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ABSTRACT 

The visualization of an architectural project has always been associated with 

physical models, two-dimensional impressions, and panels and in recent years, on 

computer screens visualization, usually with a high resolution or large in size. 

However, technological developments have produced new devices, such as 

handheld PCs, pocket PCs, and Smartphones that have increasingly larger screens 

and sophisticated technical characteristics. The emergence of these devices has 

created a new workflow that enables on-site management and decision making 

through the viewing of information on those devices. In this paper, we will study 

the basic features of the architectural image to provide a better user experience for 

browsing these types of images on mobile devices’ limited and heterogeneous 
screen sizes by comparing the results with traditional and immersive environments. 
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1 INTRODUCTION 

 

 Mobile phones are now a part of many aspects of 

everyday life, in particular, Smartphones, a typology 

of mobile devices with advanced applications to play 

music, take and store photographs, browse web 
pages, send email, and the capacity to view all types 

of contents [1]. The research community is exploring 

the possibilities that these devices offer users, 

ranging from optimizing the presentation of 

information and creating an augmented reality, to 

user interaction, usability, or satisfaction. Recently, 

one of the most researched themes on the use of 

these new technologies has been information 

visualization (IV). IV is a well-established discipline 

that proposes graphical approaches to help users 

understand and make sense of large volumes of 
information [2]. The small screens of handheld 

devices provide a clear imperative to designing 

visual information carefully and presenting it in the 

most effective way. Limited screen size makes it 

difficult to display large information spaces (e.g., 

maps, photographs, web pages, etc.) [3]. 

 Among the various lines of research associated 

with mobile communication technology, the 

spotlight falls on web content and geographical 

information retrieval frameworks in an attempt to 

resolve searches and access information. Screen 

resolution, the resolution and size of the image, 

compression level, color model, or the type of 

connection or transfer rates of map locations or 

routes have been widely studied [3, 4], where quick 

and constant updates are vital; in conclusion, the 

simplification of information is important. To work 
with photographic and architectural images, this 

simplification is more difficult to achieve without 

sacrificing important information or details. 

Therefore, it is essential to employ efficient 

visualization mechanisms that guarantee 

straightforward and understandable access to 

relevant information. Meanwhile, the major 

limitation from a user’s viewpoint is moving away 

from data volume (or time-to-wait) to screen size 

because of the brisk development of hardware 

technologies that improve the connections [4].  
 In this paper, we propose a novel point of view 

of image visualization that specifically focuses on 

architectural images. The main contribution of our 

work is the evaluation of user experience when 

viewing images in three different environments: 

computer screen, HMD (Head Mounted Display), 

and mobile phone. We want to define the best range 

of compression and color models of the image to 

generate an optimal visual experience. To carry out 

our work and based on the methodology and results 

of previous phases [5], we focus on the evaluation of 

Special Issue on Visual Interfaces and User Experience: new approaches ISSN 1992-8424

UbiCC Journal Page 1262 www.ubicc.org



 

the perceived quality and the relationship between 

the color model and level of compression and their 

influence on the user’s emotional framework. This 

approach is intended to complement traditional 

studies, where user perception and the characteristics 

of the human visual system have received little 

attention [6]. This paper completes and extends the 

results and the procedures used in our research and 

presented at Digital Information and Communication 

Technology and its Applications (DICTAP 2011), 

held in Dijon [7]. 

 

2 RELATED WORK 

 

2.1 Traditional vs. new technological 

environments of visualization 

 

 Compared with other physical environments or 

digital screens, mobile devices have many 

restrictions when developing visualization 

applications [8]: 

 Displays are limited due to smaller size, 
lower resolution, fewer colors, and other 

factors. 

 The width/height aspect ratio differs from 

the usual 4:3. 

 Onboard hardware, including the processor, 

memory, buses, and graphic hardware, is 

much less powerful. 

 Connectivity is slower, affecting 

interactivity when a significant quantity of 

data is stored on remote databases. 

 
The limited display area is the most important 

initial restriction and this impacts the effort required 

by users in their interaction with software on 

handheld devices and can reduce their ability to 

complete search-type tasks [9] or view some details 

of the information.  

Users of Smartphones often incur further costs 

in both monetary terms and response time as wireless 

data transfer rates are generally slower than those 

available on networked desktop computers are. 

Response times to data requests are longer and 

unproductive user „wait time‟ increases. It is 
assumed that the optimization of the size and image 

resolution will help improve visualization in such 

devices and create efficient transfer of information, 

therefore, improving the in data connection. 

 Taking into account the restrictions of this type 

of technology, is important to define routines in the 

design process to improve the adaptation of the 

contents based on the typology of  the image, the 

final user, and of course, the device.  

 As we will see throughout this paper, the user 

behavior varies depending on whether the image is 
related to the subject area of expertness (architectural 

framework) and according to the technique with 

which the image has been generated (photographic, 

infographic, photo-composition, or High Dynamic 

Range, HDR) and the typology of the visualization 

environment (printed, computer screen, HMD, or 

mobile devices).   

2.2   Browsing Images 

 Several techniques had been proposed to display 

large quantities of information intended for web page 
display on mobile devices [3], which are usually 

unsuitable for displaying images and maps. The most 

common technique is to provide users with panning 

and zooming capabilities that allow them to select 

the portion of space to view.  

 With these techniques, the sizes and resolutions 

of the images remain the same, but as previously 

noted, the transmission or display speeds can be 

reduced. Researchers have also studied the image 

adaptation problem for some time [4]. Most of them 

identify three areas of client variation: network, 

hardware and software, and their corresponding 
image distillation functions: file size reduction, color 

reduction, and format conversion [10].  

 Our  research has focused on modifications 

related to the color model and compression ratio 

based on original JPG images and performing 

adaptive compression in JPEG2000. As the results 

confirm, the architectural content viewing on small 

screens allows a higher compression ratio and the 

possibility to work with images in grayscale model, 

because of the reduction of quality perceived by the 

user compared with other environments with higher 
resolution or with larger screen sizes is minor in this 

type of devices. 

Browsing large photos, drawings, or diagrams is 

more problematic on mobile devices. To reduce the 

number of scroll and zoom operations required for 

browsing, researchers are adapting text visualization 

techniques, such as RSVP (rapid serial visual 

presentation) to enable users to view information 

through selected portions of a picture [4]. For 

example, some studies propose an RSVP browser for 

photographs that use an image-processing algorithm 
to identify possible points of interest, such as 

people‟s faces.  

User evaluation results indicate that the browser 

works well with group photos but is less effective 

with generic images, such as those taken from the 

news. From an architectural perspective, the new 

portable devices are gaining acceptance as useful 

tools on construction sites [11]. Software 

applications previously confined to desktop 

computers are now available on the construction site, 

and the data is accessible through a wireless Internet 

connection [12]. 
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2.2  Adaptative Design 

Client device capability, network bandwidth, 

and user preferences are becoming increasingly 

diverse and heterogeneous. To create the best value 

among all variables (user, interface, and message), 

various proposals have recently been generated, all 

of them focused on the generation of information 

transcoding [13, 14]. In short, these systems 

proposed a framework for determining when and 
how to transcode images in an HTTP proxy server 

while focusing their research on saving response 

time by JPEG/GIF compression, or color-to-

grayscale conversion. Many media processing 

technologies can be used to improve the user‟s 

experience within a heterogeneous network 

environment [14]. These technologies can be 

grouped into five categories: information abstraction, 

modality transformation, data transcoding, data 

prioritization, and purpose classification. 

The research for this paper focused on studying 

data transcoding technology (the process of 
converting the data format according to client device 

capability), and in particular, the evaluation of user 

behavior during the visualization of images that 

undergo a change in color system, compression 

format, or both. Based on the results of this 

experiment and compared with those from other 

analyzed environments (computer screen, projector 

screen, HMD), we concluded that the first 

experimental approach to the architectural image 

features should be based on the visual environment 

to improve communication for a particular user. To 
analyze our research proposal, two working 

hypotheses will be enunciated and expanded: 

 H1: Images with less detail and a better 

differentiation between figure and ground 

(usually infographic images) are more 

amenable to high compression without loss 

of quality awareness.  

 H2: Architectural images in black and white 

do not convey the entire message (they lose 

information about materials and lighting), 

and their quality and emotional affect is 
reduced on smaller screens (on a mobile 

screen) compared with larger ones 

(computer and HMD) because it is difficult 

to see detailed information. 

 

3 METHDOLOGY 

 

We employed two models of images in the test 

design. The first is a representative selection from 

the IAPS system [15], tested in several previous 

studies (for example [16, 17, 18]) and in our previous 

phases. These were used as control images and 
placed at the beginning (7 images) and at the end (7 

images) of the test.  

The second group of images related to the 

architectural project were split into the following 

diverse sub-groups: infographic images generated by 

computer (18 images); explanatory photographic 

images of a concrete project (Bridge AZUD, Ebro 

River in Zaragoza, Spain, Isidro Navarro, 2008, 19 

images); composition panels (used in the course 

“Informatics Tools, Level 2.,” Architectural Degree, 

La Salle, Ramon Llull University, 7 images); and 

HDR photographic images (6 images).  

Our two models combined original images of the 
IAPS system (color images with a resolution of 

1024768) and architectural color images (with 

resolutions between 800600 and 49003500). 
Images were also modified in terms of color 

(converted to black and white) and levels of 

compression (JPG changes into JPG2000 with 

compression rates of between 80% and 95%).  

The main motivation for using the JPEG 2000 

model (an international standard ISO-15444 

developed in open source code) is the most obvious 

[19]: its increased compression capability, which is 

especially useful in high-resolution images [20, 21]. 

Another interesting aspect of the JPG2000 format is 

the ROI (region-of-interest) coding scheme and 
spatial/SNR scalability that provide a useful 

functionality of progressive encoding and display for 

fast database access, as well as for delivering various 

resolutions to terminals with different capabilities in 

terms of display and bandwidth [4].  

Regarding the type of images, the test method 

involved the following steps. Test selection was 

based on the type of display used: 

 Using a PowerPoint® presentation, the 

facilitator explains the test and collects 

general information about the environment 

(local time, date, place, and information 
about the screen).  

 With the on-line system implemented in 

previous phases, this information is directly 

captured with the information about the 

display and user data [22].  

 For mobile environment, we have chosen 

the PPT test visualization (Fig. 1), because 

the on-line model showed low usability of 

our web system [23] on small screens (we 

need a lot of “panning actions” and the 

charge time depends directly on the data 
connection and the size of the image, Fig. 

2). 

 
Fig. 1. On-Line Test in mobile device. 

Special Issue on Visual Interfaces and User Experience: new approaches ISSN 1992-8424

UbiCC Journal Page 1264 www.ubicc.org



 

 
Fig. 2. Paper test and PPT model in mobile device. 

 

The facilitator (or web system) displays the two 

previous images to test the evaluation methodology. 

Without providing a definite time limit, the 

facilitator explains the manner in which the user 

must evaluate the images. 

 The user evaluates the images on three 

levels (valence, arousal, and quality 
perceived) using the SAM test (Fig. 3, 

original model paper or Fig. 4, on-line 

version).  

 Once the user completes the evaluation, the 

system jumps automatically to the 

subsequent image. If the user is unable to 

complete the evaluation, the concepts are 

left unmarked within the system. 

 

 

Fig. 3. Portion of original SAM paper test developed 

by IAPS [15]. 

 

 
Fig. 4. On-line SAM test developed in previous 

phases [5]. 

 

The test was conducted in three screens:  

 Generic computer screen: 17” diagonal 

distance with a resolution of 12801024 and 
0.4–0.5 m between user and the screen. A 

sample of 34 users was involved in the 

evaluation: 12 women (Average Age (Av): 
27.7 years; Standard Deviation (SD): 7.2) 

and 22 men (Av: 28.86 years; SD: 7.01).  

 Head Mounted Display (5DT HMD 800-

40): 0.49” equivalent to 44” at 2 m 

visualization (distance: 0.03–0.04 m), 

resolution of 800600 per display. We 
tested 14 users: 6 women (Av: 25.83 years; 

SD: 6.36) and 8 men (Av: 27.25 years; SD: 

6.45). 

 Smartphone (Nokia n97 mini): 3.2”, 

resolution of 640360 and 0.3–0.4 m of 
distance visualization. We tested 20 users: 

10 women (Av: 28.7 years; SD: 4.74) and 

10 men (Av: 26.5 years; SD: 6.47). 
  

4 RESULTS 

 

The first analysis realized compares the overall 

quality perceived in function of the user experience 

viewing architectural images. We have made a 

different evaluation in function of: 

 The type of creation of the image: 

infographic images (Fig. 5), photographic 

(Fig. 6), composition panels (Fig. 7), and 

HDR images (Fig. 9). 

 Model color (Color vs. Grayscale, view x-

axis of the following figures). 

 Compression rates (x-axis of the graphs). 
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Fig. 5. Quality perceived of infographic images. 

 

 
Fig. 6. Quality perceived of photographic images (x-

axis: 1-3 color images and 4-5 gray scale. 1 and 4 

original, 2 and 5, JP2000 80%, 3 and 6, JP2000 95%). 

 
Fig. 7. Quality perceived of composition panels (x-

axis: 1-7 different models all in color original JPEG 

format without compression, see Fig.8). 

 

 
Fig.8. Composition Panels. 

 

 
Fig. 9. Quality perceived of HDR pack images (x-

axis: 1,4 color, 2,5 gray scale, 3,6 HDR composition 

images). 

 

 Including the control images, the general quality 

average is 6.27 (SD:1.87) for viewing on a mobile 

screen, 5.71 (SD: 1.85) for viewing on a computer 

screen, and 5.54 (SD: 1.63) for the HMD. 

To check the relevance of the differences, we 

realized a statistic analysis comparing the variances 

and the averages with an ANOVA study. There is a 
statistically significant difference with a significance 

level above 90% ( = 0.1), between mobile device 
and HMD screen, so the mobile screen quality is 

significantly higher (P(t) = 0.061). In addition, there 

is a statistically significant difference with a 

significance level above 80% between mobile device 

and standard computer screen (17–19”), so the 

mobile screen quality is significantly higher (P(t) = 

0.177).  

With these results, we should be able to confirm 

that to match the perceived quality of these 

environments in the case of infographic images, a 

high compression (between 80 and 90%) can be 
easily supported without significantly lowering its 

assessment in respect of the original, especially on a 

mobile screen.  

In line with previous phases of our investigation 

[5], in the case of conversion to black and white, a 

sharp reduction is seen regardless of the resolution 

and level of compression of the infographic image: 

about 13% on mobile and computer screens, and 

25% on HMD. This information tells us that the use 

of black and white in an architectural framework is 

not valid.  
 Working with photographic images generates 

similar results obtained in the comparison of the 

various existing typologies: they have a minor 

reduction in perceived quality between the original 

images in color and with their modifications in 

grayscale, even for high compression rates. In the 

other environments studied [22], changes associated 

with the grayscale images and high rates of 

compression result in a statistically significant 

response, which does not happen for mobile viewing. 

 Comparing the results in terms of user 

experience, we can affirm that expert users are more 
sensitive to both quality losses to the details that 
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allow for greater compression of the architectural 

message. Aspects that influence the results obtained 

in this experiment range from the lack of usability in 

architectural image viewing on mobile devices; the 

lack of accuracy in having a smaller screen size than 

other traditional large screens with more resolution 

and quality; and the reduction in quality when the 

image have elements of small size and text, as in the 

case of composite panels. 

 

5 DISCUSSION 
 

 Analyzing the two hypotheses proposed: 

 H1: This hypothesis is not fulfilled. 

Infographic images have a worse perceived 

quality assessment when the compression 

rate increases, behavior associated with an 

increased level of compression, grayscale 

visualization, or a low resolution displays 

with small size. Their photographic images 

support the loss of quality better than other 

type of images do, something that allows us 
to affirm that the user is not aware of the 

loss of details of images while viewing 

them in a smaller size and with color 

reductions or high compression rates. 

Images with better differentiation between 

figure and background as the compositions 

obtained low values of perceived quality, 

confirming that this type of image works 

well in print models but not in digital media.  

 H2: This hypothesis is also not fulfilled. In 

the mobile display, the grayscale images 

have a reduction in perceived quality over 
the original color much lower than in other 

devices, such as the projector or computer 

screen. The user’s situation, far from the 

optimum distance and the low resolution of 

mobile screens, can sacrifice much in 

resolution, compression quality, and color 

mode of images without affecting the 

quality perceived by end users. This result 

allows us to state that while the work with 

images in grayscale is associated with a loss 

of perceived quality in the field of 
architecture is a good working system for 

viewing on small sizes screens, linking their 

work to check drafts, preliminary work, and 

so on. 

 In conclusion, it is interesting to note that the 

perceived quality between expert users in the 

visualization of architectural images and those who 

are not is not statistically significant. On the other 

hand, we find statistically significant differences, 

over the threshold of 90% or even 95%, when we 

assess the emotional parameters, for example, the 

valence and arousal levels. This result confirms 
differentiated perception and image links depending 

on the social substratum of the user that views the 

image information. This is something to consider 

when generating content. It will be interesting to 

consider not only the parameters related to the design 

of the image but also with the end user and the 

environment displayed. 

 

6 REFERENCES 

[1] Sousa, R., Nisi, V., Oakley, I. : Glaze: a 

visualtization framework for mobile devices. 

Springer Berlin. In: Proceedings of the 12th IFIP 

TC 13 International Conference on Human-
Computer Interaction: Part I (INTERACT '09), 

pp 870-873. Springer-Verlag, Berlin (2009). 

[2] Carmo, M. B., Afonso, A. P., Matos, P. P.: 

Visualization of geographic query results for 

small screen devices. In Proceedings of the 4th 

ACM workshop on Geographical information 

retrieval  (GIR ’07), pp. 63-64. ACM, New York, 

(2007) . 

[3] Burigat, S., Chittaro, L., Gabrielli, S.: 

Visualizing locations of off-screen objects on 

mobile devices: A Comparative Evaluation of 
Three Approaches. In: Proceedings of the 8th 

conference on Human-computer interaction with 

mobile devices and services (MobileHCI ’06), 

pp. 239-246. ACM, New York, (2006). 

[4] Chen, L., Xie, S., Fan, X., Ma, W, Y., Zhang, 

H.J, Zhou, H.Q.: A visual attention model for 

adapting images on small devices. J. Multimed 

Syst. 9, 4, 353-364 (2003). 

[5] Fonseca, D., Garcia, O., Duran, J., Pifarre, M., 

Villegas, E.: An image-centred "search and 

indexation system" based in user’s data and 

perceived emotion. In Proceeding of the 3rd 
ACM international Workshop on Human-

Centered Computing. pp. 27-34. ACM, New 

York, (2008). 

[6] Fan, X., Xie, X., Ma, W., Zhang, H. Z.: visual 

attention based image browsing on mobile 

devices. In Proceedings of the 2003 International 

Conference on Multimedia and Expo (ICME), 

pp. 53-56. IEEE Computer Society (2003). 

[7] Fonseca, D., Redondo, E., Navarro, I., Pifarré, 

M., Villegas, E., Mobile Visualization of 

Architectural Projects. Quality and emotional 
evaluation based on user experience, 

International Conference on Digital Information 

and Communication Technology and its 

Applications (DICTAP 2011), Dijon, France, 

Part I, CCIS 166, pp. 407–416, 2011. 

[8] Chittaro, L.: Visualizing information on mobile 

devices. J. Computer , 39, 3, 40-45. (2006).  

[9] Jones, S., Jones, M., Deo, S.: Using keyphrases 

as search result surrogates on small screen 

devices. J. Personal and Ubiquitous Computing , 

8, 1, 55-68. (2004).  

[10] Smith, J.R., Mohan, R., Li, C.S. : Content-based 
transcoding of images in the internet. In 

Proceedings of  5th Int. Conf. on Image 

Special Issue on Visual Interfaces and User Experience: new approaches ISSN 1992-8424

UbiCC Journal Page 1267 www.ubicc.org



 

Processing (ICIP-98), pp. 7-11, (1998). 

[11] Saidi, K., Hass, C., Balli, N.: The value of 

handheld computers in construction. In 

Proceedings of the 19th International 

Symposium on Automation and Robotics in 

Construction. Washington, (2002). 

[12] Lipman, R.: Mobile 3D visualization for steel 

structures. J. Automation in Construction, 13, 

119-125, (2004). 

[13] Han, R., Bhagwat, P., LaMIare, R., Mummert, 

T., Perret, V., Rubas, J.: Dynamic Adaptation in 
an image transcoding proxy for mobile web 

browsing. J. IEEE Pers Commun, 5, 6, 8-17. 

(1998). 

[14] Ma, W., Bedner, I., Chang, G., Kuchinsky, A., 

& Zhang, H.: Framework for adaptive content 

delivery in heterogeneous network environments. 

In Proceedings of SPIE (Multimedia Comput 

Network), pp. 86-100. The Smithsoniana/NASA 

Astrophysics Data System. (2000). 

[15] Lang, P., Bradley, M., Cuthbert, B.: 

International affective picture system (IAPS): 
Technical manual and affective ratings. 

Technical Report, Gainesville, USA.(1997). 

[16] Houtveen, J., Rietveld, S., Schoutrop, M., 

Spiering, M., Brosschot, J.: A repressive coping 

style and affective, facial and physiological 

responses to looking at emotional pictures. J. of 

Psychophysiology , 42, 265-277. (2001) . 

[17] Aguilar, F., Verdejo, A., Peralta, M., Sánchez, 

M., Pérez, M.: Expirience of emotions in 

substance abusers exposed to images containing 

neutral, positive, and negative affective stimuli. J. 

Drug and Alcohol Dependece 78, 159-167. 

(2005) . 

[18] Verschuere, B., Crombez, G., & Koster, E. 

(2007). Cross cultural validation of the IAPS. 

Technical report, Ghent University, Belgium 

(2007). 

[19] Bernier, R.: An introduction to JPEG 2000. J. 

Library Hi Tech News , 23, 7, 26-27 (2006). 

[20] Hughitt, V., Ireland, J., Mueller, D., Simitoglu, 
G., Garcia Ortiz, J., Schmidt, L., Wamsler, B., 

Beck, J., Alexandarian, A., Fleck, B.: 

Helioviewer.org: Browsing very large image 

archives online using JPEG2000. In American 

Geophysical Union, Fall Meeting, 

Smithsonian/NASA Astrophysics Data, (2009) 

[21] Rosenbaum, R., Schumann, H.: JPEG2000-

based image communication for modern 

browsing techniques. In Proceedings of the SPIE 

(Image and Video Communications and 

Processing), pp. 1019-1030, International 
Society for Optical Engineering, (2005). 

[22] Fonseca, D., Garcia, O., Navarro, I., Duran, J., 

Villegas, E., Pifarre, M.: Iconographic web 

image classification based on open source 

technology. In IIIS Proceedings of the 13th 

World Multi-Conference on Systemics, 

Cybernetics and Informatics  (WMSCI09). 3, pp. 

184-189. Orlando (2009). 

 

 
 

Special Issue on Visual Interfaces and User Experience: new approaches ISSN 1992-8424

UbiCC Journal Page 1268 www.ubicc.org




