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ABSTRACT

In this paper, it is presented a study to evaluate 
and compare the effectiveness of eight different 
interfaces based on visualization techniques to 
carry out searching digital resources according 
to knowledge area and knowledge representation 
scheme. The navigation structure is based on hi-
erarchical taxonomic representation through the 
use of Art and Architecture Thesaurus (AAT). It 
was adopted principles of Human Computer In-
teraction (HCI) for the development of search 
interfaces through information visualization tech-
niques. Finally, it will be presented preliminary 
results in order to evaluate the most representa-
tive aspects to carry out the development of visu-
al search interfaces of learning objects in digital 
repositories, according to principles of visualiza-
tion techniques and hierarchic taxonomic classi-
fication.

RESUMEN

En este trabajo se presenta un estudio para evaluar 
y comparar la eficacia de ocho interfaces basados 
en técnicas de visualización, para llevar a cabo la 
búsqueda de recursos digitales a partir de un área 
de conocimiento y un esquema de representación 
de conocimiento. La estructura de navegación se 
basó en la representación taxonómica y jerárquica 
a través del uso de un tesauro de Arte y Arqui-
tectura (AAT). Hemos adoptado principios de In-
teracción Persona Ordenador (IPO) para el desa-
rrollo de diferentes interfaces a través de técnicas 
de visualización de información. Por último, se 
presentan los resultados prelimnares, con el fin de 
evaluar los aspectos más representativos para lle-
var a cabo el desarrollo de interfaces visuales para 
la búsqueda de objetos de aprendizaje en reposito-
rios digitales, a partir de una técnica de visualiza-
ción y clasificación jerárquica y taxonómica.

INTRODUCTION

In recent years, digital repositories have had 
a representative impact on their technologi-
cal development due to exponential increase in 
the number of digital resources published. This 
growth of digital resources has led to the devel-
opment of several strategies, namely: i) (in terms 
of technology) the development of distributed 
repositories, heterogeneous repositories and fed-
erations of repositories as central access points 
to each of them (McGreal, 2008), ii) (in terms of 
semantics) the use of linking knowledge classifi-
cation schemes by using ontologies and thesauri 
to provide a better understanding an organization 
of digital resources, and finally iii) (in terms of 
access) the strategies designed to offer metadata 
descriptions. This latter strategy turns out to be 
an essential condition in order to search results 
within a digital repository (Cechinel, Sánchez-
Alonso, & Sicilia, 2009).

The assessing of visual interface that we presents, 
is part of our proposal research in progress, about 
how through visualization techniques, we aim to 
help creators on digital repositories to provide 
better services for users to: i) locate materials of 
a precise manner and effective form through an 
extensive collection of digital resources, ii) lo-
cate materials according to a thematic structure or 
knowledge area, and finally, iii) identify effective 
interfaces to performing browsing and searching 
processes over digital resources.

This paper presents a preliminary study for as-
sessing the effectiveness of eight different in-
terface designs, for help users to search digital 
resource according to a knowledge area. Each 
interface included a set of terms based on the 
same hierarchical representation structure of Art 
and Architecture Thesaurus (AAT), to carry out a 
search of a specific word in the knowledge area of 
“styles and periods”.
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PREVIOUS EFFORT IN THE FIELD

To perform a search process, repositories pro-
vide accessing alternatives, some of them visual, 
through the use of user interfaces. However, pre-
vious research found that these interfaces do not 
meet all the needs of users (Tenopir, 2003). Us-
ers through interfaces, have difficulty finding re-
sources (Khoo, Kusunoki, & MacDonald, 2012), 
and the resources discovered are not always rele-
vant to search (Nash, 2005). Navigation problems 
appear when returning to previously accessed reg-
istries (Jeng, 2005). Also limitations to combine 
navigation and search methods (Hartson, Shiva-
kumar, & Pérez-Quinones, 2004) do not allow de-
ploying (at a glance) the materials available in the 
repository by thematic classification (Hitchcock 
et al., 2003; Tsakonas & Papatheodorou, 2008). 
Therefore it is difficult to establish whether it is 
worth looking for materials on the repository, or 
if it more convenient to use other external search 
strategies. On the other hand, the most represen-
tative learning objects repositories in Europe pro-
vide, at least, a visual representation scheme to 
search digital resources. For example: i) Merlot 
(Merlot, 2012), by textual categories and textual 
search, ii) MACE (Stefaner et al., 2007), by se-
mantic, social and contextual search, iii) Ariadne 
(Ariadne, 2013), by textual categories, iv) E-LE-
RA (E-LERA, 2013), through textual search, v) 
E-LIS (E-LIS, 2013), by textual category and tex-
tual search, and finally, vi) Organic-Edunet (Ma-
nouselis et al., 2009), by semantic, category and 
textual search. However, the access for each of 
them in some cases needs additional information 
to understand the use of search methods.

Recently in the field of digital repositories, visual 
search methods have also emerged. Some meth-
ods are focused on an adequate level of access 
to digital resources. The MACE project (Stefaner 
et al., 2007) proposes several alternatives of vi-
sual search (semantic, social and contextual) for 
accessing digital resources in the area of “design 
and architecture” through classification strate-

gies involving: keywords, location, competition, 
social area and facets (Stefaner & Muller, 2007). 
These studies focused on perspectives that use 
various navigation routes together with social 
labeling. The result of this study suggest that; 
firstly, the principles of navigation with multiple 
facets facilitates immersion processes through ac-
tivities of collaborative tagging (Stefaner et al., 
2009) and secondly, that the definition of meta-
data is essential for improving search processes 
through contextual-search strategies.

Several authors agree (Aula & Käki, 2005; But-
tenfield, 1999; Hargittai, 2004; Hearst, 2009), 
that one of the fundamental principles for build-
ing search interfaces focus on the simplicity of 
them. For that reason, it is very important to ana-
lyze the interface from the point of view of the 
users, which is the main aim of HCI, in order to 
maximize user satisfaction. Therefore, usability 
strategies within the HCI field are an important 
factor in the development and evolution of the in-
terfaces found in both libraries and digital reposi-
tories (Buttenfield, 1999; Fox et al., 1999; White 
& Roth, 2009). Other studies (G. Marchionini, 
2006; White & Roth, 2009) specifically focused 
on strategies for searching and browsing capa-
bilities to locate digital resources on this type of 
interfaces, demonstrated that conventional search 
and exploration strategies are not sufficiently 
robust nor flexible, to facilitate locating and ac-
cessing a collection of digital resources. In terms 
of efficiency, the results of those studies demon-
strate that visual interfaces often lead to an unde-
rutilization of metadata information far below the 
full semantic potential, even though these visual 
interfaces are key to enrich the process of find-
ing digital resources in a specific knowledge area 
(Cechinel et al., 2009; Fernández, 2001).

METHODOLOGY

To perform this analysis, we took as a case study 
a collection of more than 42,800 Europeana  
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digital resources, classified according to a branch 
of knowledge domain by AAT. Europeana is a vir-
tual European library aimed to collect and make 
available the largest possible amount of Europe’s 
cultural resources in digital form. On the other 
hand, AAT is a macrothesaurus developed by the 
Getty Foundation (Soergel, 1995). Its coverage 
area is art, architecture and materials related to 
the cultural world, and specifically to the Euro-
pean cultural heritage.

The taxonomic classification around the knowl-
edge area of “styles and periods”, allowed us 
to identify the set of terms in order to visualize 
the navigation structure of each interface. Eight 
search interfaces were developed based on infor-
mation visualization techniques. Thus, through 
Human Machine Interaction strategies (HCI) 
based on Marchionini and Nielsen (Gary Mar-
chionini, 2008; Nielsen, 1994a) the navigation 
structure was assessed at effectiveness levels in 
order to determine which of the visualization 
techniques provided better interaction capabili-
ties for locating digital resources according to 
the topics of each term selected. This work was 
carried out in the three phases, as illustrated in  
figure 1. 

heritage present in Europeana. Subsequently, a 
process was conducted to extract certain amount 
of digital resources within Europeana. Such ex-
ploration was carried out according to the AAT 
(Gaona, Sanchez-Alonso, & Fermoso, 2012). 
This process allowed us to define the classifica-
tion of Europeana digital resources, and also to 
define a strategy for finding digital resources in a 
hierarchical fashion by designing a classification 
structure in terms of thematic areas, defined by 
AAT.

DEVELOPMENT OF INTERFACES

For our experiments we have taken interfaces 
that are publicly available, and technically we 
have adapted them so that they could adequately 
represent the part of the taxonomy that we were 
interested in. In order to this, all the interfaces 
were developed on an Open-Source-API based 
on means of the Infovis (Fekete, 2004) project 
and also by adapting an open-source graphical in-
terface called Relation Browser (Stefaner, 2009). 
This was achieved by using ActionScript to eval-
uate the hierarchical structure of XML-format-
based data. In the following section we analyze 
with more in details the type of interfaces used 
for our study.

Types of visualization interfaces

In order to develop interfaces, we identified eight 
visualization strategies, represented through 
graphical visualization techniques (Herman, Mel-
ancon, & Marshall, 2000). Each interface was 
loaded with the same taxonomic structure of the 
terms, related to the topic of “styles and periods” 
in the AAT thesaurus, and also with the num-
ber of digital resources explored in Europeana. 
By clicking on a node or link, a representation 
of a term in the thesaurus is obtained. Users can 
view the term’s classification and the number of  
digital resources associated with each term. Fig-
ure 2 shows the eight interfaces.

Figure 1. Working model and methodology proposed 

Source: Own elaboration.

Preparation of resources to explore

We identified a total of 118 terms related to the 
topics of “styles and periods” of AAT thesaurus. 
We selected this topic according to aspects like 
their good taxonomic reference, classification and 
depth level. In the same manner, because this cat-
egory terms are related to thematic-relation level 
regarding to digital resources on topics of cultural 
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 ● Tree interface: It’s a classic visualization, 
used commonly for the search of files in ope-
rating systems (Herman, et al., 2000). 

 ● Radial interface. A visualization technique 
that allows the central location of nodes to be 
consulted (Eades, 1990). 

 ● Radial-Search interface: This technique pre-
sents additional components at graphical  
level; in particular, it lays nodes with diffe-
rent sizes according to the number of digital 
resources associated with the term. 

 ● Relation interface: It is a radial visualization 
technique, which only permits seeing the 
terms related to the level of hierarchy con-
sulted through its navigation structure. Thus 
hiding the terms related to levels above or 
below the current category. 

 ● Sunburst interface: It works around both  
focuses and context techniques such as inte-

raction strategies, through zooming and pan-
ning in an elliptical manner (Stasko, Catram-
bone, Guzdial, & McDonald, 2000). 

 ● Hypertree interface: This hyperbolic-structu-
red technique (Lamping & Rao, 1996) allows 
selection of nodes by using zooming and pan-
ning techniques. 

 ● Treemaps Interface: It is a visualization tech-
nique that displays all the hierarchical struc-
ture of all available spaces on screen by using 
rectangular slices (Shneiderman &Johnson, 
1991). 

 ● Icicle interface: It is a visualization techni-
que that facilitates the representation of terms 
using a hierarchical clustering (Noik, 1993).

With the purpose of applying these techniques, 
next section we explain principles and methods 
through HCI to implement our visual search in-
terfaces. 

Figure 2. Design of visual interfaces trough visualization techniques

Source: Own elaboration
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Principles of HCI implemented in interfaces 

For the development of the search interfaces, 
some principles of HCI were also considered to 
facilitate the process of browsing and interaction 
with users. At exploration level, various browsing 
methods were implemented. According to Mar-
chionini (G. Marchionini, 1997), these methods 
allow the definition of strategies in order to search 
information, and according to Lin (Lin, Soergel, 
& Marchionini, 1991), these methods facilitate 
the visualization of large amounts of information 
so that the user can perceive either structures or 
relationships or both. At interaction level, zoom-
ing strategies were determined to increase or 
decrease the map’s navigation and panning and 
so making it possible to explore the entire term 
structure to be searched. Through the zoom strat-
egy, focus and context techniques (Lamping, Rao, 
& Pirolli, 1995) were also applied. Strategies that 
facilitate the focus node to be visually highlight-
ed were used; these strategies also blur the other 
nodes associated with other levels of lower-inter-
est hierarchy. 

At navigation level, information was determined 
to be deployed through maps of categories accord-
ing to the taxonomic structure. This facilitates 
browsing the semantic content activity regarding 
a particular knowledge domain (Card, Mackinlay, 
& Shneiderman, 1999) by means of the collection 
of terms offered by the AAT thesaurus. This inter-
action would allow users to have a better sense of 
location for the terms to be searched.

Results of the usability tests

According to the objectives of the analysis and 
also to the recommendations defined for studies 
in the field (Nielsen, 1994b), 32 participants were 
selected for the tests. All participants were mid-
dle-aged, good levels of study, with a good level 
of English, and they were also fluent at handling 
web applications at the user level. Instead, care-

ful consideration was given to their knowledge of 
search methods and interfaces, which along with 
the other aforementioned data were collected in 
a questionnaire. This section presents the evalua-
tion results obtained from the tests performed at 
interaction level.

Interaction test results

Depending on the number of interfaces, distri-
bution was performed according to the number 
of user interfaces to cover every aspect of a re-
liability assessment (Nielsen, 1994b). Given the 
purpose to recognize each interface, a process 
of recognition was performing in a learning test. 
This test consisted in select one search interface 
in order to interact with structure classification, 
and forms to visualize information in the inter-
face. One expert in usability assigned randomly 
an interface for each participant (different to the 
interface selected by participant when make the 
learning test) to locate another set of terms and 
perform the same activity (search a set of term 
and identify the number of resources and taxo-
nomic classification of each term).

Figure 3 shows the results from a subjective as-
sessment of users with respect to the properties of 
the interaction level associated with navigability, 
classification and ease of use.

Figure 3. Evaluation results of participants (1 = low 
satisfaction, 5 = high satisfaction) 

Source: Own elaboration.
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Figure 3 shows the evaluation results of the three 
aspects of usability (navigation, classification and 
ease of use) according to users’ experience with 
each interface, where 1 is the lowest and 5 the 
highest rating. This process identified icicle, ra-
dial-search and tree as better interfaces (than the 
others) in a subjective opinion of users, evaluated 
based on three aspects of interaction.

Results according interface classification

After all the individual aspects reported in the 
previous sections, we wanted to have a look at 
the overall assessment. This analysis of aggre-
gated results according to the four visualization 
strategies defined in the study process is shown 
in figure 4.

term, by defocusing the rest of categories within 
the interface at graphical level and thereby gener-
ating loss of visibility of other categories. Anoth-
er common problem with these type of interfaces 
was the form that interfaces were visually repre-
sented the terms in the navigation structure, that 
is, in a not very clear way (very often overlapping 
some terms), when the category of the term was 
selected. This resulted in losing all visibility of 
terms that were presented within the same hier-
archy level of taxonomy with a large number of 
terms. 

The icicle interface achieved better focus (atten-
tion) through the evaluation process, presented 
some of the best results (close to the radial-search 
interface). This interface allowed gradually, the 
visual representation of hierarchic system-level 
navigation. On the other hand, at visual level, 
like radial-search interface, icicle interface easy 
allowed the identification of digital resources ac-
cording to the proportion of each node queried in 
the navigation structure.

Descriptive statistical test results

We performed a descriptive statistical analysis of 
usability relevance according to others attributes 
of usability. Table 1 summarizes the results of 
means and Standard Deviation (SD) for all inter-
faces according to user profile with high levels of 
relevance.

Table 1 presents the results according to user pro-
file. The comparison between profiles demonstrat-
ed that participants with more active preference 
for the tree interface are researchers (mean = 3.40 
SD = 0.70) and masters’ students (mean = 4.20 
SD = 0.85). Interface icicle was the interface with 
a better satisfaction between secondary education 
students (mean = 4.33 SD = 0.57) and university 
students (mean = 4.00 SD = 0.78). On the other 
hand, radial-search was the interface with more 

Figure 4. Results in terms of usability (by types of in-
terfaces)

Source: Own elaboration.

Figure 4 presents a high average rating for radial-
type interfaces, interfaces that during the process 
of evaluation performed well in terms of interac-
tion regarding the three aspects of usability. The 
results presented for the hyperbolic type of inter-
faces are showed low valoration values. One of 
the main problems that were identified with these 
types of interfaces was the loss of focus that the 
interface exhibited when users were selecting a 
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satisfaction for university students (mean = 4.50 
SD = 0.65) and secondary education students 
(mean = 3.80 SD = 1.10).

In table 2 we summarize the results of all interfac-
es with regards to others evaluation criteria that 
users made in usability test.

Table 1. Summary for interactions according to user profile (1 = low satisfaction, 5 = high satisfaction) 

Profile Icicle
Radial 
Search

Tree Radial Relation Treemaps Sunburst Hypertree

Researchers

Mean 3.1944 1.5278 3.5050 2.8750 3.3333 1.1806 2.1528 .83

N 9 9 9 9 9 9 9 9

SD 1.00993 .70649 .70649 .98821 1.03645 1.83404 1.59684 .625

Secondary 
education 
students

Mean 4.3350 3.8050 3.4625 2.5625 2.4375 .5000 2.6875 1.38

N 10 10 10 10 10 10 10 10

SD 0.57478 1.10365 .85645 1.19497 2.42064 .49301 1.38350 1.581

Master 
students

Mean 2.3214 2.5893 4.2014 3.2143 2.4107 .7143 .9821 2.95

N 7 7 7 7 7 7 7 7

SD 1.47524 1.27213 0.8517 .91491 1.41737 .75937 1.56696 1.065

University 
students

Mean 4.0000 4.50917 3.1875 3.6042 3.3333 1.0417 1.1458 2.71

N 6 6 6 6 6 6 6 6

SD 0.78812 .65691 1.46575 1.33561 1.79699 .51031 1.78609 1.094

Source: Own elaboration.

Table 2. Summary for interactions in features usability categories (1 = low satisfaction, 5 = high satisfaction)

Interfaces Classification Navigation Aesthetic Ease of Use

Treemaps
Media 1.5 1.75 2.5 1.5

SD 1 0.9574 1 0.5774

Tree
Mean 4 3.5 2.75 4

SD 0 0.5774 0.5 0

Sunburst
Mean 2 2.25 2.75 2.25

SD 1.4142 1.2583 0.9574 1.2583

Relation
Mean 2.75 3 3.25 2.5

SD 0.9574 1.4142 1.5 1

Radial-search
Mean 3.75 3.5 3.25 3.75

SD 0.5 1 0.9574 0.5

Radial
Mean 2.75 2.5 3.5 2.75

SD 0.5 0.5774 1 0.5

Icicle
Mean 3.5 4.5 3.25 4.25

SD 1 0.5774 1.5 0.9574

Hypertree
Mean 1 1 1.5 1

SD 0 0 0.5774 0

Total
Mean 2.656 2.75 2.844 2.75

SD 1.26 1.3198 1.1103 1.2952

Source: Own elaboration.
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Table 2 presents the results according to the case 
study, which demonstrates in general a positive 
attitude towards each attribute related to ease of 
use, navigation and classification on interfaces 
(tree, icicle and radial-search). In order to facili-
tate the search process of large data structures, 
the most noteworthy interfaces that presented a 
good usability through hierarchical depth, were 
icicle, tree and radial. However radial interface, 
cannot visualize a good classification, because 
the method of displaying digital resources is still 
quite limited for the user at graphical level.

CONCLUSIONS

One of the advantages to be reflected in the visu-
alization techniques evaluated is that these tech-
niques present a general overview of contents of 
the whole collection of digital resources. This 
means that users are able to continue the search 
process, and deepen on those branches or levels 
of hierarchy, with the possibility of displaying 
a greater or lesser number of digital resources. 
Therefore, this type of search strategies could be 
a key factor to integrate these types of visualiza-
tion techniques, according to user profiles which 
is focused the repository, in order to increase the 
use of learning objects repositories, and improve 
traffic thereof.

Although a search process through information 
visualization improve the access of digital re-
sources trough graphical and taxonomic represen-
tation schemes, it is clear that displaying all the 
information about each of the nodes represents 
a serious problem of usability. The unfolding 
of all levels of a taxonomic hierarchy structure, 
requires the definition of a suitable technically-
tiered deployment, which allows users to obtain a 
hierarchical view of the thematic structure.

In performing with a preliminary study of usabil-
ity according to all visualization strategies, par-
ticipants had a greater preference for the evalu-

ation of activities related with knowledge areas 
represented by a number of digital resources over 
aspects associated with exploration or interaction 
aspects. For example, one of the visual phenom-
ena which are reflected throughout the study was 
that the interfaces who presented proportionally 
different types of sizes in their nodes, allowed 
capturing greater attention by participants in or-
der to identify terms with greater or lesser num-
ber of resources. These criteria it allows them to 
make decisions about improving the access to a 
collection of digital resources. Through our ex-
periments we can remark that i) radial type in-
terfaces aesthetically represent a good alternative 
for the user, however are not effective in the pro-
cess of exploration, ii) ease of use of a graphical 
interface depends on the interaction of the hier-
archic structure of navigation, and finally iii) the 
greater visual components of support, greater the 
level of acceptance of interfaces. For example, 
additional mechanisms for textual searches using 
AJAX methods, through visual links or path navi-
gations to determine hierarchy level that users are 
searching to advance or go back in the explora-
tion process.

On other hand, tree interface showed good results 
in the evaluation of its navigability-level as well 
as in classification, according to their subject im-
pression. These results are reflected in the ease of 
use associated with the interaction level and the 
location of resources. For this reason, it is often 
mentioned as the favourite interface, possibly be-
cause most people are used to using folder trees 
in the interfaces of computer operating systems. 
In addition to this, these interfaces mark a naviga-
tion path that leads the participant to clearly un-
derstand a certain level of the navigation structure.

Future work will attempt to include a complete 
study of usability and more elements into the 
search results, such as relevant digital resources 
evaluated by users in a framework. Some work is 
already in progress in this direction. The results 
of this usability test, will provide us a guide to 
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perform an integration for the best visualization 
techniques (selected from the results of this re-
search), for the development of a visual search 
framework. The framework will permit an in-
tegration of the assessment criteria through rat-
ings in the digital resources by a user communi-
ty. These criteria of evaluation might constitute 
a key factor to improve search results through  

a mechanism that would allow the deployment of 
relevant digital resources. The analysis through 
social “likes” criteria, could be a key factor to ex-
plore whether search results of digital resources 
rated with this criteria is regarded as really good, 
or relevant, by the repository. And, therefore, if it 
could become a system of digital resources rec-
ommendation within the users community.
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