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Abstract: VDL (Visual Distinctive Language)-based iconic knowledge tags are graphically structured icons for 
knowledge representation. VDL was developed and assessed to enhance the connection of  iconic tags and the 
connection of  tagged knowledge. The purpose of  this paper is to present further investigation on an arrange-
ment method for these special tags as well as the characteristics of  better tag presentation in knowledge or-
ganization systems (KOS). An online experiment was conducted to compare tagging results of  four types of  
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icons helped users to tag given articles with more appropriate tags in less time. Users identified better tag structure in this type of  tag 
presentation. This in-depth work of  VDL-based iconic tags is among the first to investigate how to visually structure knowledge tags, a 
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1.0 Introduction 
 
Knowledge Organization Systems (KOS’s) (Hodge 2000) is 
a general term referring to the tools that present the organ-

ized interpretation of  knowledge structures. It is intended 
to encompass all types of  schemes for organizing knowl-
edge. KOS’s includes classification schemes that organize 
materials at a general level (such as books on a shelf), sub-
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ject headings that provide more detailed access, and au-
thority files that control variant versions of  key informa-
tion (such as geographic names and personal names). They 
also include less-traditional schemes, such as semantic net-
works and ontologies. A structured KOS serves as a bridge 
between the user's information need and the material in 
the collection. With it, a user should be able to identify 
boundary objects of  interest (Bowker and Star 1999) with-
out prior knowledge of  its existence. Whether through 
browsing or direct searching, whether through themes on a 
web page or a site search engine, the structured KOS 
guides the user through a discovery process. 

Knowledge tags (henceforth “tags”) are employed to 
organize, share, and search information in KOS’s. These 
short textual labels can be regarded as the keywords to im-
ply the categorization of  knowledge. For example, when an 
item of  knowledge is marked by the tag “bus,” it is consid-
ered to be sorted into the category “bus,” while upper cate-
gories such as “transport,” or sub-categories such as “mini-
bus,” might also be available. Tags of  KOS’s and their struc-
ture work as dynamic knowledge organization access (Kipp 
and Campbell 2010). Users are able to annotate sharing 
knowledge in KOS by predefined and recommended tags. 

New tags proposed by experts and users could be in turn 
added into certain category for potential searching use. 

A tag cloud selects and presents a limited number of  
tags in a KOS to make a simple presentation of  knowl-
edge. It is visual interaction between users and knowledge 
resources by tagging. Besides the visual features of  tag 
clouds such as size, color or font weight (Bielenberg and 
Zacher 2005; Shaw 2008; Bateman et al. 2008; Rivadeneira 
et al. 2007), a lot of  previous studies tried also to find out 
which type of  tag arrangement would improve the interac-
tion quality of  textual tag clouds (Kerr 2006; Chen et al. 
2009; Knautz et al. 2010). Compared to several arrange-
ment approaches, the most acceptable view on this issue 
was to semantically structure tag clouds (Schrammel et al. 
2009). A whole tag cloud could be regarded as the combi-
nation of  several clusters with the tags in each cluster rep-
resenting topic-related terms. 

In our research we are no longer interested in the tag 
arrangement of  textual tag clouds. However, we need to 
make use of  these empirical results for our new form of  
tags—VDL-based iconic tags (VDL stands for Visual Dis-
tinctive Language) (Figure 1). In former work (Ma and 
Cahier 2012), VDL-based iconic tags were created and 

 
Figure. 1. Examples of  VDL-based iconic knowledge tags in the field of  sustainability (upper for 

topics and lower for attributes) 
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validated to improve the limits of  textual tags, like incom-
prehension of  tag meaning and neglect of  controlled vo-
cabulary structure of  tags (Kipp and Joo 2010). They also 
contributed to improving visual thesauri (Shiri and Revie 
2005), which bears more on social knowledge tags. How-
ever, tags for the former test were all randomly arranged; 
in other words, tags semantically related were not strictly 
clustered. To complete the conceptual proposition of  
VDL-based iconic tags, we continue to investigate how to 
arrange them for knowledge tagging in KOS’s. Meanwhile 
observation on semantically structured textual tag clouds 
will be also verified whether applicable or not to VDL 
clouds. The results will be meaningful to the theoretical 
foundation of  iconic tag clouds that can be implemented 
in KOS’s and other tag-concerned systems. It could as well 
be meaningful to large-scale icon systems where icons are 
the main knowledge entities instead of  a functional part. 

In the next section, we will review the state-of-art of  
the semantic tag relations and semantically structured tex-
tual tag clouds. A presentation of  previous work on VDL-
based iconic tags in section two will specify the context of  
research and clear the motivation of  this deeper study. 
Then section three will explain what semantic arrange-
ment of  VDL-based iconic tag clouds means and our hy-
pothesis. A tagging test will be presented to confirm our 
hypothesis and discuss the characteristics of  a better tags 
presentation in KOS. 
 
2.0 Background 
 
Before discussing the tag arrangement of  VDL-based 
iconic tags, we need first to look back on the studies about 
tag arrangement of  textual tags: what is defined as the 
semantic relations among tags and why semantically struc-
tured tag clouds have more advantages. In the latter part 
of  the background, more details will also be presented 
about VDL-based iconic tags and the empirical demon-
stration of  former experiments. All of  the information is 
expected to give complete motivation on the research of  
semantic tag arrangement of  VDL-based iconic tags. 
 
2.1 Semantic relations within tags in KOS 
 
The representation of  tag structure (a group of  tags in 
KOS) is as important as that of  each single tag. On one 
hand, an explicit tag structure facilitates finding and finding 
again later an appropriate tag in a large group of  tags. 
While searching tags for specific knowledge tagging pur-
poses, relations among them allow users to find several al-
ternatives referring to the closed topics. This leads to 
deeper comparison and selection among them in order to 
make better tag choices. On the other hand, tag structure 
offers a possible link between documents tagged by these 

tags. When tags reach a semantic consensus, knowledge 
tagged by them may be intuitively considered associated by 
common topics or attributes. This connection of  docu-
ments is useful especially when dispersed documents are 
represented without clear categorization. Clear tag struc-
ture enhances the implicit network of  tagged knowledge in 
KOS which provides easier organization and seeking. 

In spite of  the vocabulary problem existing (Sen et al. 
2006; Downey et al. 2008; Macgregor and McCulloch 
2006; Ames and Naaman 2007), there has been accumulat-
ing evidence suggesting that emergent structures do exist 
in social tagging systems (Golder and Huberman 2006; 
Cattuto et al. 2007). Most importantly, these emergent 
structures do seem to have the potential to help users to 
explore information by providing meaningful organization 
and indexing of  information resources. Despite the diverse 
backgrounds and information goals of  multiple users, co-
occurring tags exhibited hierarchical structures that mir-
rored shared structures that were “anarchically negotiated” 
by the users. 

To explore the hierarchical relations between tags, an in-
tuitive way is to cluster the tags into hierarchical clusters. 
Wu et al. (2006b) used a factorized model, namely Latent 
Semantic Analysis, to group tags into non-hierarchical top-
ics for better recommendation. Brooks and Montanez 
(2006) argued that performing Hierarchical Agglomerative 
Clustering (HAC) on tags can improve the collaborative 
tagging system. Later, HAC was also used for improving 
personalized recommendation (Shepitsen et al. 2008). 
Heymann and Garcia-Molina (2006) clustered tags into a 
tree by a similarity-based greedy tree-growing method. 
They evaluated the obtained trees empirically, and reported 
that the method is simple yet powerful for organizing tags 
with hierarchies. Based on Heymann and Garcia-Molina’s 
work, Schwarzkopf  et al. (2007) proposed an approach to 
modelling for users with the hierarchy of  tags. Begelman et 
al. (2006) used top-down hierarchical clustering, instead of  
bottom-up HAC, to organize tags, and argued that tag hi-
erarchies improve user experiences in their system. Most 
of  the hierarchical clustering algorithms rely on the sym-
metric similarity among tags, while the discovered relations 
are hard to evaluate quantitatively, because one cannot dis-
tinguish similar from not-similar with a clear boundary. 

People have also worked on bridging social tagging sys-
tems and ontologies in the semantic way (Fu et al. 2010). 
Mika (2005) proposed an extended scheme of  social tag-
ging that includes actors, concepts and objects, and used 
tag co-occurrences to construct ontology from social tags. 
Wu et al. (2006a) used hierarchical clustering to build on-
tology from tags that also use similar-to relationships. 
Later, ontology schemes that fits social tagging system were 
proposed, such as (Van Damme et al. 2007) and (Echarte et 
al. 2007), which mainly focused on the relation among tags, 
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objects and users, rather than among tags themselves. Pas-
sant (2007) mapped tags to domain ontologies manually to 
improve information retrieval in social media. To construct 
a tag ontology automatically, Angeletou et al. (2007) used 
ontologies built by domain experts to find relations be-
tween tags, but observed very low coverage. Specia and 
Motta (2007) proposed an integrated framework for orga-
nizing tags by existing ontologies, but no experiment was 
performed. Kim et al. (2008) summarized the state-of-the-
art methods to model tags with semantic annotations. 

The idea of  a social-semantic web (Bénel et al. 2009) 
has emerged over recent years adopting the notion of  col-
laborative knowledge management (Ma and Cahier 2011). 
Contrary to the semantic web (Berners-Lee, 2000), the so-
cial-semantic web is not interested in formal semantics but 
in semantics depending on human subject and semiotic 
substrate. The knowledge model Hypertopic (www.hyper 
topic.org; see Zhou et al. 2006) was developed in the frame 
of  the social-semantic web. It proposes to describe an item 
through its topics, attributes and resources. For each item, 
pertinent topics are listed to mention which type of  subject 
is involved. These topics are supposed to be associated 
with certain viewpoints considered alongside potential us-
ers. In other words, the implied viewpoints represent the 
information goals of  various people. Attributes and their 
corresponding values provide also complementary and ob-
jective information that cannot be modified according to 
different users’ viewpoints. They are organized in pairs 
with the name and its values as a facet (Mas and Marleau 
2009). Talking of  resources, they characterize other vivid 

demonstrations of  items, such as illustrating photos, URLs 
of  websites or supporting document links. 

On one hand, Hypertopic proposes a knowledge cate-
gorization method, especially emphasizing the concept of  
viewpoint, which is significant in collaborative knowledge 
classification (Ma and Cahier 2011). As illustrated in Figure 
2, one item may be associated with more than one topic 
depending on subjects' viewpoints. Meanwhile the rela-
tions between two items can also be changed depending on 
them. For example, museum 1 and 2 are two items refer-
ring to the same topic category “educational place” from 
the viewpoint “function and value.” However they will be 
categorized into two different topic categories when talk-
ing about the viewpoint “style of  appearance”—museum 1 
in Baroque while 2 in Gothic. Possible sub-topics such as 
“Baroque in 15th century,” or “Baroque in 16th century” are 
supposed to continue specifying the period in which the 
style emerged. This type of  categorization emphasizing the 
concept of  viewpoint provides more flexible organization 
of  items (knowledge) in a KOS. Categories of  items are 
not solid but dynamic relying on users’ opinions. It also al-
lows collaborative participation of  categorization from 
various users to search and retrieve an item under the 
viewpoints they prefer, even create a totally new viewpoint 
without changing current knowledge structures. 

On the other hand, Hypertopic provides a meaningful 
structure to manage tags that stem from topics (view-
points) and attributes. Both topics and attribute values rec-
ommend textual tags to specify knowledge categorization. 
Topic can be regarded as the “special” attribute consider-

 
Figure. 2  Knowledge organization based on Hypertopic model: topics (viewpoints), attributes and 

resources (Ma and Cahier 2012) 
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ing “topic” as the attribute name. These tags allow Hyper-
topic-based knowledge tagging in which users are able to 
tag knowledge through its topics and attributes. For each 
topic (viewpoint) or attribute value, more than one possi-
ble textual expression may exist, in kinds of  synonym or 
languages. We consider them as a unit for a topic tag or an 
attribute tag, by which the tag structure is clearer and easier 
to be managed. All the topic tags are cataloged under the 
tree structure considering the common viewpoint as the 
“parent” node. Each topic tag may be followed by sub-
topic tags. The user is allowed to add new categories of  
topic tags by creating a parent node named “my view-
point.” This convenience encourages collaborative knowl-
edge management (Ma and Cahier 2011) and collective 
tagging. However, if  textual tags generated by Hypertopic 
are presented together without implying topic category or 
attribute name, the structure will be less explicit especially 
when users are not familiar with tag meaning. This prob-
lem is increasingly evident when tag numbers grow. In ad-
dition, sometimes one topic tag may be related with several 
topic categories. For example, renewable energy can be 
sorted in topic “energy” and topic “economy.” In this case 
one textual form expression cannot reflect all possible 
relevant categories. A more explicit representation is re-
quired. 
 
2.2 Semantically structured tag clouds 
 
Although semantic relations do exist within tags, tag ar-
rangement based on semantic clustering was not largely ac-
cepted at the beginning. Previous studies considered differ-
ent types of  arrangement to improve better interaction of  
tag clouds. Halvey and Keane (2007) investigated the ef-
fects of  different tags clouds and listed arrangements 
comparing the performance for searching specific items. 
The setup included random and alphabetically ordered lists 
and tag clouds. Semantic ordering was not part of  tested 
setups. They found that respondents were able to more 
easily and quickly find tags in alphabetical orders (both in 
lists and clouds). Rivadeneira et al. (2007) compared the 
recognition of  single tags in alphabetical, sequential–
frequency (most important tag at the left-upper side), spa-
tially packed (arranged with Feinberg’s algorithm) and list-
frequency layouts (most important tag at the beginning of  
a vertical list of  tags). Results did not show any significant 
disparity in recognition of  tags. However, respondents 
could better recognize the overall categories presented 
when confronted with the vertical list of  tags ordered by 
frequency. Hearst and Rosner (2008) discuss the organiza-
tion of  tag clouds. One important disadvantage of  tag 
cloud layouts they mention is that items with similar mean-
ing may lie far apart, and so meaningful associations may 
be missed. 

The following studies started to focus on semantic rela-
tions within tags and tried to represent it in textual tag 
clouds. Hasan-Montero and Herrero-Solana (2006) 
claimed that the alphabetical arrangements neither facili-
tate visual scanning nor infer semantic relations between 
tags. They discovered that the users have difficulty com-
paring tags with small size and derived semantic relations. 
There might be wrong relation-interpretation with items 
placed near to each other. They proposed an algorithm us-
ing tag similarity to group and arrange tag clouds. There-
fore, they developed a k-means algorithm to group se-
mantic similar tags into different clusters and calculate tag 
similarity by means of  relative co-occurrence between 
tags. Similar work can be found in (Provost 2008). Like-
wise, Fujimura et al. (2008) use the cosine similarity of  tag 
feature vectors (terms and their weight generated from a 
set of  tagged documents) to measure tag similarity. Based 
on this similarity they calculate a tag layout, where distance 
between tags represents semantic relatedness. Another 
very similar approach is proposed by (Berlocher 2008). 

An empirical evaluation of  semantically structured tag 
clouds (Schrammel et al. 2009) has demonstrated that 
topical layouts (semantically-structured tag clouds) can 
improve search performance for specific search tasks 
compared to random arrangements, but they still perform 
worse than alphabetic layouts. The semantic arrangement 
must be good enough otherwise users will not be able to 
distinguish it from random layouts. Semantic layouts 
therefore should only be used when the quality of  the ar-
rangement can be assured. Test participants also com-
mented that it was difficult to identify clusters and rela-
tions beyond single lines. 

 
2.3  Modelling well-structured iconic tags using Visual Distinctive 

Language  
 
VDL-based iconic tags are well-structured icons working 
for better representation of  tag structures and single tags. 
Because the semiotic representation of  icons has been 
largely studied already, we are more interested in visualiza-
tion of  tag structures than in choosing symbols for each 
iconic tag. However the conclusion on imaged informa-
tion (Paivio 1971) is as well accepted. To visualize the tag 
structure in KOS’s, it has to first confirm the way of  or-
ganizing tags, and then iconize them as well as their struc-
ture. Tags in KOS’s can be regarded as the keywords to 
specify possible knowledge categorization, which means 
structuring tags is, in fact, recommending a method to or-
ganize information and knowledge. 

The idea is to benefit from the categorization of  tex-
tual tags made by Hypertopic (from topics and attribute 
values) and iconize it for better visualization of  separate 
tags and their structures (see Figure 3) (Ma and Cahier 
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2012). Here we think of  the simplest case, one-tag-one-
icon tags, where one recommended tag corresponds to 
each topic and attribute value. What’s more, one iconic 
symbol represents the current textual tag although various 
symbols can explain the same tag meaning. However, this 
approach will be extended equally for the many-to-many 
case where no constraint of  textual tags and icons is ap-
plied. For example, the tag “nature” could also coexist 
with “mode of  life,” “environment,” and other synony-
mous (or closed expressions) in different languages. This 
tag “nature” will be represented by iconic symbols of  
trees, flowers and other possible signs. No matter whether 
one-to-one or many-to-many cases, the tag structure is al-
ways consistent with the knowledge organization accord-
ing to Hypertopic. As long as tags in given KOS obey this 
structure, we can iconize them in the same way. 

The symbolic characters of  icons convey explicitly the 
represented objects, while graphical characters help visual-
ize relations within them. In particular, a special group of  
icons called “pre-icons” function to signify the categories 
of  tags in a KOS: the same viewpoint, the same branch of  
topic or the same attribute name. Pre-icons act as the 
common base of  iconic tags. Tags in each category will be 
specified by combining symbols with this corresponding 
iconic base. Nevertheless a pre-icon for attribute name is 
useless in some cases. For example, when iconizing the at-
tribute values of  “language,” it is clear enough to repre-
sent them independently with national flags. 

All the pre-icons in this model can be explained as a 
“graphical organizer” named Visual Distinctive Language 
(VDL) (see Figure 4), which aims to visually characterize 
the categorization made by Hypertopic protocol. Here the 
“language” is a wide notion (instead of  a spoken word) 
that allows communicating with each other in a relatively 
effortless way (Nakamura and Zeng-Treitler, 2012). We call 
it Visual Distinctive Language because it provides visual 
consensus (pre-icons) on information structure (distin-
guishing one category from another). Users who accept it 
could communicate under this visual convention, like 
knowledge sharing, one of  the communication means in 
KOS. 

Among six visual variables illustrated by Bertin’s 
graphical semiotic theory (Bertin 1983), three are in less 
accordance with the purpose of  tag structure representa-
tion: size, orientation and value. It is difficult to distin-
guish two iconic tags in different sizes, different orienta-
tions or different values depending on the conditions of  a 
computer screen. Considering aesthetic reasons, icons are 
preferably designed in unified size for software applica-
tions. Limited choices of  orientation and value also make 
it less possible to design large scale tag presentations. 

By contrast, three visual variables—shape, colour and 
texture—are chosen to create the pre-icons of  VDL. For 
topics tags, all tags under common viewpoint are first de-
signed by uniform shape (pre-icon), and then those sorted 
into different topic categories will be added with another 

 
Figure 3. Iconized topics and attributes—two elements of  Hypertopic—to form well-

structured iconic tags (Ma and Cahier 2012) 
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visual variable colour to form updated pre-icons. Since 
topics tags are catalogued in tree structure, new visual vari-
ables would still have been added to create pre-icons for 
lower branches. However, on one hand the number of  vis-
ual variables is limited; on the other hand excessive visual 
variables reduce the readability of  iconic tag structures. To 
provide clearer and simpler VDL, iconic topic tags from 
the second level will always keep the same pre-icon without 
being distinguished by a new visual variable. 

The graphical rule is similarly applied to attribute tags. 
Attribute name is directly iconized into coloured shapes 
(pre-icons) and then attribute value is detailed by joining a 
symbol onto it (except special cases as mentioned in the 
preceding paragraph, such as “language”). The chosen 
colours in Figure 6 show an example of  the idea of  visual-
izing tag categorization by graphical variables, yet without 
a strict colour choice test. However, colour and shape are 
supposed to interact in VDL, neither is the dominant vari-
able. Considering colour-blind cases, the version in black 
and white is created as well. Variable colour will be re-
placed by texture (see Figure 6) while preserving all the 
other rules from the coloured version. The final version 
of  both iconic topic tags and iconic attribute tags bears no 
visual difference unless specifically marked for their origi-
nality. However, pre-icons allow indicating those from the 
same category of  viewpoint, topic or attribute name. 

To evaluate how VDL-based iconic tags improve tag 
presentation in KOS’s, we have done the first “tagging on 
paper” experiment in 2011 (Ma and Cahier 2012). Consid-
ered that tagging effectiveness is a complex subject associ-
ated with numerous user-related cognitive factors, this ex-
periment focuses on whether VDL-based iconic tags help 
finding more usable tags to annotate knowledge in KOS 
by visual representation of  tags and tag structures. Figure 
5 shows three tested tags: textual tags, iconic tags without 
explicit structure and VDL-based iconic tags. 

Across several tests in the experiment, early results 
demonstrated that VDL-based iconic tags have more ad-
vantages compared with iconic tags without structure and 
textual tags. Participants announced they easily located and 
located again later a tag from a tag presentation essentially 
through graphical tag structure and partly through iconic 
symbols. The knowledge resources tagged by VDL-based 
iconic tags were also supposed to be strongly connected in 
a KOS. The former test allowed us to confirm the first hy-
pothesis on VDL-based iconic tags: visual codes of  VDL 
improve knowledge tagging in a KOS. However there was 
no discussion of  tag arrangement methods (all the tags in 
the experiment were arranged randomly). 

Consequently, in this paper, we propose to produce a 
more in-depth study of  VDL-based iconic tags. More pre-
cisely, we propose to: 
 

– verify whether a conclusion on semantically structured 
textual tag clouds can be applied to VDL-based iconic 
tag presentations; and, 

– develop a supplementary experiment to get more com-
plete view on how to construct better VDL-based 
iconic tag presentations, which will be meaningful for 
creating iconic tag clouds in KOS’s. 

 
3.0 Semantic arrangement method  

for VDL-based iconic tags  
 
Several arrangement methods are available for textual tag 
clouds, such as alphabetic arrangement, random arrange-
ment, folksonomy-based arrangement, or semantic (lin-
guistic-based) arrangement. While for iconic tags, only 
random arrangement and semantic arrangement are con-
sidered according to tag format. Since former studies dem-
onstrated that semantically-clustered textual tag clouds 
yielded better tag presentation and interface, we are con-
sidering similarly semantically clustering VDL-based iconic 
tags. First we define what semantic arrangement refers to 
for VDL-based iconic tags. 

Tag presentation in KOS’s is dynamic wherein users 
choose recommended tags for thier own tagging and 
searching goals and in turn update useful tags for later use. 
Thus the tag arrangement should be convenient both for 
locating an existing tag and for adding new tags. VDL-
based iconic tags improve the limits of  textual tags in 
knowledge tagging. The symbolic characters of  icons con-
vey explicitly the represented objects and the graphical 
characters enhance connection among tags and docu-
ments tagged. In particular, a special group of  icons called 
“pre-icons” function to signify the categories of  tags: the 
same viewpoint, the same branch of  topic or the same at-
tribute name (tag structure proposed by Hypertopic). Pre-
icons in VDL act as the common base of  iconic tags. The 
tags in each category will be specified by combining sym-
bols with this corresponding iconic base. Here we still 
think of  the simplest case, the one-to-one tag-icon case as 
mentioned in section 2.3. However, this approach will also 
be extended for the knowledge tags to which no vocabu-
lary (symbol) constraint of  textual tags (icons) is applied. 
In that many-to-many case, more than one textual tag 
(icon) will be proposed for knowledge in each category. 

The semantic relations within VDL-based tags are in-
tegrated from both graphical relations and semiotic rela-
tions of  icons taking advantage of  Visual Distinctive Lan-
guage. Thus the semantic arrangement means iconic tags 
with the same pre-icons will be clustered. To arrange the 
tags in one category (one viewpoint, one branch of  topic 
or one attribute name) requires only to put the tags with 
the same graphical characters together (same colour, same 
shape). Particular tags from different topic branches of   
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Figure 6.  Semantic arrangement of  VDL-based iconic 

tags (taking an iconic tag cloud for example) 
 
the same viewpoint are displayed closer together (see Fig-
ure 6). It is hypothesized that this type of  tag presentation 
will present clearer boundaries of  tag clusters than those 
randomly arranged. Users might find and add tags easily 
even they do not understand completely icon representa-
tions. The semiotic interpretation of  tag meaning will be 
concerned less since not only icon symbols but also pre-
icons confirm the categorization of  tags. 

Because semantically structured textual tags have been 
studied before, we investigate only semantically structured 
VDL-based iconic tags and semantically structured iconic 
tags without explicit structure, taking comparison with 
those randomly arranged. Here iconic tags without explicit 
structure perform as a control group to see whether tag 
format or tag arrangement is more important for tag pres-
entation. It is assumed that semantically structured VDL-
based iconic tags will facilitate locating and relocating tags 
for knowledge tagging. 
 
4.0 Experiment 
 
A computerized experiment was conducted to investigate 
the tag arrangement for VDL-based iconic tags. There 
were four types of  iconic tag presentations in this experi-
ment (four groups A, B, C, D shown in Figure 7). Com-
parison took place in three sessions: group A and group B 
(to see whether semantic arrangement improves tag pres-
entation for no visual structure iconic tags compared to 
random tags); group C and group D (to see whether se-
mantic arrangement improves tag presentation for VDL-
based iconic tags compared to random tags); group B and 
group C (to see whether semantic arrangement or VDL-

based icons are more critical to improving tag presenta-
tion). Particularly, comparison between group A and group 
C has been made in a former study (random arrangement 
of  two types of  iconic tag clouds). Each group of  partici-
pants was asked to tag 24 given documents (like a simu-
lated KOS) by using the tags from tag presentations. We 
assume that users in group of  VDL-based iconic tags and 
semantically arranged tags will find more appropriate tags 
(greater accuracy) in less time (speedier) compared to other 
patterns. In addition, we also traced participants’ behaviors: 
the time spent to tag an item and its changing tendency, the 
frequency of  asking for the instruction and the proportion 
among tags considered to choose and those finally being 
chosen. 
 
4.1 Participants 
 
Forty-eight French speaking students, 26 male and 22 fe-
male with computer science as their master major in the 
University of  Technology of  Troyes participated in this 
experiment. They were divided into four groups corre-
sponding to four types of  tested tag systems: group A for 
iconic tags without explicit structure and randomly ar-
ranged (12 persons); group B for iconic tags without ex-
plicit structure and semantically arranged (12 persons); 
group C for VDL-based iconic tags and randomly ar-
ranged (12 persons); group D for VDL-based iconic tags 
and semantically arranged (12 persons). 
 
4.2 Material 
 
The material for this online experiment included four types 
of  tag presentations (see Figure 7), and 24 knowledge arti-
cles (see Figure 8). Tags in each presentation are knowl-
edge tags referring to seven topical categories (from two 
viewpoints) and three attribute names on the topic of  sus-
tainable development. Tag presentation type one (type 
three) differs from type two (type four) on the tag ar-
rangement while type one (type two) and type three (type 
four) differ on the tag format. We chose the same icon 
symbols for all four presentations to avoid the impact on 
semiotic interpretation (icon choosing). What we wanted 
to test was the influence produced by visual structure and 
arrangement of  iconic tags. The twenty-four web articles 
were the same as those used in the first experiment. They 
were short texts with a large range of  interest in the field 
of  sustainability and each is represented by title, image and 
description. 
 
4.3 Procedure  
 
This experiment was composed of  three parts: pre-
questionnaire, tagging test and post-questionnaire. There 
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was no unified time constraint over the whole process but 
it proceeded without permit to suspend. All of  the 
participants logged into the system with their e-mail ad-
dresses and assigned passwords. The system produced 
automatically for each of  them a group code in order (A1, 
B1, C1, D1, A2, B2, C2, D2 .... ). The letter of  this code 
corresponded to the type of  tag presentation they used. In 
order to understand the level of  prior knowledge in the 
field of  sustainable development, each participant first 
completed a pre-questionnaire of  10 questions: five con-
cerned academic knowledge in the field while others were 

about personal understanding and awareness of  sustainable 
development. 

Once participants finished pre-questionnaires, they 
started tagging texts using given tags. A “Help” button was 
displayed in the upper right corner to give instruction if  
necessary. A double left click on an icon allowed submit-
ting it into a tag-selection zone (choose an iconic tag) while 
a double left click on the icon in the selection zone was to 
return it to the former location of  tag presentations; as 
well a simple right click on the icons made corresponding 
text of  the icon visible. Participants could confirm tagging 

 Randomly Semantically 
(by categories) 

Iconic tags without explicit structure 

 
Group A, Type 1 

 
Group B, Type 2 

VDL-based iconic tags 

 
Group C, Type 3 

 
Group D, Type 4 

Figure 7. Four groups and their corresponding tag presentations in the online tagging test 

 
Figure 8. Tagging test platform and articles to tag (example of  item 1 for group B) 
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choices for an article and continue on to the next one by 
clicking the button “next item.” Once a tagged text was 
confirmed, it could not be modified. Similarly, an untagged 
item could not be shifted up to the next one. When par-
ticipants clicked the “finish the tagging” button on the final 
article, they arrived at the post-questionnaire to test tag 
structure identification using the four types of  iconic tag 
presentations. They had the same operation of  clicks as be-
fore to submit and cancel an icon. However, they could no 
longer get help from the textual meaning of  iconic tags. 
The post-questionnaire was used in order to explore which 
type of  iconic tag presentation explicates better semantic 
tag clusters. 

Additionally, several new variables were also tested in 
this experiment. First, tagging duration was one of  these 
variables. We were interested not only in average tagging 
duration for one item, but also in any changing tendency 
from the first article to the last one. Second, the propor-
tion between chosen tags (tags selected) and final tags (tags 
confirmed for one item) was also meaningful. Here se-
lected tags were placed in the tag selection zone while con-
firmed tags were those tags finally appearing in the tag se-
lection zone when clicking “next item.” This proportion 
could also be seen as the probability of  confidence. The 
higher the average proportion was, the more participants 
were confident with their choice of  tags. This percentage 
also implied the understanding level and learning result of  
iconic tags and their structure. Finally, asking for instruc-
tion revealed whether users had difficulty on operations in 
the test. This statistical record was considered as part of  
the prior knowledge.  

 
4.4 Results 
 
4.4.1 Prior knowledge test 
 
Each question in the pre-questionnaire had one correct an-
swer from three options (a, b or c). A participant who 
managed to find that answer won one point while a par-
ticipant who could not find it did not earn any points. Af-
ter the test, there was a list of  points earned (10 in total) by 
each person. Participants whose point total was above or 
within the range from 6 to 2 were not considered in the fi-

nal analysis. That is to say, they were excluded from the av-
erage level of  the prior domain, which influenced the out-
come of  the experiment. Individual difference also was 
implied by the frequency of  clicks on the “Help” button. 
Participants who asked more frequently for “Help” could 
show a worse understanding of  the test. Levene’s homoce-
dasticity test2 revealed no significant heterogeneity between 
the variances on the score in the pre-questionnaire 
(P=0.572) and instruction reading (P=0.812). The mean 
scores on the pre-questionnaire for the four groups were 
8.5 for group A, 8 for group B, 8.4 for group C and 9 for 
group D. An ANOVA conducted on the subjects’ per-
formances in the pre-questionnaire revealed no significant 
difference (F<1). As far as the instruction reading was 
concerned, the mean times were 2 for group A, 1.7 for 
group B, 1.7 for group C and 2.2 for group D. The per-
formances of  the subjects revealed also no significant dif-
ference (F<1). The two results suggested that there was no 
significant individual difference on the prior knowledge 
test which could influence the later tagging test.  
 
4.4.2 Tagging process 
 
Here we must first explain the method of  evaluating the 
tagging process that was applied in the former experi-
ment. Two factors were considered in the evaluation: tag-
ging quality (more appropriate tags found) and tagging 
speed (less time spent to tag). The method for analyzing 
the quality of  tagging remained the same as in the previ-
ous experiment (Ma and Cahier 2102) using an expert ma-
trix and Rx2 criterion, which will be explained below. 
Eighty-seven tags each had a unique tag number from 1 to 
87. Five experts on sustainability were invited to tag the 
texts with these 87 tags. For each text, they were required 
to rank all of  the chosen tags with a number from 0 to 5 
to represent the degree of  correlation. Five indicated that 
the tag was certainly relevant to the item while 0 meant 
not relevant. The average of  the five experts comprised a 
matrix, called the expert matrix showing the correlations 
between tags and items (see Table 1). 

Similarly, the tagging result of  all the participants filled 
48 participant matrixes. The unique difference from the 
expert matrix was that the participant matrixes were filled 

 

Table 1. Expert matrix (on the left) and participant matrix (on the right) to evaluate tagging quality (Ma and Cahier 2012) 
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merely with either 1 or 0: 1 refers to the tags used while 0 
to the tags not marked in boxes. 

To analyze the tagging result of  participant x, the for-
mula below was applied. 
 

Rx=
 


87

1

24

1i j
ijij TPxTE

                                    

(1) 

TEij : number in row i column j of  the expert matrix  
TPxij : number in row i column j of  the participant 
matrix (participant x) 

 
Rx is a variable implying the tagging quality which refers 
to the degree of  appropriate tags that have been chosen. 
It reveals high quality of  tag cloud interactions such as lo-
cating and locating again useful tags considered relevant 
by experts. All the RXs in one group were considered as a 
one-dimensional table to perform an ANOVA analysis 
among groups. 

Tagging speed was originally reflected by the duration 
of  tagging, from the selection of  the first tag for the first 
text to the ending of  the final tag for the final text. The fi-
nal statistical results compared were Rx/tagging duration 
of  each participant, representing tagging quality in per unit 
time. Levens’s homocedasticity test indicated significant 
heterogeneity between the variances on the tagging proc-
ess: Rx/tagging time, P<0.05. Consequently, these per-
formances were analyzed using a nonparametric Kruskal-
Wallis test. This latter test implied a significant effect of  the 
semantically structured VDL-based icons on subjects’ tag-

ging performances, N=40, P<0.05. A more thorough 
analysis using a Mann-Whitney test indicated a significant 
difference between group D (M=342.1) and group C 
(M=238.2), Mann-Whitney U=32, P= 0.04. Similarly, the 
performances of  group D were significantly better than 
group B (M=215.2), Mann-Whitney U = 5, P <0.05. As 
demonstrated before, group A (M= 154.4) was signifi-
cantly poorer than group C, Mann-Whitney U = 15, 
P<0.05. In contrast, the performances obtained for group 
A and B did not differ significantly for the tagging process, 
Mann-Whitney U = 32, P=0.173. 
 
4.4.3 Time changing tendency 
 
Apart from average tagging time, dynamic change ten-
dency is also useful for analysing user behaviour. It can be 
seen from Figure 9 that users in four groups revealed 
close changing tendencies. Tagging duration decreased 
from item 1 to item 24 in all the groups without signifi-
cant difference emerging on the rate of  change. 
 
4.4.4 Post-questionnaire 
 
The critical prediction of  structural identification of  tags 
was to compare the categories proposed by participants 
with predefined VDL categories (seven categories of  top-
ics and three categories of  attribute names, the same as 
before). Participants who were in complete correspon-
dence with one of  these categories earned 2 points. Those 
whose category was partially correspondent were scored 1 

 

Figure 9. Average tagging duration for one article (four groups) 
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point. No points were awarded to participants who mixed 
more than one proposed category. From the name of  the 
suggested category we also knew whether they only identi-
fied the visual structure of  the tags by the graphical regu-
larity of  VDL or whether they understood the meaning of  
the tag and confirmed it by the graphical regularity. It was 
also assumed that the group working with VDL-based 
iconic tags and presented by category could offer more 
categories corresponding to the categorization of  tags, but 
maybe there would be the risk that two provisions of  
VDL-based iconic tags demonstrated the same capacity. 

After confirming that the homocedasticity of  the vari-
ances was not statistically significant (P<0.05), Kruskal-
Wallis test revealed a significant difference among four 
groups, H=40, P<0.05. More precisely, group D (M=12.4) 
performed significantly better than group B (M=1.6), 
Mann-Whitney U=8, P=0.001 and group C (M=3.2) 
Mann-Whitney U=12, P=0.004. As was observed in the 
former experiment, Rx of  group C was significantly 
higher than that of  group A (M=0.6), Mann-Whitney 
U=26.5, P=0.037. In contrast, group B did not obviously 
improve compared to group A, Mann-Whitney U=44, 
P=0.465. 
 
4.4.5 Selection proportion 
 
Levene’s test implied significant differences between vari-
ances in four groups (P=0.025). The latter Kruskal-Wallis 
test revealed no significant difference on selection propor-
tion among the four groups (P=0.149). 
 
4.5 Discussion  
 
The results are partially in accordance with out predic-
tions. Semantically structured VDL-based iconic tag pres-
entation showed better effectiveness in the tagging proc-
ess (considering tagging quality and tagging speed) than 
the other three types. 
 
4.5.1 Group C vs. group D to see whether semantic arrangement 

improves interaction of  tag clouds for VDL-based iconic tags 
compared to random arrangement.  

 
As demonstrated with textual tag clouds, semantically 
structured tag clusters led to a quicker and more accurate 
localizing of  specific tags. Similarly, semantically struc-
tured VDL-based iconic tags also revealed better guidance 
in tag selection. Compared between tag presentations type 
3 and type 4, semantically structured tags showed more 
clearly the layouts of  tag clusters using visual signals, such 
as different colours or different shapes. Instead of  spend-
ing time to identify VDL in group C, testers in group D 
got rapid graphical information about tag structure. Users’ 

comments implied some of  evidence. The participants in 
group D said that as soon as they saw tag presentations, 
they found clear icon categories represented in several 
graphical bases in common. In contrast, those in group C, 
although identifying the visual structure of  tags, took 
much more time than the semantically structured group to 
catch this implicit information. The significantly better 
performance on structure identification in the post-
questionnaire also validated this. 

The advantage of  semantically-arranged, VDL-based 
icons was demonstrated also in tagging topic-related arti-
cles. Users are likely to tag them with the same tags or at 
least with the tags in one category. For example, if  they 
tagged a text on environment with a green tag, this tag or 
other green tags was supposed to be used again for an-
other environmentally-concerned text. In the case of  ran-
domly arranged VDL-based iconic tag presentations, users 
knew that there were still other choices of  green tags in 
the display. However, these green tags again took time and 
risked omitting some that were not used before. Other-
wise semantically arranged VDL-based iconic tags might 
avert this problem. Green tags means all of  the green tags 
were always listed together. Once one tag in a category 
was found, all other tags in that category appeared one by 
one. Using this not only saves time localizing a tag, but 
also increases the tagging quality because all the alterna-
tives are listed together, with the same structure informa-
tion implied by visual code, influencing users’ selection 
accuracy and confidence. 

Similar to the explication in the previous experiment, 
users became accustomed to selecting the tags from each 
visual category. Finding and choosing a tag from 88 op-
tions turns out to be a choice from seven small groups. In 
semantically arranged VDL-based iconic tag presentations, 
this method was better applied. Most of  the testers in 
group D stated that they started the tagging process by 
consulting all the tag categories in every visual base, and 
then they preferred to locate at each visual category to se-
lect the useful tags. In group C, although they said they 
tried as well to choose tags from each visual category, it 
was not easy to find all icons in one category since they 
were scattered in the presentation. They always forgot 
which tag in this category had been browsed. When they 
decided to look back for a second ttime at a certain tag, 
they could not easily pick it out. 
 
4.5.2 Group A vs Group B (to see whether semantic arrangement 

improves interaction of  tag clouds for no visual structure iconic 
tags compared to random one). 

 
However, semantically-structured, iconic tags without ex-
plicit structure did not reveal significantly better perform-
ance on the tagging process compared with randomly ar-
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ranged groups, nor did they in the post-questionnaire. 
Testers in group A and B earned almost the same score in 
the identification of  tag structure. The semantically struc-
tured arrangement did not bring a supplementary effect. 
As declared in semantically structured tag clouds 
(Schrammel et al. 2009), the semantic arrangement must 
be good enough otherwise users will not be able to distin-
guish it from random layouts and semantic layouts. There-
fore it should only be used when the quality of  the ar-
rangement can be assured. Iconic tags without explicit 
structure did offer graphical interpretation of  tags, yet 
they did not provide visual information on tag structure—
semantic relations within them. Consequently, users used 
semantically arranged icons totally as they did randomly 
arranged icons, which was previously shown to be poorer 
than randomly arranged VDL-based icons (Ma and Cahier 
2012) in the tagging process. 
 
4.5.3 Group B vs Group C (to see whether semantic arrangement  

or VDL-based icons is more critical to improves interaction  
of  tag clouds). 

 
Seen from the assessment results, semantically-arranged 
tags improved the tagging process with the condition that 
the semantic structure was solid and clear enough for all 
users, as was demonstrated in group C and D. If  not, it 
will act just like randomly arranged tags, like A and B. 
How to define a solid and clear semantic structure or said 
semantic layout among a group of  tags is a crucial topic to 
discuss. On the one hand, if  tags are in text or in icons 
without explicit structure, they have to be in such high ac-
cordance with daily comprehension that users easily rec-
ognize the tag cluster, using less ambiguous words. On the 
other hand, if  tags can be sorted into several layers, they 
have to add complementary information for specifying 
their structure, such as VDL and pre-icons. Meanwhile, 
this information saves the users’ time identifying semantic 
layers because of  a more precise and intuitional tag struc-
ture. What’s more, testers in group C did better than those 
in group B, which also leads to an interesting argument. It 
is assumed that in tag presentations tag format (represen-
tation of  a single tag and its structure) is more essential 
than tag arrangement. Comparing group B with group C, 
one changes tag arrangement to semantically structured 
based on group A, while the other alters tag format by 
adding pre-icons to original icons in group A. However, 
the statistical results implied significant improvement be-
tween A and C (Ma and Cahier 2012) but not between A 
and B. In the absence of  visual structure tags, even though 
tags are semantically arranged, they will not ameliorate the 
tagging process. As a result, reforming tag presentation 
requires first making better representations of  tag and tag 
structure, and then implementing the arrangement. All of  

these observations on tag format and tag arrangement are 
meaningful to create visual tag clouds in a KOS. 
 
4.5.4 Other events 
 
Average tagging time of  group C and D was longer than 
that of  group A and B. It may be assumed that testers 
with VDL-based icons could find more appropriate iconic 
tags and they spent more time to select them considering 
pure tagging duration. In particular, testers using iconic 
tags without explicit structure merely selected limited 
icons because it was difficult to find more interesting tags 
among a huge number. Even though group D took a little 
longer tagging time, it still showed a significantly better 
tagging quality in per unit time, which signified that the 
pure tagging quality of  group D was much more higher 
than other groups, including group C. Tagging duration 
decreased from article 1 to article 24 in all four groups, 
which signified progressive user learning on tags and get-
ting skilled on tagging activity. It is assumed that the par-
ticipant could learn gradually the sense of  tags and their 
structure, and this could reduce tagging time. Meanwhile, 
the calculation of  change tendency enabled us to argue 
that no matter which type of  iconic tag was used, users 
showed similar changing regularity. 

In particular, there was no significant difference on the 
proportion between final tags and selected tags (as defined 
above). This proportion did not make any significant dif-
ference among the four groups, which could be partly illus-
trated by the argument in the former experiment (Ma and 
Cahier 2012) that both types of  iconic tags had equivalent 
capacity in tag interpreting and memorizing. From the pre-
sent experiment, we can enhance the argument by another 
explanation that two types of  arrangement, randomly and 
categorically, did not influence tag interpreting and memo-
rizing. Users are supposed to have a close degree of  confi-
dence due to comprehension of  tag representations. In 
other words, neither VDL nor semantically arranged struc-
ture will improve the comprehension and memorizing of  
tags except for the symbols of  iconic tags. 
 
5.0 Conclusion 
 
The research findings in this paper have validated semantic 
arrangement of  VDL-based icon tags providing better tag 
presentations for knowledge tagging. This advantage was 
mainly produced by visual representation of  semantic tag 
structures by pre-icons. The observation is relatively con-
sistent with that of  semantically clustered textual tags. It is 
seen once again that the semantic arrangement must be 
good enough otherwise users will not be able to distinguish 
it from random layouts. What’s more, results demonstrated 
that a tag format such as VDL-based is more critical com-
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pared to tag arrangement for knowledge tag presentations. 
This provides a possible interface for a KOS, such as tag 
clouds, to make a visual bridge between tags and knowl-
edge. Well-structured tag clouds need to be built up by 
VDL-based iconic tags and arranged by semantic clusters 
based on empirical observations. Meanwhile, the explicit 
structure of  tags will also help users in better understand-
ing and identifying the organization of  knowledge. 
 
Notes 
 
1.  Levene’s homocedasticity test is an inferential statistic 

used to assess the equality of  variances for a variable 
calculated for two or more groups. 

2.  Variable predefined to analyze tagging effectiveness 
among four groups. Details can be seen in the previous 
paper (Ma and Cahier 2012). 
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