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Abstract

This paper presents implementations of virtual exhibitions for mobile devices realized ​​to improve visibility and access to national cultural heritage. Mobile technologies have been growing in recent years, with a significant impact in all activity areas. The article assesses the motivation to develop mobile applications for valorization of national cultural heritage by allowing users to access rare collections, such as historical documents, old and rare books, manuscripts, paintings, coins, available in the virtual environment on mobile devices, as smart phones and tablets. The paper analyzes the interconnection between cultural actors (IT people, distributors of cultural products, computer network service providers) and the synchronous reception of national or European culture, through the advanced technology, by any audience, but especially the younger generation, in order to prepare them for the sustainable development of knowledge-based society.
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1. Introduction
In the 90s, de Michelis said that Europe's cultural heritage is a strategic resource similar to oil for Arab countries. By digitizing the multimedia collections from libraries and other cultural institutions it is ensured the knowledge, the development and protection of national and European cultural heritage (Filip F. G. 1996a).

Virtual libraries are the main source of knowledge, offering unrestricted remotely access, under multimedia format, and enabling protection of rare and perishable objects. 

The new information technologies ensure not only the better knowledge and protection of cultural objects, but promise more direct visitors of cultural institutions. The objective of remote access is not to bring out people from the real cultural institutions, but rather to stimulate to visit them (Filip F. G. 1996a). 

Economy of culture is not limited only to digital libraries and museums, but also includes trade with cultural objects in digital form, facilitating the access to cultural and scientific heritage of Europe (Filip F. G. 2006).

The knowledge-based society, the information society and the consciousness society have the followings common characteristics (Filip F. G. et al 2001):

· unisex jobs;

· new paradigms of enterprise (extended, virtual, networked);

· noble domains (education, health, culture) become lucrative.

In the knowledge-based society, the culture is seen in a broad sense: social and scientific, and there are interactions between several categories of factors:

· cultural institutions (CI), holders of cultural goods (CG): libraries, museums, archives;

· traditional or new transformers of cultural goods (TCG/NTCG) produce catalogues, movies, albums;

· distributors of transformed CG : libraries, kiosks;

· service providers (SP).

Figure 1 below presents the components of economy of culture and the interactions between them. 
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Fig. 1. Interactions between economy of culture components (Filip F. G. et al 2001)
The academic world perspective is about democratization of the access to knowledge and preservation of the original objects of cultural heritage.

By implementing policies and means to ensure sustainability and preservation of cultural content in digital format, are guaranteed the retrieval and the reuse of cultural content elements for spiritual enrichment of future generations of citizens (Filip F. G. 2008).
2. Design of virtual exhibitions
Virtual exhibitions allow the expanded multimedia access to cultural heritage from libraries, museums and art galleries, increasing the public interest for collections, while libraries and museums exploit their resources in order to enrich and maintain them, becoming true documentation centers that promote culture.

The objective of implementing virtual exhibitions is not to replace museums and physical exhibitions, but to bring art consumers closer to what they love, to make the art accessible at any time and in any place, to keep them informed with new occurrences or events from this sphere and to open the appetite of all to knowledge.

Also, virtual exhibitions are a great opportunity for the disadvantaged people, with limited financial means or aged, with physical problems, enabling them to overcome mobility barriers or time restrictions for visiting real exhibitions (Natale M. T. et al 2012).
Virtual exhibitions are an expression of cultural institutions activities and are partially or fully represented by promoting values ​​that are kept by institutions concerned. Through such kind of activities, participants and cultural content are brought into contact, sometimes leading to commercial exploitation. In terms of time, exhibitions organized by cultural institutions can be permanent or temporary. The permanent exhibitions are a stable part of cultural institutions and the temporary exhibitions have an end date and have as a center to promote an author or a specific topic.

We want to design a mobile application for Android or iOS operating systems used as a virtual exhibition. The flow of activities existing in the application is presented in Figure 2. The number of activities is reduced to six, because of the main principles which are the foundation of the application: easiness, intuition, fast and efficient exploring. The main purpose of the application is the simulation of an art exhibition, though a secondary purpose is to give the possibility to the users to have more information about a specific object by scanning and interpreting QR codes.
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Fig. 2. The flow of activities of the mobile application

Providing educational information through virtual exhibitions is not enough to arouse the interest of young people for an exhibition in the virtual space, because it is necessary that this to be presented to the public in an attractive manner. The main challenge in content distribution is that the main educational infrastructure does not reflect the cultural needs and educational imperatives of young people today. Consequently, a useful and well-designed learning resource is incompatible with the teaching methodologies used in most classrooms and by most teachers. Design theory applies to enrich many facets of the virtual exhibitions, and this could be responsible for innovative educational materials for teachers at the primary, secondary and college/university levels. Students of all ages visit exhibitions, take part in workshops and learn first-hand from professionals and educators about applied creativity. The effect of using interactive elements within the exhibit space served this particular audience by catering to more contemporary ways of learning.

When we think of targeting museums and libraries to larger audiences, we have grown accustomed to migrating the physical exhibition experience to an on-line experience. We have still larger leaps to make when we begin to bring our virtual spaces into our museums or libraries. We could apply Himmelsbach's statement about virtual and physical spaces, to museums and libraries (Himmelsbach S. 2011):

„Today, exhibitions are partially defined by their virtual urban spaces, which radically alter the image of the exhibition itself. The virtual exhibition as physical exhibition of the future can never replace the real, experiential world, but it can offer its inhabitants enriched and expanded potentials”.

The art direction and the design have played an important role in the development of the Design of virtual exhibition, in terms of both content and layout/exhibit design. Putting content presented by designers and artists into an on-line context that is pleasant for the younger audience is a very satisfying experience. Many of the curators of virtual exhibitions were exploring the idea of the physical and the virtual within their own work. The architects, the designers and the design managers have illustrated in a many ways how the economic and social capital of online information is integrally connected to the design, delivery, adoption and consumption of virtual environments. The networks between the physical and the virtual seem to be more common and natural today than ever. This is especially the case for the target audiences of virtual exhibitions (Kaye A. et al 2004).

To start observation and generate a new virtual exhibition we need to follow five steps: 

1) Observe the sight movement of the visitors; 

2) Classify the routes; 

3) Analyze the routes for experience content retrieval; 

4) Generate experience content descriptors as scenarios; 

5) Use the scenarios for establishing new virtual exhibitions with similar content.

If a virtual exhibition can offer for a visitor a series of various experiences at the same time, then it can even classify the type of users and it can identify who should be the subject of this experience. Or, in other cases, if it can suggest a type of experience with well-defined content and title, then we can achieve better visitors as well. We need to find new ways of balancing relevancy and celebration with resourcefulness and audience impact. Besides, it can serve as a kind of management information as the technical environment in which this framework runs, also provides a lot of statistics and information about the exhibit impact on the viewers (Respício A. et al 2010).

Displaying greater amounts of information about artifacts through the use of digital media tools within an exhibit space, in an attractive design, can be advantageous in reaching a wider, younger audience. In this way we also gained valuable research information in regards to the relationship between physical and virtual representation of artifacts and ideas on how we can reach museums and libraries enthusiasts on-line.

3. Developing virtual exhibitions for mobile devices
The national and international research stage in the field shows that mobile applications that aim to present virtual exhibitions in various cultural areas will have a significant growth in the coming years, given their impact on economic, social and cultural fields. 

According to the concepts presented in Natale M. T. et al (2012), the development of new solutions in the field of information technology creates new opportunities for promotion and valorization of cultural heritage. The potential offered by mobile technologies, the very high increase of usage degree of mobile devices that allow processing of multimedia content, both offline and online, facilitates the possibility of implementing a virtual exhibition on mobile devices.

Although online virtual exhibitions are accessible from mobile devices, exploring an exhibition in these conditions can be unpleasant, because the exhibition was designed for large screens, which affects the experience had on mobile devices. The rapid advance of technology allows us to develop native applications, 100% compatible with existing mobile devices in our lives. The choice of such approach resolves the disadvantages of implementing an online virtual exhibition and extends the functionality to areas that are inaccessible for laptops and personal computers, such as interpretation of QR codes and augmented reality features.

In the near future, mobile devices will become the best interface for accessing elements of cultural heritage, even though studies regarding audiences accessing cultural content through mobile devices are early. 

According to the publication Heggestuen J. (2013), at the end of 2013, one in five people (22% of world population) had a smartphone, and 6% of the world population owned a tablet. In late 2012, the number of smartphones exceeded the number of personal computers. Also, the market share of mobile devices is increasing, and the average age at which a child holds his first mobile phone is 13 years. For young people who represent a large proportion of smartphones users, the use of a smartphone is very easy and natural.

Nowadays, when almost all people have a smartphone or a tablet, it is very important to provide access to documents and artifacts that are stored in libraries and museums, as people prefer first to access their items on-line (virtual museums, virtual libraries, books, etc.). Exploring a museum through mobile devices presents many advantages, such as freedom of movement, unrestricted access by time and place, creating a list of favorite items and ease of navigation.

One of the main problems of museums and libraries in this moment is the low level of the digitization process of all categories of collections, in order to express their intention to open the treasure of cultural resources for all visitors (Dumitrescu G. et al 2010). 

Due to the portability feature which they holds, the mobile applications developed for the presentation of virtual exhibitions could be an effective guide used at the time to visit the real exhibition (Filip F. G. 1996a).

Mobile applications for playing virtual exhibitions should be an extension of museums and real exhibitions, without replacing them, stimulating the involvement of each user and the subsequent visits to cultural institutions. The user interaction will be implemented using additional information about exhibits, so that the visitor interest to be consistent with the exhibits features. One of the more advanced features of the application will be the 3D virtual reconstruction of the exhibits. Using all of these features, the users will be able to look closely at exhibits in a quick and accessible manner, without damaging them.

The mobile application designed in the previous section fulfills four basic functions:

· allows viewing of art collections by category;

· allows to save objects of interest as favorites and view them later;

· allows the use of the concept of augmented reality;

· allows recognition of QR codes (Quick  Response) that may contain links to objects in the collection.

By using such tools or by implementing native mobile applications for Android or iOS platforms, there can be created very attractive virtual exhibitions, such as presented in Figures 3 and 4.
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Fig. 3. Mobile application for virtual exhibition    Fig. 4. Historical document presented in virtual exhibition

In Figure 4 is presented an historical document with pendant seal, which can be carefully studied in order to discover all the security elements used in that period of time to secure a document. 

The idea of implementing virtual exhibitions for mobile devices has interdisciplinary character, integrating elements from computer science and cultural fields, such as the development of mobile applications that presents historical documents in a virtual exhibition. 

An important example of mobile application implementation in the cultural field is the project http://statuidedaci.ro, presenting important statues of Dacians and different places around the world where they are present (Dumitrescu G. et al 2014). The project is based on the paper "Dacians in the Roman sculpture. Study of ancient iconography", for which Romanian Academy awarded to historian Leonard Velcescu the prize "Eudoxiu Hurmuzaki" of the Romanian Academy.
4. Mathematical model for the impact analysis on users and cultural institutions
The objectives of developing virtual exhibition for mobile devices are as follows: 

· interconnecting the cultural actors, representatives of cultural institutions and visitors, by facilitating the user access to rare collections and improving the access to European cultural heritage; 

· promoting and synchronous receiving of national and European culture through advanced technology by any audience, but especially by the younger generation; 

· increasing the cultural level of the younger generation, in order to prepare them for the sustainable development of knowledge-based society.

The potential beneficiaries of mobile virtual exhibitions development are: 

· cultural institutions, interested in preserving collections, attracting visitors and promoting cultural heritage items; 

· IT companies, interested in identifying new opportunities for software implementation; 

· visitors of cultural institutions, which are users of mobile applications and are interested in accessing and exploring cultural elements remotely.

We are considering the following business model regarding the influence of mobile applications developed in the cultural field on the number of visitors and on the monthly income of cultural institutions (Filip F. G. 1996b). 
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where:  

· k – month; 

· x1 – monthly number of direct visitors; 

· x2 – number of mobile application buyers; 

· x3 – monthly income of cultural institutions;  

· x4 – monthly profit of mobile application vendors; 

· u1 – cost of publishing the mobile application; 

· a11 – ratio of those that visit repeatedly; 

· a12 – ratio of mobile application buyers stimulated to visit cultural institutions; 

· a13 – cultural institutions incomes allocated to improvement of cultural services; 

· a21 – ratio of visitors buying the mobile application on other devices; 

· b21 – influence of the new editions of mobile application; 

· a31 – visiting fee; 

· a32 – reproduction rights; 

· a42 – average price of mobile application in the cultural field; 

· w – season factors.

We are taking into consideration the basic elements of evolution scenarios: 

· factors involved: cultural institutions, transformers, service providers, governments, NGOs;

· key decision variables: investments into digital content services, coupling to international projects, systematic digitalization, contribution (programs and support) of government;

· factors influencing decisions: available technologies, European approaches, legislation;

· main uncertainties: general evolution of the economies, purchasing power, investors’ attitude.

From the business model proposed, the followings conclusions can be extracted: 

· access improvement and valorization of cultural heritage are already the subject of international recommendations;

· balancing content import and export of digital content;

· cooperation of various factors including governments is necessary;

· evolutions cannot be separated from global evolution of the country;

· following of international trends and prompt connection to various initiatives and networks are recommended (FP7, DLI).

Figure 5 shows a simplified diagram of the proposed business model, in which users of mobile applications such virtual exhibitions come to visit cultural institutions, due to exploration of virtual exhibition on the mobile device.
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Fig. 5. Simplified diagram of the business model

The impact of the business model is upon several domains, such as education (increase of quality and attractiveness), tourism (by diversification of the offer of services), direct e-commerce with digital content and consumer goods industry.
5. Conclusions

Given these premises, one of the specific objectives regarding the implementation of mobile applications for virtual exhibitions can be considered achieved, namely to promote the culture to young people and beyond. 

The implementation of mobile applications for virtual exhibitions involves combining computer science with humanities, by creating mobile applications that promotes virtual exhibitions and cultural heritage items. 

The benefits of implementing mobile applications for virtual exhibitions are both for the consuming art public and for the art suppliers. Thus, consumers of art have available the latest news in art, regardless of time constraints, space and money, and museums or art exhibitions are promoted and can gain art lovers and visitors.

Developing virtual exhibitions for mobile devices requires a high potential for cooperation between culture and IT sector and this cooperation should be supported and strengthened, given the impact that technology will have in the coming years, especially in the construction of virtual exhibitions and the potential transfer of knowledge and best practices gained during the research.
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