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Abstract. The rapid digitalization in the cultural domain generated enormous 
amounts of data. But that data is not personalized or processed, thus the benefit 
for different users is limited, due to the variety of users – people learn through 
different methods. However if techniques used in the last decade to personalize 
web content are applied to cultural content more users could easily absorb and 
process the cultural heritage knowledge. Also techniques could be applied to 
cluster and extract useful knowledge.  

Keywords: Data Mining, Recommendation Systems, Cultural Heritage, Data 
Collection. 

1 Introduction 

Nowadays, a lot of the cultural content has been digitized (Díaz-Corona et al., 2018) in 
the efforts to save the cultural heritage. As a result, the cultural content can be dissem-
inated through websites, digital libraries, and virtual museums. However, the heteroge-
neity and disorganization of the information make it difficult to properly and easily 
process it through an uniform method. 

In the cultural domain we could differentiated two areas of improvement – organiz-
ing the documents – using clustering and other data mining methods to extract 
knowledge from the content (Rehm et al., 2019) – or using data mining methods to 
personalize the way users perceive and interact with the cultural content (Konstantakis 
& Caridakis, 2020). 

In the last decade, different methods were used to improve the user experience. Per-
sonalization and recommendation systems have been applied in some fields for a long 
time – movies, shopping items, but for cultural content, it is yet to be applied effectively 
(Hong et al., 2017).  

Some of the techniques used in other areas can be applied to cultural domain to im-
prove the experience of the tourists and we are highlighting some of them in this re-
search. 
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2 Techniques for Personalization and Mining 

The amount of data in the cultural domain is extensive because of the rapid digitaliza-
tion of all the data in the domain. Digitalization of the cultural content is much needed 
to preserve our cultural heritage, but the process is done so promptly, that it also gen-
erates problems – too much data is unavailing if it cannot be transformed to knowledge 
or it cannot be properly used. To solve those problems, diverse techniques should be 
used to transform that data into knowledge. Also, technologies can really improve the 
way cultural content is processed by people – the cultural heritage can no longer be 
static and disorganized content. The data in the domain is transformed in a more inter-
active way that has an impact on people (Hong et al., 2017).  

However, to effect people, the correct approach or approaches need to be found. One 
thing to recon is that the consumers of cultural content are very heterogeneous - some 
people process data through visual aids, others through written data (Raptis & Avouris, 
2019). If we also include the factor of learning from the cultural content and the goal 
to change the content from boring to interesting and interactive (Stanchev et al., 2017), 
then personalization is to be contemplated. But the amount of cultural data – both writ-
ten (documents, pdfs, etc.) and visual (images) is so diverse and immeasurable that it is 
becoming more and more challenging to organize it. Organizing it can also facilitate 
better analysis and understanding of the data (Santos et al., 2019). 

It is clear that improvements need to be done in the cultural domain so that the barrier 
between the people and data is destroyed. Regardless of the domain, the first two steps 
that need to be taken when dealing with data, are data collection and data transformation 
(Santos et al., 2019). In this research, we are covering explicit and implicit ways 
(Konstantakis & Caridakis, 2020) to gather the information needed to perform person-
alization or recommendation and approaches that could be applied after the data is col-
lected. 

In the cultural domain, the problem of organizing the data can be solved with data 
processing - personalization of how cultural content is displayed, extracting infor-
mation from the content, and enriching it with knowledge. The explicit methods require 
input from the users - through questionnaires or by configuring the content to be dis-
played in certain way. The implicit methods require more effort - identifying what in-
formation could be used for the techniques (visitors’ logs, other logs, social media in-
formation, etc.) and applying the proper method to transform the data to knowledge. In 
the next two subsections, we are going into more details for both the explicit and im-
plicit methods.  

2.1 Explicit Methods 

In our previous research (Christozov & Mitreva, 2020) we have proposed that the user 
should be able to explicitly configure how a piece of certain information is displayed 
and to setup the details of the explanation. This method is also acceptable for displaying 
cultural content – the users of a certain website showing cultural content should be able 
to configure what and how the information should be displayed.  
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We have researched the ways Drupal as a content management system can offer 
certain extent of personalization based on the preferences of the users. What should be 
the level of details in the properties, is also something to consider, because some of the 
users might not be technology savvy. The idea is that Drupal offers ways to 
show/hide/prioritize menus and with such capabilities the system should be flexible 
enough for most users. Nevertheless, there will be a default settings for users without 
specific preference or without the knowledge to configure it. How to determinate what 
will be default setting is something that should be researched or discovered through 
feedback from users, surveys, etc. It will be easier for the users that the personalized 
view to be done automatically through the system that is being implemented. So after 
the initial web mining filtering and processing is done, the changes could be applied 
through the functionalities that the Drupal modules offer. 

The second option to gather the information and explicitly states how the content 
should be exhibited is to use questionnaires that can be distributed among users. This 
approach has a couple of drawbacks - firstly, the questionnaire needs to be carefully 
created, otherwise, the result from it might not be just not useful, it might be misleading. 
Secondly, this should be done on iterations, which means it will take time to generate 
some helpful conclusions. The feedback from different iterations should be processed 
and applied. Another thing to consider with this approach is whether the questionnaire 
is distributed to diversely enough groups so that the proper conclusions can be drawn 
from the results. Also are people willing to participate in such surveys, so that enough 
data is collected from the answers. If not enough data is generated, then the results 
might not be helpful, or might not correspond to various users. 

Both ways, though, require time to gather the necessary information or feedback 
from the users so that the proper setting or preference is applied. And both methods 
require the people to be willing to provide the needed information. 

2.2 Web Mining Methods 

In the previous section, we have discussed the explicit ways to collect the data to per-
sonalize the way the cultural content is displayed. The previous methods require people 
to voluntarily to either participate in surveys or to provide their preference of setting. 
In this section, we are presenting different approaches to collecting useful data for users 
without the need of the users to participate in surveys or to provide any data. 

The first approach that we are going to conder is web usage mining – a method that 
we have discussed in previous research (Christozov & Mitreva, 2020). This method 
could be used in case we have a way to obtain the web access logs of a UI that is 
presenting cultural content. To apply that method the logs need to be collected and 
filtered – a lot of the logs correspond to wrong requests, crawlers that are gathering 
information about the tree of websites, etc. In the system that we have implemented, 
such records are filtered and then only the rest of the records are used to generate several 
profiles. We are considering the generation of different profile per user is involving too 
much complexity and unneeded diversity. It is better to create a few general profiles to 
cover most of the needs and preferences of the users. Moreover, if the web sources that 
are providing the cultural content don’t require authentication of any kind, then the task 
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to separate the different users becomes almost an impossible to handle. We are recon-
ning that although the diversity of the users is enormous in this area, the different types 
of profiles is finite. After the profiles are created, we could direct our efforts and re-
search into two directions – generating some recommendations for the designers of the 
web resource or trying to generate some automation in the application of those recom-
mendations. However, not much is done on the latter task. In the previous section we 
have mentioned our efforts to use Drupal to automatically apply rules generated from 
the profiles.  

The second method is proposed in (De Angelis et al., 2017; Sansonetti et al., 2019). 
It is suggesting using social media and the user’s activities to enrich that information 
with knowledge, provided by lined-open data (LOD). They are stating that the recom-
mender system should take into account the lifestyle and the personal preference of the 
visitors. But that recommender system would also need additional data that can be ob-
tained by some of the explicit way we have described – surveys or/and questionnaires 
(Hong et al., 2017). The method is to be combined with the first approach - the history 
from the previous visits of the user and their social media information about their visits 
can be used to generate a profile or to find the proper already existing profile. That 
profile could be used the next time the user accesses the cultural content. It will be even 
more beneficial to use custom Drupal module to automatically apply the settings gather 
in the previous step. Using the logs and social data and the conclusions that were drawn 
from that data, might help revise the way the content is displayed. 

The next source of data that could help with the personalization or can create cultural 
content recommendations is through a search history (Sumikawa et al., 2019) of digital 
libraries. This method uses something similar to web usage mining – it uses what 
searches the users have performed to generate profiles. Thus, if a user makes similar 
searches as a certain group or profile, then they could be offered the same content as 
the one that the group was interested in. 

2.3 Comparison of the Methods 

In this section, we provide a comparison of the methods we have discussed in the pre-
vious two sections. 

Table 1. Comparison table of the different methods 

Method/ 
Source 

Description User 
input is 
needed 

Processing 
is needed 

Surveys/Qu
estionnaires 

The data is retrieved through surveys 
distributed to the users. 

x x 

Predefined 
configurations 

The UI interface provides predefined 
settings of how the content should be displayed 

x x 

Web usage 
mining 

Based on the collected access logs and other 
logs a user profile is created with a sample 
preference for personalization 

 x 
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Using 
social media 
information 

 
 x 

Search 
history 

Using the search history of the user to 
generate an area of interests 

 x 

 
As Table 1 shows we have different methods of collecting the data, a few of them re-
quire some user input – it is either through a form of answering questions that are part 
of the survey or by directly allowing them to configure what they see. However, all of 
the methods require some additional processing. We have briefly mentioned this, but 
the data that is gathered would first need some filtered or cleaning, before we could 
proceed to the next step of processing. For example, for web usage mining it is advisa-
ble to filter all unnecessary access records – all data that is generated from wrong re-
quests will only our results unhelpful and even wrong. Also, the actual processing might 
require human feedback or intervention due to several reasons – to fine grain the algo-
rithm, to remove outliers, to prevent user privacy violation (Ferrara et al., 2014). 

3 Future Work 

In this research, we have discussed the different methods to collect data and we have 
concluded that regardless of the method some pre-processing (cleaning of the data) and 
additional processing will be used. Instead of trying to figure out what approach is bet-
ter to use, what we could do is use all of the methods – to collect data from all the 
different sources. However, for all of the data, we need first to clean the data from the 
outliers or wrong entries so that the process of transforming the data to knowledge 
works on only the meaningful data. We have already mentioned some ways that we 
used in our system of filtering that data – cleaning all errors or automatic requests. The 
same can be applied on searches - clean all searches that results in no result or if possi-
ble, identify and filter out searches that were done by some automatic crawlers. For the 
social media data, it will be a little more difficult to determine what could be useful and 
what should be filtered out, not to mentioned that we should be careful about violating 
some privacy laws. 

After the data is filtered, we could proceed to the next step and extract useful rules 
to be applied in a Drupal module. Finally, the two outcomes will be to generate the 
profiles and to offer the user either the necessary personalization and recommendation, 
based on the profile we have determined that they belong, or to be able to automatically 
change the UI according to that profile. One could argue that automatic changes might 
not be what some users would like, as for other users the seamless change to what might 
be what they need or like is the best solution. One enhancement to be done is to just 
offer the user some changes and only after approval to be applied.  
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4 Conclusion 

In this paper, we have conferred the importance of the user experience and how it was 
improved and changed in the last decade. How the impact of the cultural content on the 
users, can be profoundly changed if some of the methods, used in other areas, are used 
in this domain. However, to accomplished that goal we have outlined that we have a 
few steps to take - to collect the data, to filter it, and to transform that data into 
knowledge. We have mentioned that we could have different sources of data or infor-
mation – search logs, access logs, social media that could help us generate groups of 
profile. Based on the generated profiles we could offer the user a certain way of dis-
playing the information, so that fits their learning way better or it just makes the infor-
mation more interesting, but all approached would require to have the necessary time 
to collect and process the data. 
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