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Abstract. This paper reports on a user-centered formative usability evaluation 
of diverse visualization technologies used in Virtual Museums. It initially 
presents the selection criteria and the five museum websites involved in the 
analysis. Then, it describes the evaluation process, in which a group of subjects 
explored the museums’ on-line resources and answered in two usability ques-
tions concerning overall reaction to the website and the subjective satisfaction 
of the users. After user testing, quantitative and qualitative data have been col-
lected and statistically analysed. However, much research remains to be done 
on future research in terms of larger sample, different methodologies and varied 
contexts. 
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1 Introduction  

The London Charter encourages virtual museums to promote rigorous design of digi-
tal heritage visualization however; it suggests that virtual museums should ensure that 
embedded visualization paradigms follow a human-centric design so that they pro-
mote the study and interpretation of cultural heritage assets. The Principle 2 of the 
London Charter states that computer-based visual media should be employed when 
they provide added value for the study of cultural assets compared to other methods. 
It stresses that in order to determine the suitability of each technologically-driven 
visualization method, a systematic evaluation of such methods should be carried out 
based on specific evaluation criteria. Relevant research sources utilized should be 
identified and evaluated in a structured and documented way taking into account  
best practice within communities of practice. The London Charter’s main goal is  
to encourage dissemination of computer-based visualization so that significant rela-
tionships between cultural elements can be determined by visitors. Such dissemina-
tion should target to strengthen the study, interpretation and preservation of cultural 
heritage.  
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Various researches have evaluated museum websites using design patterns [1], 
usability of virtual museum websites [2,3], utilizing both empirical and expert-based 
methods combining quantitative and qualitative research methods [4, 5], explored the 
relationship between the sense of Presence, previous user experience and enjoyment 
[6], the effect of various visualisation technologies to the sense of Presence [7], have 
developed guidelines concerning issues ranging from design considerations to project 
philosophies [8], exploring requirements for online art exhibitions [9]. The main goal 
of this paper is to explore the usability parameters that can be used as reference for 
evaluating virtual museums, which often incorporate varied technological elements. 
After a short introduction to virtual museums and the selected cases for the purposes 
of research and the usability evaluation, the participants, the experimental procedure 
and the methods used for the statistical analysis are presented. In the last section of 
the paper, the research results are analysed and discussed.  

2 Virtual Museums 

A virtual museum [10] is a complex environment that according to the choices of the 
design team, determines the visitors' final experience and subsequent attitudes to-
wards the use of digital media in museums. In order to cluster the wide range of exist-
ing museum websites into specific representative categories, a team of four scientists 
experienced in interactive design and the use of Information and Communication 
Technologies in culture and education, was assembled. Museum online resources 
were divided according to the presentation method employed for their visualization 
and grouped/ classified according to that in five technologically-oriented categories of 
museum sites mainly including: Panoramic images (QTVR), (2) Scalable images with 
text, (3) Searchable databases, (4) 3D environments, (5) Videos. 

The experts shared a preselected pool of museum websites and worked indepen-
dently to extract within these categories the factors that may influence the user's expe-
rience according to their personal understanding and recent research literature on 
evaluation strategies for virtual museums. Subsequently, the factors were merged into 
a set of five qualities or capacities: imageability, interactivity, navigability, virtual 
spatiality and narration as explained in Table 1. Of the five representative cases of 
virtual museums as presented below, four serve as extensions to existing physical 
museums, while one is totally imaginary.  

Imageability: Panoramic Images. Imageability is defined as the “quality in a physical 
object that gives it a high probability of evoking a strong image in any given observer. 
It is shape, colour, or arrangement, which facilitate making of vividly identified, po-
werfully structured, highly useful mental images of the environment” [11, p. 9]. In VEs 
of high imageability, users can experience the real museum space through panoramic 
images that can be manipulated thanks to a set of interactive tools, such as rotate and 
pan, zoom in and out, and even navigate. The case selected for this study, labeled as 
M1, is the "Virtual Exhibition Tours" (http://www.nga.gov/onlinetours/index.shtm) of 
the National Gallery of Art in Washington. In this online environment, visitors can 
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select specific works of art for larger image views, close-up details, streaming audio 
commentary, and information about the object (Figure 1). 

Table 1. Qualities of museum online resources. 

     Quality Definition 

1. Imageability 
Perceptual quality of a VE that makes it memorable 

2. Interactivity 
The HCI functionality that makes a VE able to communicate 
with its visitors 

3. Navigability 
The degree to which navigation capabilities are perceived from 
structural elements of the VE 

4. Virtual Spatiality  
The extension of physical museum space and the metaphors of 
architecture to virtual space 

5. Narration 
Narration via a collection of videos that engages the virtual 
visitors providing them the opportunity to investigate a theme in 
a variety of ways and construct their own meaning 

 

 

Fig. 1. Screenshot of the Van Gogh Virtual Exhibition Tour at the National Gallery of Art 

Interactivity with Scalable Images and Texts. Image scalability provides the oppor-
tunity to examine museum artifacts or parts of them in detail by applying zoom tools 
over high resolution images. These zoom-on-demand features allow viewing aspects 
of photos that are not visible to the naked eye because of their small size or because of 
the museums' spatial proximity restrictions. Image exploration tools make VEs highly 
interactive and enhance museum experience [6]. The selected case for this study, 
labeled as M2, is the Metropolitan Museum of New York (http://www. 
metmuseum.org/) (Figure 2).  
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Fig. 2. Snapshot of an object contained in the section of Greek and Roman Art of the Metropol-
itan Museum of Art 

Navigability: Searching Utility for Images and Texts. This type of online museum 
environments offers multiple search options and enhanced image manipulation. Sear-
chable databases typically contain 2D representations in the form of photos and flat 
scans of objects along with their corresponding metadata, which are uploaded to the 
museum’s online database. The hallmark of these sites is a search engine, which al-
lows searching by content, concept, or metadata, thanks to an entry point usually con-
sisting of a text area in which visitors enter search criteria based on keywords. The 
case selected for this study, labeled as M3, is the Museum of Modern Art 
(http://www.moma.org/explore/collection/index). Through its database, visitors can 
navigate the various thematic areas of the museum, and search its collections by artist, 
work or keyword. It also has an advanced search that allows adding refinement crite-
ria such as period or object management status (Figure 3). 

 

 
Fig. 3. The advanced search engine of the Museum of Modern Art online database 
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Virtual Spaciality: Simulation of a 3D Reconstructed Museum Space. Since place 
and space have been inseparable in our experience of the real world until now, when 
we experience the Web’s placeness, we assume that it must also have the usual 
attributes of spatiality [Weinberger 2002, p. 56 after 12]. In this type of online re-
source allows ‘free’ and interactive real-time navigation in a 3D space that reproduces 
more or less realistically the museum galleries. This kind of online resources usually 
seeks to reproduce as realistically as possible the experience of the visit, with the 
added value of the multimedia information, the hypertext/spatial navigation, and the 
possibility to manipulate (zooming, rotation) objects. The case selected for this study, 
labeled as M4, is the Van Gogh Virtual Museum (http://www.vangoghmuseum.nl/), 
which constitutes of a typical example of a 3D reconstruction of a museum setting 
using computer-aided design tools and gaming technologies (figure 4).  

 

 
Fig. 4. Snapshot of the Van Gogh Virtual Museum 

Narrative Videos. The last category corresponds to Virtual Museum websites containing 
narrative embedded videos. The selected case for this study, labeled as M5, is the Virtual 
Silver Screen of the Library and Archives Canada (http://www.collectionscanada.ca/ 
silverscreen/). The website uses Flash technologies to present different Canadian films of 
the early 20th century, which are perceived as historic documents organized by themes 
that the user can select for visualization (Figure 5). 

 

 
Fig. 5. Snapshot of the Home page of the Virtual Screen Silver 
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3 Usability Evaluation  

According to ISO-9241 describing the ‘Ergonomic requirements for office work with 
visual display terminals’ (ISO, 1998) standard, usability of a system is defined as the 
ability to function effectively and efficiently, while providing subjective satisfaction 
to its users. Usability of an interface is usually associated with five parameters (ISO, 
1998; Nielsen, 1993), derived directly from this definition: An interface (a) is easy to 
learn, (b) is efficient to use, (c) is easy to remember, (d) produces few errors, (e) is 
pleasant to use.  

The QUIS (Questionnaire for User Interaction Satisfaction) questionnaire (Schnei-
derman and Plaisant, 2005) assessed museum participants’ contentment, while inte-
racting with the virtual museums. This questionnaire was used as the main instrument 
recording their subjective assessments. The QUIS questionnaire consists of 7 parts. 
Part 1 concerning the general experience with ICT (Information and Communication 
Technologies) is often omitted. Part 2 assesses the overall user reactions as regards to 
the evaluated system, Part 3 concerns the windows layout of the system, Part 4 the 
terminology used, Part 5 the learnability of the interface (how easy it is to learn) and 
Part 6 the system capabilities. For this research needs we have selected the parts of 
the questionnaire that concern the overall reaction to the website and the subjective 
satisfaction of the users. 

4 Materials and Methods 

Due to technical restrictions not all Virtual Museum websites were able to run on 
tablets, smartphones and other portable media. Thus, the experiment have been con-
ducted in a HP workstation with two 2.4GHz Xeon processors, 2048 MB memory and 
19’ inches screen to secure the same testing conditions for all. 

4.1 Participants 

A total of one-hundred sixty-four (164) volunteers (males and females, aged 19-37), 
mainly undergraduate and postgraduate students from the Aristotle University of 
Thessaloniki, Greece, participated in the experiment. Virtual visits for academic or 
professional research are considered the most demanding kind of visits in a virtual 
museum because they are targeted, have defined learning requirements and time con-
straints. Random or unintended visits could contribute less to this study. Also, return-
ing (physical and virtual) visitors would have been inconsistent because of their pre-
vious experience and knowledge. 

All participants reported to have at least basic knowledge of computers and good 
knowledge of the English language. All students selected had never visited the virtual 
museum websites before. Participants in all conditions were naive as to the purpose of 
the experiment. 
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4.2 Experimental Procedure 

The premise of the proposed research is that different visualisation methods -with 
their specific associated capacities- serve different aims, connected with usability, 
presence, motivation and learning outcomes.  The evaluation methodology proposed 
is based on questionnaires assessing such aspects of the virtual museum experience, 
administered after navigating the selected virtual museums presented in Section 3. 
The results will be used for a comparable evaluation of various approaches regarding 
the presentation and interaction methods used for museum artefacts. The evaluation 
and the interviews took place at the laboratory of Photogrammetry and Remote Sens-
ing of the Aristotle University of Thessaloniki, Greece. The interviews have taken 
place in laboratory-like conditions, where no visitors were allowed, so as the users 
can be concentrated to the completion of the questionnaires. The evaluation involved 
only one participant at a time and assistants instructed the end-users if they needed 
help.  Tracking of user errors while navigating as well as the time needed to complete 
the tasks were not recorded, because it was not our intention to test the users’ perfor-
mance, but the websites’ performance. The evaluation used cued testing, which in-
volves explaining to the users the purpose of the project and asking them to perform 
specific tasks or to answer questions. Four steps were undertaken:  

1. Goal setting: users start with a plan of the tasks to be accomplished. 
2. Exploration: users explore the interface and discover useful actions. 
3. Selection: users select the most appropriate actions for accomplishing their task. 
4. Assessment: users interpret the system’s responses and assess its progression).  

The participants were allowed to select the virtual exhibitions and exhibits they pre-
ferred in order to feel they had the control over their own learning. The same proce-
dure was repeated for each of the five museums with only one participant at a time. 
Each participant experienced all websites and the order of the websites was estab-
lished randomly. The questionnaires were completed directly after the exploration of 
the Virtual Museums websites. 

4.3 Statistical Analysis  

The questions administered were subsequently subject to statistical analysis, which 
was divided in two parts. An initial prediction stipulated that the Virtual Museum M4 
would be the most suitable for learning. According to previously aforementioned 
researches on constructivistic learning/serious games, the reason would be that it si-
mulates a real visit (emotional component) and allows self-controlled navigation in a 
reconstructed space as well as interaction with objects. The first part of the analysis 
sought to verify whether the Virtual Museum (M4) provided the most efficient and 
engaging experience. The answers to the virtual museum questions were tested for 
normality before performing the analyses using the Shapiro-Wilk test and the one-
sample Kolmogorov–Smirnov test. We proceed with non parametric test Kruskal-
Wallis for each question to reject the null hypothesis that all scores are similar for all 
museums. The hypothesis is rejected on sig. (P)<0.05.  
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We examined which museums provided statistically significant differences in rela-
tion to all aspects investigated highlighted by the Kruskal-Wallis test using the non 
parametric test Mann-Whitney U Test. Finally, we adjusted p values for multiple 
comparisons by multiplying p value with number of comparisons (e.g. not adjusted 
p=0.011 *10 => adjusted p=0.11). A significance level of 0.05 was maintained (p 
must be <0.05 to be significant). p<0.1 may indicate a trend meaning that if we had 
more samples possibly it would have been significant. 

5 Results and Discussion 

Based on the Shapiro-Wilk non-parametric test for normality only few questions in 
few museums follow normal distribution. We proceed with the non parametric test 
Kruskal-Wallis for each question to reject the null hypothesis that all scores are simi-
lar for all museums. The hypothesis is rejected on sig(P)<0.05. We examine which 
museums present difference for the questions highlighted by K-W Test using Mann-
Whitney Test. We adjust p values for multiple comparisons by multiplying p value 
with number of comparisons (5 museums in pairs=10). (e.g. not adjusted p=0.011 *10 
=> adjusted p=0.11). Based on the above the statistically significant differences are: 

In the question that concerns the overall reaction of the user to the virtual museum 
webpage there was statistical difference between:  

• The interactive virtual museum with the scalable images and texts (M2) scored 
better (MDN=5,IQR(6,5-5)) that has scored better than the virtual museum with 
the panoramic images (M1) (MDN=5,IQR(6-5)) with adjusted p=0.00. Novel in-
teractive technologies that permit the close inspection of virtual museum objects 
and provide the opportunity to the users have to observe the details of museum ob-
jects on a screen are more attracting and engaging for the virtual visitors than the 
panoramic images that do not provide enough context information about the exhi-
bits and partially distort the museum interior they present.  

• The virtual museum that simulated a 3D reconstructed museum space (M4) 
(MDN=6,IQR=(7-5)) that has scored –as expected- better than the virtual museum 
with the panoramic images (M1)(MDN=5,IQR(6-5)) with adjusted p=0.00. In the 
simulated 3D virtual museum environment the virtual visitor can freely navigate, 
select and obtain information about the exhibits, whereas in the panoramic images 
the functions of the virtual museum and the opportunities for navigation and explo-
ration provided to the virtual visitors are limited. 

• The interactive virtual museum with the scalable images and texts (M2) 
(MDN=6,IQR(6,5-5)) that has scored –as expected- better than the virtual museum 
with the searching utility for images and texts (M3) (MDN=5,IQR(4-6)) with ad-
justed p=0.00.  

• The virtual museum that simulated a 3D reconstructed museum space (M4) 
(MDN=6,IQR=(7-5)) that has scored –as expected- better than the virtual museum 
with the searching utility for images and texts (M3) (MDN=5,IQR(4-6)) with  
adjusted p=0.00. The result is influenced by the phenomenon of disconnectedness, 
in which the virtual visitors jump from page to page [13, after 14] rather than  
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following a progressive path in a simulated 3D virtual museum environment that 
provides a clearer perception of its exhibits.  

In the question that concerns the subjective satisfaction: 

• The interactive virtual museum with the scalable images and texts (M2) 
(MDN=6,IQR(7-5)) and the virtual museum that simulated a 3D reconstructed mu-
seum space (M4) (MDN=6,IQR(7-5)) have scored better than the virtual museum 
with the searching utility for images and texts (M3) (MDN=5,IQR(6-4)) with ad-
justed p=0.03. 

The virtual museum with the searching utility for images and texts has received low 
scores and this can be explained by the fact that it can be useful for people, such as 
students and experts that search for specific information, but it does not have the abili-
ty to connect the virtual museum exhibits with their context and the virtual museum 
space, to make a deep impression and convey a virtual museum experience that can be 
accompanied by the sense of entertainment, joy, and learning.    

Acknowledgments. The authors would like to thank the participants that take part in 
the experiment. 

References 

1. Van Welie, M., Klaasse, B.: Evaluating Museum Websites using Design Patterns, Tech-
nical report number: IR-IMSE-001, http://www.welie.com/papers/IR-IMSE-
001-museum-sites.pdf (December 2004) 

2. Avouris, N., Tselios, N., Fidas, C., Papachristos, E.: Website evaluation: A usability-based 
perspective. In: Manolopoulos, Y., Evripidou, S., Kakas, A.C. (eds.) PCI 2001. LNCS, 
vol. 2563, pp. 217–231. Springer, Heidelberg (2003) 

3. Karoulis, A., Sylaiou, S., White, M.: Combinatory Usability Evaluation of an Educational 
Virtual Museum Interface. In: 6th IEEE International Conference on Advanced Learning 
Technologies (ICALT 2006), Kerkrade, The Netherlands, pp. 340–342 (2006) 

4. Sylaiou, S., Almosawi, A., Mania, K., White, M.: Preliminary Evaluation of the  
Augmented Representation of Cultural Objects System. In: The Proceedings of the 10th 
International Conference on Virtual Systems and Multimedia, Hybrid Realities-Digital 
Partners, Explorations in Art, Heritage, Science and the Human Factor, VSMM Confe-
rence, Softopia, Ogaki City, Japan, November 17-19, pp. 426–431 (2004) 

5. Sylaiou, S., Economou, M., Karoulis, A., White, M.: The evaluation of ARCO: A lesson in 
curatorial competence and intuition with new technology. ACM Theoretical and Practical 
Computer Applications in Entertainment 6(2) (April/June 2008),  
doi:10.1145/1371216.1371226, ISSN: 1544-3574; Impact Factor: 0.033 

6. Sylaiou, S., Mania, K., Karoulis, A., White, M.: Presence-centred Usability Evaluation of a 
Virtual Museum: Exploring the Relationship between Presence, Previous User Experience 
and Enjoyment. International Journal of Human-Computer Studies (IJHCS) 68(5),  
243–253 (2010) 
 



 Usability Evaluation of Virtual Museums’ Interfaces Visualization Technologies 133 

7. Sylaiou, S., Mania, K., Paliokas, Y., Killintzis, V., Liarokapis, F., Patias, P.: Exploring the 
effect of diverse technologies incorporated in virtual museums on visitors’ perceived sense 
of presence. In: Museums and Intelligent Environments (MasIE), Workshop co-located 
with the 9th International Conference on Intelligent Environments - IE 2013, Organized  
by IEEE, National Technical University of Athens, University of Thessaly. IOS Press, 
Hellenic Open University (2013) 

8. Sargent, R.: Building Cybercabinets: Guidelines for Online Access to Digital Natural 
 History Collections. In: Proctor, N., Cherry, R. (eds.) Museums and the Web 2013.  
Museums and the Web, Silver Spring (2013) (Consulted December 24, 2013), 
http://mw2013.museumsandtheweb.com/paper/building-
cybercabinets-guidelines-for-online-access-to-digital-
natural-history-collections/ 

9. Lopatovska, I., Bierlein, I., Lember, H., Meyer, E.: Exploring Requirements for Online Art 
Collections. To be Published in the Proceedings of the 76th Annual Meeting of the Ameri-
can Society for Information Science and Technology, Montreal, Canada, November 1-6 
(2013), http://www.asis.org/asist2013/proceedings/submissions/ 
posters/38poster.pdf 

10. Sylaiou, S., Liarokapis, F., Kotsakis, K., Patias, P.: Virtual museums, a survey and some 
issues for consideration. Journal of Cultural Heritage 10(4), 520–528 (2009) 

11. Lynch, K.: The Image of the City. MIT Press, Cambridge (1960) 
12. Pietrykowski, B., Faber, J.: Developing the Virtual Museum: Current Models and  

Future Directions, http://www.tensionsofeurope.eu/www/en/files/get/ 
Proposal_EM_Virtual_Museum_Pietrykowski.pdf 

13. Cody, S.A.: Historical Museums on the World Wide Web: An Exploration and Critical 
Analysis. The Public Historian 19(4), 40 (1997) 

14. McDonald, M.: The Museum and the Web: Three Case Studies,  
http://xroads.virginia.edu/~ma05/macdonald/museums/all.pdf 


	Usability Evaluation of Virtual Museums’ Interfaces Visualization Technologies
	1 Introduction
	2 Virtual Museums
	3 Usability Evaluation
	4 Materials and Methods
	4.1 Participants
	4.2 Experimental Procedure
	4.3 Statistical Analysis

	5 Results and Discussion
	References




