guidelines identified in 
the third level.  

 Level 3: Individual Guidelines. This identifies 
Individual Guidelines inside IUs. Each individual 
guideline can be used in several IUs. An Individual 
Guideline is an abstract representation of a widget in 
the interface with a specific behavior. 

All the guidelines that compose the suite showed in Fig.1 
are explained in detail in next sections, explaining the solution 
provided in each case to solve the related challenges. A 
guideline represented with a grey background highlights the 
guideline used in our case study. 

A. Level 2 

1) Structure IU. 
a) Problem: Users need a view of the structure used in a 

dataset, independently of the information displayed.  

b) Context of application: The user demands to visualize 
the structure of the information in function of classes, 
attributes and associations.  

c) Solution: Organize the structure of the information 
contained in the dataset following object-oriented criteria 
(classes, attributes and associations) but also hiding technical 
aspects to the user (data types, database technical 
specifications). This solution deals with Challenge 1.  

d) Motivation: The analysis based on the structure of 
information is a common practice in data-analysis 
applications. For instance, the user can see attributes of 
different classes in order to decide whether or not the 
comparison of these classes is interesting and what criteria can 
be used for the comparison. 
 

2) Value-Combination IU.  

a) Problem: Users need features to search and evaluate 
data in function of the value of class attributes.  

b) Context of application: The user demands to search 
behaviors to classify data in function of the value of attributes.  

c) Solution: Organize the information contained in a 
dataset, allowing to change target classes for analysis and to 
show the information of these classes. This solution deals with 
Challenges 1, 2 and 4.  

d) Motivation: The analysis based on values of attributes 
allows the user to reason out statistical characteristics of the 
dataset. For instance, the user can evaluate attributes to reason 
out averages, percentages, etc.  

 
3) Conglomerate IU.  

a) Problem: Users need features to classify data 
contained in a dataset.  

b) Context of application: The user demands a dynamic 
mechanism to classify a dataset by criteria.  

c) Solution: Organize the information allowing the 
dynamic classification of datasets, improving user-friendliness. 
This solution deals with Challenges 2 and 4.  

d) Motivation: The analysis based on classifications 
helps the user to understand the main entities presented in a 
dataset and data-deviations. For instance, the user can detect 
deviations regarding outliers or atypical values. 

 
4) Trend IU. 

a) Problem: Users need features to deal with the 
composition of elements within a dataset.  

b) Context of application: The user demands to visualize 
a dataset depending on the compositions of elements.  

c) Solution: Organize the information in function of the 
number of elements that are part of a specific criterion and 
changes on their composition. This solution deals with 
Challenges 3 and 4.  

d) Motivation: The analysis based on composition allows 
the user to reason out trends in a dataset.  For instance, the user 
can see how many entities belong to a specific class during 
different moments. 

 
5) Timeline IU. 

a) Problem: Users need features related to time-oriented 
analysis, especially in the analysis of time-oriented attributes –
attributes with different values through time-.  

b) Context of application: The user demands to see 
changes in values of attributes through time and to relate them 
to other data. 

c) Solution: Organize the information to select, display 
and change time-oriented attributes in a time-oriented interface. 
This solution deals with Challenge 5.  

d) Motivation: The analysis based on time-oriented data 
allows the user to reason out temporal dependencies among 



data. For instance, the user can see how the values of two 
attributes change through time to analyze possible influences 
between them. 

 
6) Geographic Area IU. 

a) Problem: Users need features related to geographical 
analysis.  

b) Context of application: The user demands the 
visualization of data based on geographical attributes. 

c) Solution: Organize the information contained in the 
dataset in function of existing geographic information in a 
geographical-oriented interface. This solution deals with 
Challenge 5.  

d) Motivation: The analysis based on geographic 
information is a common practice in data-analysis applications. 
For instance, users can see data related to their source locations 
in order to detect geographical relationships. 

All Interaction Units are represented in Fig. 1 ordered by 
numbers from 2.1 to 2.6, belonging to level 2. 

B. Level 3 

1) Rows aggregation guideline.  
a) Problem: Users need a general view of information 

managed on interfaces with landscape orientation. In addition, 
there is a need of consistency amongst other visualization 
elements of the screen.   

b) Context of application: The user demands to visualize 
information in function of: a characteristic in a landscape 
interface –avoiding scroll behaviors-, a characteristic based on 
categories or based on intervals of values.  

c) Solution: Organize the information in rows, creating 
divisions per row in the interface. This allows an analysis from 
left to right with a good distinction between the categories or 
intervals of values. This solution deals with Challenge 1. 

d) Motivation: The analysis based on categories or 
intervals of values is a common practice in data-analysis 
applications. Rows aggregation can help distribute analysis 
results in landscape orientation intuitively.  

 
2) Columns aggregation guideline.  

e) Problem: Users need a general view of information 
managed on interfaces with vertical orientation. In addition, 
there is a need of consistency amongst other visualization 
elements of the screen.   

f) Context of application: The user demands to visualize 
information in function of: a characteristic in a vertical 
interface –avoiding scroll behaviors-, a characteristic based on 
categories or based on intervals of values.  

g) Solution: Organize the information in columns, 
creating divisions per column in the interface. This allows an 
analysis from up to bottom with a good distinction between the 
categories or intervals of values. This solution deals with 
Challenge 1. 

h) Motivation: The analysis based on categories or 
intervals of values is a common practice in data-analysis 
applications. Columns aggregation can help distribute analysis 
results in vertical orientation intuitively.  

 
3) Set guideline. 

a) Problem: Users need to visualize a set of data 
aggregated by a criterion.  

b) Context of application: The user demands to visualize 
information aggregated by a criterion, which is generally an 
attribute of a class. The result of this pattern is a set of groups 
that classify a dataset.  

c) Solution: Organize the information creating one 
element in the interface (sphere, bar, area, etc.) for each 
resultant group. This solution deals with Challenge 2. This 
pattern offers a mechanism to choose the aggregator attribute. 

d) Motivation: The analysis based on categories or 
intervals of values is a common practice in data-analysis 
applications. Set pattern allows an easier analysis, focusing on 
specific groups of a dataset. 

 
4) Additional information guideline. 

a) Problem: Users need to query information about some 
specific elements in an interface with much information. 

b) Context of application: The application of this pattern 
is to show contextual information avoiding popup windows or 
changes in the interface. 

c) Solution: Organize the information showing concrete 
information in a little overlaying element responding to a user 
action (mouse contact, click, etc.). This solution deals with 
Challenge 3. 

d) Motivation: The analysis to detect data within range 
and outliers is a common practice in data-analysis applications. 
If the user finds an unusual behavior of one sample, the system 
should offer additional information with a quick and non-
intrusive mechanism. This way, the user can infer possible 
causes.  

 
5) First Focus guideline. 

a) Problem: Users need to filter visual noise in a 
complex data interface.  

b) Context of application: The user demands to visualize 
several focuses or parts of some information showed in an 
interface with a high information density.  

c) Solution: Organize the information using shadows or 
a disable mechanism to focus on the most important 
information for the user. This solution deals with Challenge 3. 

d) Motivation: Interfaces to analyze several data involve 
having two or three focus of attention at the same time to 
analyze related data. This pattern offers a solution to cover the 
analysis needs without changes of interface. 

 
6) Colour assignment guideline. 



a) Problem: Users need to give semantic meaning to the 
relation between an interface element and a colour.  

b) Context of application: The user demands to easily 
identify groups or elements in interfaces with much 
information.  

c) Solution: Organize the information offering the user a 
mechanism to choose a colour to represent a set of data through 
all interfaces. In function of a criterion specified by the user, 
the interface colours a visual element (sphere, bar, area, etc.) 
that represents a set of data. This solution deals with Challenge 
4. 

d) Motivation: Colour selection provides an effective 
mechanism for non-intrusive grouping. Colour assignment 
pattern helps maintain a colour-logic through all interfaces. 

 
7) Size assignment guideline. 

a) Problem: Users need to give semantic meaning to the 
relation between an interface element and its size.  

b) Context of application: The same as Colour 
assignment pattern.  

c) Solution: Organize the information offering the user a 
mechanism to choose the role of the element size in the 
representation of information through all interfaces. In function 
of the criterion chosen, the interface changes the visual element 
size (sphere, bar, area, etc.). This solution deals with Challenge 
4. 

d) Motivation: The same as Colour assignment but 
referring to maintain a size-logic consistency through all 
interfaces. 

 

8) Scale relation guideline. 
e) Problem: Users need to show different values of 

attributes that can change through time. 

f) Context of application: The user demands to visualize 
time-oriented data, with phases and events related to a sample 
in a temporary context. In this case, the user needs two separate 
timelines to represent different facets of the phases or events 
associated to the data. 

g) Solution: Organize the information offering a 
mechanism to relate two different timelines in the same 
interface. This solution deals with Challenge 5. 

h) Motivation: There is no solution to show data from 
two timelines at the same timeline. Scale relation pattern 
represents two separate timelines in the same interface showing 
relations between them: overlapping between phases, 
correspondence between events, etc. 

All Guidelines are represented in Fig. 1 ordered by numbers 
from 3.1 to 3.8, belonging to level 3. 

 

V. GUIDELINES IN ACTION: VISUALIZING ARCHAEOLOGICAL 

INFORMATION 

We have evaluated our proposal through a case study. Note 
that there are several ways of performing an evaluation [36]: 
from a validation before the approach has been transferred to 
practice until the evaluation in a real context with real users. 
This section deals with a validation of our approach before its 
implementation in a real system. This type of validation suffers 
from predictions and some degree of uncertainty. However, it 
is the more suitable for an emerging approach where we aim to 
check it before spending any effort in their implementation in a 
practical setting. Next, we describe how guidelines previously 

 
Fig. 2. Value combination guideline implementation with some guidelines of level 3 referenced to support problems A, B, C, D 



defined for any data-analysis system can be used in the 
specification of our case study. As case study, we continue 
with the development of a system for visualizing 
archaeological information, describing how problems identified 
in Section 3 are solved with guidelines proposed. 

Regarding Problem A, we can apply the guidelines of level 
3, Rows aggregation or Columns aggregation –depending on 
the interface position - to organize a large amount of data in the 
screen. In our example, we aim to display all information 
related to pots. In Fig. 2, we are applying both guidelines at the 
same time: Rows aggregation shows information about the 
shape of pots and Columns aggregation shows information 
about the decoration of pots.  
 

Regarding Problem B, we can apply the guideline of level 3 
Set to group ceramic pots by decoration and shape. Moreover, 
Set shows the number of ceramic pots in each group. Thus, the 
user can perceive each group as a whole and compare them to 
each other.   

To solve Problem C, we can apply the guideline of level 3 
Additional Information: Fig. 2 shows the average size of the 
pottery’s fragments in each group as a tooltip when the user 
moves the mouse over a specific group. This information is 
relevant for a deeper data-analysis: groups of ceramics that 
contain fragments with a small aver-age size indicate that the 
pots were quite broken and belonged to other complete pots. 

 
Regarding Problem C, we also apply the guideline of level 

3 First Focus: if the user clicks on a ceramic group, the 
interface emphasizes this group, leaving the rest of the 
interface elements in the background. In Fig. 2, if the user 
would like to focus on the group of decorated pots with balloon 
shape, the system will disable with a grey background all the 
elements of the interface except for the black sphere. Thus, the 

interface shows the same set of information, but with an 
additional emphasis on a particular area. 

Regarding Problem D, we can apply guideline of level 3 
Colour assignment to apply different colours depending on the 
shape. In addition, we apply guideline of level 3 Size 
assignment: the size of the icons reflects the number of 
elements in proportion to the full dataset. As we can see in Fig. 
2, these guidelines help indicate similarities and differences 
among created groups. 

As we can see, Problems A, B, C and D are related to in-
depth analysis of ceramic pots data based on the values of their 
attributes; mainly shape and decoration. The Value-
Combination IU (level 2) can be applied to solve these 
problems, encapsulating level 3 guidelines with a grey 
background in Fig.1. 

 
Regarding Problem E, we can apply the guideline of level 2 

Timeline Interaction Unit to support analysis of time-oriented 
attributes of ceramic pots, in our case, “Conservation State” 

and “Preservation Event”. Within this guideline, we apply the 
guideline of level 3 Scale relation. As we can see in Fig. 3, the 
different values for the attribute “Conservation State” of one 
specific ceramic pot are showed in a temporal scale. In the 
temporal scale we can see the different values through time. 
For instance, in 1985 the conservation state of the pot was very 
good, whereas in 1996 was semi-destroyed. The different 
values of “Preservation Event” correspond to activities of 
preservation carried out in the analyzed ceramic pot. In this 
way, the user can know which preservation activities were held 
in the ceramic pot and on which date, analyzing their potential 
impact on the state of the pot through time, including the 
current state of the ceramic pot. 

As we can see in Fig. 2 and Fig. 3, guidelines of level 3 can 
be reused through different IUs of level 2. This allows us to 

 
Fig. 3. Timeline guideline implementation and level 3 guidelines referenced to support problem E 



share the same solution in several IUs. For example, Fig. 2 and 
Fig. 3 share the guidelines Additional Information and Colour 
Assignment in different contexts. Both Fig. 2 and Fig. 3 are 
accessible through a menu specified with the pattern of level 1 
Data-analysis Assistance Unit.   

In conclusion, the hierarchy of guidelines offers a catalogue 
of interaction solutions depending on the granularity of the 
problem: concrete problems are specified in level 3; more 
general problems related to deep analysis tasks are defined in 
level 2; and the data-assistance unit is defined in level 1, which 
encapsulates all the behaviors of the system. 

VI.CONCLUSIONS AND FUTURE WORK 

Applications focused on assisting users in the process of 
taking decision based on data require interaction solutions for 
data-analysis tasks. The definition of interfaces that implement 
these data-analysis tasks is not trivial, since they involve much 
functionality and interactive features. We have identified a set 
of guidelines to specify the definition of interfaces for data-
analysis systems to reduce technological challenges and to help 
the analyst in interface design. Identified guidelines are 
domain-independent and they provide a design tool to improve 
end-user experience and to increase the level of assistance in 
data-analysis tasks. These guidelines have been extracted from 
a study based on interviews with end-users and developers of 
eight data-analysis systems in the cultural heritage domain. 

This research is an initial point in the study of new 
interaction mechanisms in rich application that manage large 
amount of data. Identified guidelines emerge from end-users’ 
needs in the perspective of data-analysis, but most of them can 
be useful for other related purposes (data reporting, control 
tasks, etc.) 

 The classification of guidelines in levels allows us to 
manage the abstraction and to combine simple guidelines to 
model more complex interaction mechanisms. All the possible 
combinations result in a high variety of possible interfaces to 
specify.  

The use of a well-known specification structure based on 
RIA patterns to define the guidelines facilitates design tasks 
without constraints in implementation, as well as the creation 
of a repository with interaction solutions to reuse in different 
development projects, independent of platform and 
programming language. The developer decides the 
implementation for each solution during next steps of the 
software development. Note that ensuring the appropriate 
solution in implementation terms is a developer’s 
responsibility. The repository only offers all the available 
solutions to interact with data-analysis systems. 

Our future work focuses on four different aspects. First, we 
are interested in the deep evaluation of these design guidelines 
with a significant amount of users, in order to detect new RIA 
patterns. Patterns can only be defined when solutions of design 
guidelines are used by several developers in the development 
of several systems. 

Second, we plan to define a set of guides to show which 
combinations of patterns are the most suitable to improve 
usability. Recommendations of patterns combination may 
depend on the type of user, context and tasks to optimize 

effectiveness, efficiency and satisfaction according to ISO 
25010. 

 Third, we are interested in the connection between defined 
guidelines and the cognitive process that the user is per-
forming in data-analysis tasks. The case study used in this 
paper illustrates how existing problems in the domain can be 
solved through design guidelines. Our goal is to go one step 
further and identify the connection between the application of 
guidelines as a design solution and the improvement in the 
cognitive process that supports the guideline application. For 
instance, if we have several guidelines to represent a 
comparative process, which one presents better results in these 
comparative tasks? 

Finally, we continue working in the detection of new needs 
of interaction in analysis tasks with large amount of data. The 
goal is to identify new design solutions that allow us to solve 
existing problems in the human analysis of big data, 
independently of domain. 
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