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Abstract— The growing amount of available information on 
the internet makes the process of filtering appropriate 
information an increasing challenge. Because currently 
existing approaches provide insufficient results in many cases, 
we propose a new way of relating objects based on their usage. 
We assume that objects which are significantly often used in 
the same session are semantically related. Thus, we build a 
usage-based relatedness graph, apply a graph-based clustering 
algorithm and evaluate the results with respect to semantic 
similarity measures. Our approach takes the learning domain 
into special consideration; its evaluation is performed within 
the Learning Object Repository MACE.  

Keywords: text mining, clustering, usage data analysis, usage 
contexts, Contextualized Attention Metadata (CAM), learning 
object repositories, MACE 

I.  INTRODUCTION  
The amount of information available on the internet is 

ever growing. This makes the process of filtering 
information an increasing challenge for the user. Instead of 
aimlessly browsing through large amounts of data, users fall 
back on using filtering or recommendation services [1]. 
Filtering systems remove unwanted information while 
recommender systems suggest to the users what they should 
read, do, watch or listen to. Especially in the area of 
Technology Enhanced Learning (TEL) where users work on 
specific topics it is important that they are supported to find 
documents which are semantically related to their learning 
goals or currently used items. For this reason, we explicitly 
do not consider Collaborative Filtering techniques because 
they sometimes tend to fail in finding semantically related 
documents [3].  

To make use of automatic recommendation or advanced 
search services, a representation of the documents by 
semantic key features is required. To this end, most Learning 
Object Repositories (LORs) provide different kinds of 
metadata which are usually generated by manual creation or 
by automatic extraction of semantic features for each 
document. The automatic extraction of semantic features 
works well for text documents but produces insufficient 
results for other media types [10]. One way to avoid these 
drawbacks can be the use of social media technologies, in 
particular folksonomies. Social media technologies comprise 
metadata like ratings, tags or comments about resources 
which are created by a community. Especially tags provide 

an effective way to represent user interests and help the user 
to find documents about a specific topic [4]. A disadvantage 
of using such social metadata is that they have to be added 
by a community and thus often contain ambiguous tags or 
synonyms. Furthermore, it is not assured that each tag is 
correct which can lead to wrong results. 

Since both of the above mentioned approaches produce 
insufficient results we compensate these drawbacks by 
determining content relatedness of cross-media objects 
without relying on automatic semantic analysis or manual 
classification. We claim the hypothesis that the conjoint 
usage of data objects within a user session hints towards a 
semantic relatedness of these objects. We thereby 
presuppose that users in TEL scenarios work predominantly 
on only one task within one session. That is, if two objects 
are used within the same session then they are most probably 
related via the session task (e.g. learning math or history). 
This relatedness is a semantic/content-induced one, which 
e.g. means that both objects deal with a common 
superordinate concept [18]. We assume that the more often 
two objects are used together in different sessions, the 
stronger their usage-based and, thus, task-based connection 
is. Of course, we cannot assume that users are always fully 
focussed on one singular task: they take breaks and assess 
objects not related to their task. However, we expect that the 
usage-relatedness of semantically non-related objects will be 
rather weak and can be filtered out as noise in most cases. 

For testing our hypothesis, we monitor the document 
usage within a LOR, namely the MACE repository, and 
build a usage graph by connecting objects which have been 
used together within the same session. Next, we calculate the 
relatedness of the objects based on using different metrics 
like the relative frequency with which the two objects 
occurred in the same session and adapt the usage graph 
accordingly. We apply a graph-based clustering method on 
the so constructed usage-based relatedness graph and 
evaluate the resulting clusters with respect to semantic 
relatedness measures. 

Our approach is an exploratory one: we experimentally 
investigate the relation of usage and content, thereby taking 
some decisions ad hoc without proving their ‘necessity’ in 
advance. Our results, however, support that we are on the 
right track. 

The rest of the paper is structured as follows. Chapter 2 
introduces our approach of clustering objects based on their 
usage. Following our initial hypothesis we assume that the 



 

Figure 1.  single steps to build the usage graph 

objects within the usage-based clusters are semantically 
related. In chapter 3 we test this assumption, that is, evaluate 
our hypothesis. A summary is given in chapter 4. 

II. COMPUTING USAGE RELATEDNESS 
If our initial hypothesis that content-relatedness is 

positively correlated with usage-relatedness is true, then the 
sought-after procedure can be the following: we collect 
usage metadata by automatically observing user interactions 
with data objects, e.g. objects of a specific LOR. After 
building usage graphs by connecting documents that have 
been used together within the same session we define and 
calculate quantitative values of usage-relatedness and include 
these values in the graphs. Finally, we apply a clustering 
algorithm on the usage graphs and thereby generate classes 
of usage-related objects. According to our hypothesis, the 
members of these classes are not only related by usage but 
also by content. To test whether this is actually true, we 
evaluate the semantic similarities within the usage-based 
clusters. 

A. Usage Graph 
To represent the usage-based relatedness of objects we 

first built graphs containing all objects which were used by a 
specific user within one specific session: if user u1 uses the 
objects o1 and o2 within the same session, then u1 is related to 
both o1 and o2. It might be that u1 uses the objects more than 
once. To reflect this we weight the edges between u1 and the 
objects by the number of respective usages. The graphs in 
Figure 1.a represent two sessions of user u1. In the first 
session u1 used object o1 ten times and object o2 eight times; 
in the second session, she used o1 four times, o2 20 times and 
o3 only once.  

The first graphs relate users with objects. For directly 
relating objects, we removed the user nodes from these 
graphs but kept the – so far user-mediated – links between 
the objects. Moreover, we added a loop to each object node 
which is weighted by the frequency with which the object 
has been used within the session. The problem, still, is to 
determine plausible weights for direct links between objects. 
These edge weights can be determined in different ways, e.g. 
by considering the maximum, minimum or average value of 
the edges in the original graph. If the maximum value is 

chosen, objects that are used only once become strongly 
connected to the other objects used in the session. If, for 
instance, o3 has been used only once but another object o2 
has been used 20 times, then these objects are related by a 
weight of 20, which might be inappropriately high, 
especially when o3 has been accessed accidentally. In order 
to alleviate this unwanted effect, we chose the minimum 
value from the original graph. We admit that this decision is 
rather ad hoc and might be revised in future experiments. 
(Cf. Figure 1.b.) 

Building a graph for each user session can lead to huge 
numbers of graphs which is why we merged theses graphs 
into one. Again, the edge weights of the resulting graph can 
be determined in different ways, e.g. by choosing the 
maximum, minimum or average value, or by summing up 
the values of the individual graphs. We decided to apply the 
sum of the edge weights because contrary to the other 
approaches this raises the weight for often used items while 
the weight of rarely used items stays low. This seems to be 
reasonable, when significant usage-based relations are to be 
discovered. (Cf. Figure 1.c.) 

B. Relatedness Graph 
Since the relatedness of two objects is not shown in this 

graph yet, we describe different relatedness measures which 
can be applied on the merged usage graph. In the following 
we will present three methods to calculate the relatedness 
between objects based on the usage graph. The generated 
relatedness values are then stored in a new graph which will 
serve as basis for object clustering. The generation of the 
relatedness graph based on different measures is illustrated in 
Figure 2. 

1) Relative Frequency: The usage graph holds as edge 
weights the absolute frequencies of the joint occurrences of 
the objects represented by the corresponding nodes. One 
way to calculate the relatedness of two objects is to 
normalize these weights by considering the relative 
frequencies. The relative frequency of object o1 and object 
o2, with w(o1,o2) holding the weight of their connecting 
edge and w(o1)/w(o2) holding the sum of all edges of o1 and 
o2 respectively, is calculated as follows:  



 

Figure 2.  Graphs based on Relative Frequency, Jaccard Coefficient and Cosine Similarity 

 
The relative frequency is always a value between 0 and 1. 

Objects that were never used together get a relatedness value 
of 0. 

2) Jaccard Coefficient: The Jaccard coefficient can be 
applied to two sets of objects and states the ratio of the 
cardinality of their intersection to the cardinality of their 
union [7]. Relating to the usage graph in Figure 2, an object 
o is represented by the set of objects which have been used 
together with o at least once in the same session. Given the 
sets O1 and O2 representing the objects o1 and o2, the 
Jaccard coefficient is calculated as follows:  

 
The Jaccard Coefficient always has a value between 0 

and 1. Contrary to the relative frequency, objects that were 
never used together can get a relatedness weight higher than 
0 when their usage context – i.e. the set of objects they were 
used together with – are overlapping. 

3) Cosine Similarity: Calculating the cosine similarity 
requires a vector representation for objects. Each node of 
the usage graph is represented as a vector with n dimensions 
according to the number of objects in the graph. The value 
of each dimension is defined by the weight of the edge 
between two objects. The cosine similarity now measures 
the relatedness between two objects by finding the cosine of 
the angle between their respective vector representations. 
Given the vectors V1 and V2 representing the objects o1 and 
o2, the cosine similarity is calculated as follows:  

 
Similar to the Jaccard Coefficient, the cosine similarity 

always returns a result between 0 and 1 and objects that were 
never used together can hold a degree of relatedness greater 
than 0 when they share a common usage context, i.e. they 
were used with the same objects. 

C. Clustering: Iterative Conductance Cutting 
To cluster the objects based on the usage graph we can 

apply different clustering algorithms. A common approach 
for graph-based clustering is Markov Clustering (MCL). The 
main idea of MCL is that a “random walk that visits a dense 
cluster will likely not leave the cluster until many of its 
vertices have been visited” [6]. Since the probability of paths 
with a higher length are more common within clusters than 
between different clusters, the probabilities associated with a 
pair of nodes lying in the same cluster will, in general, be 
relatively large as there are many ways of going from one to 
the other.  

Since there is no guarantee that the MCL algorithm 
terminates we decided to apply Iterative Conductance 
Cutting (ICC) for clustering the graph which is similar to 
MCL regarding scalability [9]. The ICC starts with only one 
cluster and iteratively splits a cluster into two new clusters 
until the performance measure (conductance) is below a 
specific threshold. The conductance represents the relation of 
cross cluster edges to cluster internal edges. In other words, 
this approach gives greater importance to vertices which 
have many similar neighbours and lesser importance to 
vertices which have few similar neighbours. The iteration 
ends when there are no more clusters which can be split 
without violating the threshold. An exhaustive search of the 
split minimizing the conductance would be exponential in 
time complexity [8]. There thus exists an approximation for 
applying ICC using Eigenvalues and Eigenvectors which 
hint on existing clusters. 

III. EVALUATION OF THE USAGE-BASED CLUSTERING 
In this section, we describe the evaluation of the 

approaches described in section II. Therefore, we introduce 
MACE as a test bed and describe how semantic similarities 
between MACE objects can be computed. These similarity 
values are then used as tentative gold standard to evaluate the 
usage-based clustering of the MACE objects. 

A. Semantic Relatedness of MACE Objects 
MACE (Metadata for Architectural Contents in Europe, 

[11]) is a European project that relates architectural learning 



H0: The learning objects are taken from the same 
population. Usage-based clustering does not have an 
effect on semantic relatedness. 

H1: The learning objects are not taken from the same 
population. Usage-based clustering has an effect on 
semantic relatedness. 

material stored in various repositories with each other to 
support students in finding relevant information. To enable 
connections between these learning objects, metadata 
representations of the objects are stored in the central MACE 
repository. The representations base on the MACE 
application profile which extends the Learning Object 
Metadata (LOM) standard [12] for architecture-specific 
needs. 

The attributes stored in the LOM instances are used to 
build document vectors for all learning objects. To this end, 
the English titles and descriptions of the learning objects, the 
repositories the objects are derived from, their learning 
resource types as well as their free text tags, classifications 
and assigned competences are considered. The relatedness 
between two learning objects is then calculated using the 
cosine similarity measure between their representing 
document vectors. To get the distribution of the semantic 
relatedness of all the MACE objects, all possible pairs of 
objects have been calculated. 

B. Usage-based Clustering of MACE Objects 
While interacting with the MACE portal, users are 

monitored and their activities are recorded as CAM instances 
(Contextualized Attention Metadata, [13]). The CAM 
instances are analysed in order to construct a usage graph as 
described in section II.A. This usage graph is then 
transformed into three different relatedness graphs by 
applying the relative frequency measure, the Jaccard 
coefficient and the cosine similarity measure, respectively, as 
described in section II.B. Finally, the three graphs are taken 
as input for the ICC algorithm described in section II.C As 
results, we get three different usage-based partitions of 
MACE objects. Based on the relative frequency measure, we 
cluster the 5960 considered MACE objects into 215 cluster 
sets; based on the Jaccard coefficient we cluster the MACE 
objects into 106 sets; and, based on the cosine similarity we 
cluster them into 67 sets. 

C. Evaluation of the Usage-Based Clusters 
The evaluation shall answer the question, whether a 

usage-based clustering of learning objects has implications 
for their semantic relatedness, i.e. whether learning objects in 
the same clusters do have a different relatedness than 
randomly drawn learning objects from the set of all learning 
objects. If this is the case, then the question arises whether 
the clustering improves or worsens the semantic relatedness. 
As such these two questions will be answered by applying 
two statistical methods, namely for the first the Kruskal-
Wallis-Test and the second a test for the t-distribution. 

To test whether an overall effect of the usage-based 
clustering is detectable at all, an ANOVA could be the first 
choice but was dismissed as the required pre-conditions were 
not met (semantic relatedness is not normally distributed as a 
Kolmogorov-Smirnov-Test revealed [17], homogeneity of 
variances within clusters is not given). Therefore, the non-
parametric alternative for the ANOVA, the Kruskall-Wallis-
Test was chosen as it just relies on ranked data and does not 
make assumptions on an underlying normal distribution or 
homogeneity of variances. 

For testing whether the clustering leads to an 
improvement of the semantic relatedness, it can reasonably 
be assumed that the means of the relatedness values within 
clusters t-distribute around the overall mean-value of the 
population of MACE objects [15]. As the population is 
given, it is possible to check whether the different clusters 
deviate significantly from the population of all learning 
objects without committing an accumulated alpha-error that 
would bias the results by chance. 

1) Kruskall-Wallis-Test: The Kruskal-Wallis-Test [16] 
evaluates whether the medians of certain groups' ranked 
data (dependent variable) differ systematically or not. 
Therefore, several tests had to be done that distinguish 
between the entire set of MACE objects and the cluster sets 
of the (i) relative frequency-based clustering, (ii) Jaccard 
coefficient-based clustering and (iii) cosine similarity-based 
clustering. 
For each usage-based relatedness measure (relative 
frequency, Jaccard coefficient, cosine similarity) it is tested 
whether the semantic relatedness values of the respective 
clustering – all partition sets taken together – differ  
significantly from the overall median of relatedness of the 
entire MACE set. To this end, a null-hypothesis (H0) is 
formulated: 

Cluster sizes were determined indirectly by the threshold of 
the ICC algorithm. A conductance value of 0.25 leads to an 
average cluster size of 33.25. 

TABLE I.  KRUSKALL-WALLIS-TEST 

Similarity Measure Chi-squared df p 

Relative Frequency 424713.3 214 <0.001 

Jaccard Coefficient 23827.08 105 <0.001 

Cosine Similarity 17394.29 66 <0.001 

 
Table 1 displays the results of the analysis. The results show 
that for all three usage-based relatedness measures, 
clustering has a highly significant impact on mean semantic 
relatedness. That is, the null hypothesis H0 has to be 
dismissed, and the competing H1 is strongly supported. 

The results are to be taken as a first hint not as a final 
analysis. It still has to be checked whether the clustering 
leads to an improvement or not. 

2) Test for t-Distribution: The Kruskall-Wallis-Test 
checks whether the entire clustering has an effect on 
semantic relatedness. However, it does not compare the 
individual cluster sets with the overall set of all MACE 



H0: The mean semantic relatedness of a specific cluster 
set does not differ from the mean semantic relatedness 
of the whole population of learning objects. 

H1: The mean semantic relatedness of a specific cluster 
set systematically differs from the mean semantic 
relatedness of the whole population. 

objects. As in our case the population of all MACE objects 
is available, no additional post-hoc tests must be applied. 
For comparing individual cluster sets with the overall set, it 
can simply be tested whether the cluster means of semantic 
relatedness differ significantly from the overall mean of the 
population. To this end, the null hypothesis for each single 
cluster set is formulated: 

Accordingly, H1 states: 

Each usage-based relatedness measure leads to a usage-
based clustering. The t-test to evaluate H0/1 was applied to 
every cluster set of each clustering. Again, H0 is to be 
dismissed by a significance level of alpha=0.05. The effect 
of getting a significant cluster set by chance (accumulation) 
was not accounted for as the sets were of different sizes. 

TABLE II.  T-DISTRIBUTION-TEST 

Similarity Measure Number of 
Cluster Sets P++a P--b 

Relative Frequency 215 64,65% 7,44% 

Jaccard Coefficient 106 78,30% 6,60% 

Cosine Similarity 67 68,66% 13,43% 

a. Percentage of clusters significantly over-average (p<.0.05) 
b. Percentage of clusters significantly under-average (p<.0.05) 

 
Table 2 shows the results of the evaluation: irrespectively of 
the relatedness measure leading to a clustering, the semantic 
density of the clear majority of cluster sets is significantly 
higher than the semantic density of the overall population 
(where semantic density is defined as the mean value of 
semantic relatedness). Especially the Jaccard coefficient 
provides good results. If one randomly chooses one cluster 
set, then the chance that the included learning objects show 
a higher similarity than at a random draw is about 77%. This 
is a very good result supporting our initial hypothesis. 
Both the Kruskall-Wallis-Test and the test for the t-
distribution support our initial hypothesis that usage-
relatedness as defined here correlates with semantic 
relatedness. 

IV. CONCLUSION 
The support of users in finding appropriate documents 

related to their current context requires a semantic 
representation of these documents. Currently used 
approaches like automatic extraction or manual creation of 
semantic features lead to efficiency and precision problems. 
To solve these problems new approaches are required which 
circumvent the known shortcomings. In this paper, we 

explored a new way to relate learning objects that leaves 
aside semantic information. We tested this approach within 
the MACE LOR by evaluating about 5960 resources. The 
results very are promising. We assume that our approach can 
be fruitfully used for recommendation and filtering systems. 
The proof of this assumption is subject to further 
investigation. 
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