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Abstract: 

The web contains a huge number of potentially useful digital pictures. For scholars publishing such images it is important to know how well used their images are, but no method seems to exist for monitoring the value of academic images. To fill this gap, could the impact of scientific or artistic images be assessed through counting copies on the Internet? This article explores a case study of 260 NASA images to investigate whether the TinEye search engine could theoretically help to provide this information. The selected pictures had a median of 11 online copies each and a classification of 210 of these copies showed that only 1.4% were explicitly used in academic publications, reflecting research impact. The majority of the NASA pictures were used for informal scholarly (or educational) communication (37%), navigation (21%) or as backgrounds (25%). Other academic images, such as art, may have a much broader reach, however. Hence, whilst the figures show that it is technically possible to track image impact online, the results may indicate wider public interest or contributions to education rather than measuring direct contributions to research findings. Additional analyses of world famous paintings and scientific images about pathology and molecular structures suggest that image contents are important for the type and extent of their use. Finally, although it seems reasonable to use statistics derived from TinEye for assessing image reuse value, the extent of its image indexing is not known.
Introduction

Scientists are increasingly evaluated by the number of journal articles that they produce or the number of citations that their work attracts (e.g., Moed, 2005). This is not applicable to the arts and humanities, however, because of the wide variety of outputs that they routinely create. Books and monographs are often seen as the prime output in the humanities (see Nederhof, 2006; Huang & Chang, 2008) whereas artists might be judged by the prestige of galleries exhibiting their work, whether a piece has been performed by internationally recognised performers or from where they have received commissions. Currently, however, a significant number of scientists engage in some work akin to the arts and humanities: Stephen Hawking and many other scientists have authored popular books; Martyn Poliakoff (a chemist) is regularly seen in the popular science Nottingham Science YouTube channel, and NASA maintains a huge online archive of free space-related images. These activities all seem valuable for the popularisation of science and for science education, yet because the outputs are atypical for researchers, their creators may be insufficiently recognised for their efforts, undermining their motivation to continue with similar projects in the future.  


The web has created new opportunities for publishing and sharing digital images for research, artistic or social activities. The enormous increase in the number of digital images on the Internet has coincided with the development of many easy ways to access, duplicate or modify them. Thus, it is important to assess the impact of online digital images as a type of non-standard research output. Whereas most outputs have a natural metric for their popularity or impact (e.g., book sales, article citations) and some digital resource have natural metrics (e.g., YouTube video views, web page hit counts) this is not the case for digital images if they are outside of a standard archive like Flickr or copied and used elsewhere. For example, the NASA image archive seems likely to attract the interest of pupils and students who may reuse selected images in their assignments. Although NASA can track the popularity of individual images through their web server log files, they cannot use this method to identify copying and reuse. Moreover, they could not compare their results with those of other archives unless those archives made their access figures public and robust comparisons were possible, which seems unlikely since this is not even possible for digital libraries. What is needed, then, is a generic mechanism to assess how often an image has been used or copied. 

 The keyword-based search facilities of commercial search engines like Google and Yahoo! are not designed to locate copies of specific images and so are not suitable for impact assessment. In fact, some experts believe that text queries are difficult or not appropriate to find images (e.g., Brunskill, Jörgensen, 2005; Choi & Rasmussen, 2003; Pu, 2005; Roberts, 2001) and so some image identification technology uses pattern recognition algorithms instead. Non-text image searching is technically possible now and is available online with the image search engine TinEye. TinEye accepts an image file as a query and returns a list of online images judged to be identical or highly similar. Using this mechanism it seems possible to estimate how often any image has been copied on the web, even if it has been altered with image editing tools. 

This article reports an exploratory case study using TinEye to identify the extent of web reuse of popular digital images from NASA and secondary case studies of pictures by famous painters and biological and medical image databases. The objective is to use the results to ground a discussion of the extent to which identifying online image reuse could help to assess the value of particular academic images. Note that the choice of popular types of image in two of the cases is a conscious attempt to get sufficient results to analyse even though a genuinely practical technique would have to work on a far wider range of images. 

Academic image use and assessment
Images, such as photographs, graphs and 3-D models, are an essential part of science (Lemke, 1998). They have many scientific and artistic applications, including for the portrayal of genome structures (Glasbey & Horgan, 1995), medical diagnoses (Lim, Feng & Cai, 2000), radiology imaging (Buntic et al., 1997) history (e.g., artefacts and ancient documents) and art (e.g., paintings and photographs). For instance, biomedical researchers tend to include a significant number of images in their publications to report experimental results, to present research models, and to display examples of biomedical objects. About “5.2 images per biological article in the journal Proceedings of the National Academy of Sciences (PNAS)” and “43% of the articles in the medical journal The Lancet contain biomedical images” (Rafkind, Lee, Chang & Yu, 2006, p.73). There are now also many scientific digital image repositories such as for microscopic pathology and radiology (WebPath, 2010), the macromolecular structures of proteins (Protein Data Bank, 2010) and botany (Botanical Online Image Collection, 2010). These were presumably set up to help future scientific research or education.

There are also many online digital image collections for art and the humanities. The British Museum collection database online, for instance, contains the images and information of “almost two million objects” from the Museum and “is primarily designed to support curatorial and research work” (British Museum, 2010). The Library of Congress Digital Collection has digitized over 1 million images of historic manuscripts, maps, and other documents about American history, culture, and art (Library of Congress, 2010). Moreover, in addition to the many institutional and academic online image collections, it seems that new large-scale photo-sharing systems, such as Flickr with more than 4 billion photos, (Flickr, 2010) have created a unique digital environment for sharing user-generated images, including for some academic-related purposes (Angus, Thelwall, & Stuart, 2008). 
Although there seems to have been an explosion in online image collections and databases, there has been no practical and systematic method to assess how and where individual images are used. Recognising the importance of the issue, a number of initiatives have developed methods to assess the impact of entire digital repositories (e.g., Meyer, Eccles, Thelwall, & Madsen, 2009; Spiro & Segal, 2007) but none have developed transferable methods to track individual images.
Most library and information science investigations about images have been user studies focusing on search behaviour (e.g., Beaudoin, 2009; Choi & Rasmussen, 2003; Chen, 2001; Goodrum & Spink, 2001; Hung, 2005; Jansen, 2008; Matusiak, 2006; Ornager, 1997; Pu, 2005, 2008). Image retrieval systems have also been discussed, including concept-based (e.g., using textual information or controlled vocabularies) or content-based (using visual characteristics of images such as colour, shape, and texture) image retrieval (for reviews see Eakins, 2002; Goodrum, 2000; Rasmussen, 1997; Smeulders et al., 2000). More recently, the advent of social network sites, such as Facebook, MySpace and Flickr, providing large-scale online photo-sharing has created a new research area investigating user-generated collections of images (e.g., Jansen, 2008; Strano, 2008; Stvilia & Jörgensen, 2009).
This paper studies the potential use of images as a data source for research impact evaluation and uses image identification technology for impact assessment research – both for the first time. 
Research questions

Counting academic publications and citations is a well-known method for assessing scientific productivity. Existing methods and tools (e.g., Web of Science and Scopus) are suitable for textual publications such as articles but it is not known whether it is theoretically possible to monitor the value of academic images through identifying images copied or reused on the Web. A case study of NASA images taken by the Hubble Space Telescope investigated with the TinEye image search engine is used to address the questions below to assess whether online image search engines could be used for scholarly image impact assessment. The case study purpose is not to assess whether typical images are reused, which they probably would not be, but to assess whether the technology is viable and useful for assessing high profile collections of academic images. 
1) Is the TinEye image search engine able to identify online copies of academic images?

2) What are the common motivations for copying academic images online and can they be used to assess aspects of research impact or informal scholarly communication? 

3) Are image types important in the copying of digital images online and TinEye’s ability to retrieve them?

Secondary case studies of famous paintings and case studies of biological and medical image databases were used to address the third research question.

Methods
A sample of digital images was selected from the NASA astronomy digital collection and the number of TinEye matches was recorded for each one. Apparent motivations for using the images were also classified in order to identify whether they were used for research or other scholarly activities. Secondary analyses of images from world famous painters, pathology and molecular structures were used to examine image type differences. 
Selection of NASA digital pictures

The study needed unique free, open access, online scholarly digital images. In order to have a reasonable chance of being used, the digital images should have been deposited online several years ago. The NASA astronomy pictures fit this profile. In the field of observational astronomy “the largest numbers of papers now come from the Hubble Space Telescope” (Trimble, 2009) and many highly cited papers are based on Hubble explorations of objects in the very distant universe, and so pictures taken by Hubble Space Telescope were selected. The hubblesite.org web site is “the complete collection of every Hubble Space Telescope picture” (HubbleSite, 2009), and was therefore chosen. The HubbleSite News Release Archive has a limited collection of pictures from each year’s news releases. All 277 digital images published during 2000-2006 were selected, including stars, solar system, galaxies, star clusters, nebulae, and cosmology. Seventeen pictures not taken by the telescope were ignored, including photographs of astronauts and experts. This left 260 space images that were downloaded in medium resolution size (“letter-size paper”) to be submitted as TinEye image queries (see below). 
TinEye Image Searches
TinEye (tineye.com) claims to be “the first image search engine on the web to use image identification technology rather than keywords, metadata or watermarks”. Launched in May 2008, TinEye is a “reverse image search engine” that finds “exact matches including those that have been cropped, edited or resized.” TinEye creates a fingerprint for each submitted image, and then compares it to every other image in its index to return similar results. Hence, users can upload an image to find out how it is used in other web documents. TinEye claims to have indexed more than 1.2 billion images from the web and to continue to crawl the web for new images (TinEye, 2010). 

         For TinEye image searches, we uploaded all the 260 NASA pictures into the main TinEye search page and recorded the number of matches for each individual image after manual checking to remove false matches (see data checking below). During the checking process we found that uploading different resolution sizes (small, medium and large) sometimes retrieved different matches. Although TinEye claims that it “works best with images that are at least 300 pixels in either dimension, but can accept images as low as 100 pixels in either dimension” (TinEye, 2010), our experiment with NASA pictures  indicated that  it isn’t always able to retrieve exactly the same number of matches when different image resolution sizes are used.  This drawback of TinEye will be discussed again in the limitations. In order to assess how the resolution sizes influenced the overall results and to generate effective searches we tested a random sample of 60 pictures from the NASA collection and found that although all pictures had both small and medium resolution sizes, 6 did not have a large scale resolution version. As shown in Table 1, the mean and the median number of matches for large scale images are higher than for both medium and small sizes. However, because not all selected images in the study had a large scale resolution version, we always selected the medium size pictures from HubbleSite for the TinEye queries.
All TinEye searches for NASA pictures were conducted within a week in September 2009 and were saved locally for further analysis to reduce the potential impact of time on the results.

Table 1. Descriptive statistics for TinEye astronomical image 

searches for different resolution sizes
	Image size
	Sample size
	Mean no. of matches
	Median no. of matches

	Small
	60
	47.48
	9

	Medium
	60
	51.30
	12.5

	Large
	54
	54.96
	15


Data checking 

In order to validate the TinEye search results, we manually checked the NASA image matches. The results confirmed that TinEye could find exact matches for images even if they had been cropped, resized or edited (e.g., by changing colours). Moreover, although there were many similar images of galaxies or star clusters with minor differences, there were no major false matches in the results. This is very impressive given the range of matches found. 

The biggest problem found during testing was that TinEye sometimes retrieved several similar images from a single web site. Moreover, the TinEye results for an individual image sometimes contained separate hits for repeated images, directing the users to the same image, such as the thumbnail and the medium or large versions of an image in the same site or an image embedded in web page with similar content but in a different language. We eliminated such repeated results because the additional matches did not seem to provide additional evidence of the utility of the copied image. We also ignored results from the HubbleSite itself as a type of self-citation. A similar approach has been applied in a previous web citation analysis in order to remove redundant online citations (Kousha & Thelwall, 2007a).

Motivations for using NASA images 
In order to interpret the image count results as impact indicators it is important to know why the copied images were used. We therefore classified reasons for mentioning astronomy images based upon a content analysis of 210 randomly sampled results from the TinEye searches. All 210 matches were manually checked against an initial classification derived from previous web classification exercises (e.g., Cronin et al., 1998; Bar-Ilan XE "Bar-Ilan, J." , 2004; Kousha & Thelwall, 2007b; Thelwall, 2003; Vaughan & Shaw, 2005; Wilkinson et al., 2003). This did not work, however, due to many new motivations for using NASA images. We therefore extended the initial set of categories to include new motivations identified during the classification process. For instance, many web pages used NASA images for screen savers or posters. Note that in some cases we used Google Translate (http://translate.google.com) to understand non-English web pages. We eventually classified the motivations into the six broad categories and nine sub-classes below. Appendix A gives examples for the scheme.

1) Evidence of image research impact (equivalent to citation): This category covers images directly used for research production equivalent to traditional citation. This category is for images used within scientific work (e.g., journal articles, books, conference papers and research reports). Images in web documents for educational purposes rather than formal academic research were excluded, such as Wikipedia entries and NASA short communications. Similarly to conventional citation analysis, a copied image was classified as indicating scientific impact if a citation to the NASA image was identified either in the references or footnotes (e.g., the digital image URL) or through a textual description of the image in the context of a scholarly work. This category reflects similar concepts to research references (Wilkinson et al., 2003); research oriented (Bar-Ilan XE "Bar-Ilan, J." , 2004; Bar-Ilan, 2005); research impact (Vaughan & Shaw, 2005) and formal impact (Kousha & Thelwall, 2007b).
2) Informal scholarly (or educational) communication: The most challenging classification issue was to distinguish between scientific reasons (equivalent to citation) and informal scholarly-related motivations for image copying. This category contains a range of informal scholarly uses of images in contexts that would help astronomers’ scholarly activities without providing evidence that the image had been directly used in a research publication. Our interpretation of this class is very similar to Jepson et al. (2004) and Kousha and Thelwall (2007b) for identifying the characteristics of scientific web publications based on content analysis. They used the terms “scientifically related” and “informal impact” respectively for evidence that a web document “has proved useful in some context” or for “potential relevance for a scientific query”. The sub-classes below differentiate between the most common types of broadly scholarly use. 
2a) Education-related: This class suggests broadly educational use of the images either for astronomers or for the public. Many observational images taken by Hubble in astronomy web sites had annotated descriptions. These look like encyclopaedia entries describing different features of a specific space image (e.g., Wikipedia entries, National Geographic reports and NASA short communications). These do not indicate direct research impact in the traditional sense, however, because they are not peer-reviewed, unlike journal or conference papers, and are typically not the primary outputs of research projects. 
2b) Scientific news: This category includes web pages using NASA images for reporting news (e.g., correspondents' reports, features, views, news analysis) from the Hubble Space Telescope. New observatory explorations of objects in the distant universe are frequently reported in astronomy news web sites (e.g., Universe Today- http://www.universetoday.com). 
2c) Discussion board or forum messages: There are now many discussion boards and forums in which people can exchange ideas, share experiences, and post or reply to messages. Some forums used NASA images to support a discussion or give background information about astronomy. This suggests use for informal scholarly or educational debates about astronomy. 

3) Backgrounds and layouts: This class includes pictures used for decoration and visual design in desktop backgrounds, screensavers or book/CD cover layouts. 
3a) Backgrounds, screensavers, posters and profile images: Some images were used in collections of astronomy computer desktop backgrounds, wallpapers and screensavers (e.g., free downloads for desktop templates). Some images were also used either as high quality posters or user profile images (e.g., on social network web sites). Although this is not a scholarly motivation for using NASA images, it indicates that astronomy images can be attractive as artwork or as a visual indicator of a personal interest in astronomy. 
3b) Book covers and CD layouts: This category represents NASA images used either in the front or back covers of books, CDs or DVDs - mainly from Amazon (amazon.com). The cover layout is a visually appealing factor to attract readers to a book, CD or DVD. This may indicate value for images if they are used for such purposes, especially for products in the astronomy subject area. Choosing images for publishing suggests that they are visually appealing, illustrate a relevant point or are conceptually significant and perhaps this may be a useful indicator for impact assessment of images from an artistic point of view, similar even to informal intellectual impact assessment.
4) Navigational: As for previous link and web citation classification exercises (e.g., Bar-Ilan XE "Bar-Ilan, J." , 2004; Bar-Ilan, 2005; Kousha & Thelwall, 2007b; Kousha & Thelwall, 2007c; Thelwall, 2003; Vaughan and Shaw, 2005; Wilkinson et al., 2003), navigational reasons for using NASA images were common. The main purpose here was to help users locate images. Many of the navigational images were from general or subject specific galleries. However, these online galleries do not directly reflect scholarly use of images because they are merely designed to make images easier to find (e.g., via thumbnails or larger versions of images).
5) Peripheral use: Images may be used for a variety of non-standard educational or non-scientific reasons. These motivations reflect peripheral use or impact in the sense of presumably being completely unrelated to the goals of the creating scientists. 
5a) Religious and wonders: The content analysis of web pages containing NASA images revealed that some astronomy images (e.g., galaxies, star clusters, solar systems) were used to declare “the glory of God’s creation” observed throughout the universe (see Corey, 1993). 
5b) Image editing tutorials: A few images were in online image editing tutorials, an educational purpose. However, this can not really be considered as evidence of educational impact (see Kousha & Thelwall, 2008) because the images were not directly used for learning astronomy concepts. 
6) Other: Some TinEye search results could not be located in the original source web sites, typically because the URL was not accessible or the web site was password protected. Moreover, in some cases the reason for using an image was not clear. For instance, sometimes images were displayed in an automatic slide show (in the top or sidebar of a web page). The former were classified as 'missing images' and the latter as 'not clear'. 
Results
TinEye searches for NASA images

Table 2 reports descriptive statistics for the TinEye searches of the 260 Hubble pictures. The median number of matches for the selected pictures is 11 after removing same-site duplicates (see methods). This result suggests that TinEye is capable of identifying sufficiently many web sources for a reasonable image impact assessment, at least in this high profile case. However, the large difference between the mean (36.8) and median (11) indicates that the distribution is highly skewed. It is also clear that, in contrast to academic publications, time had little impact on the number of TinEye search results. For instance, the images from 2006 have a median of 11.5 whereas the median for images in 2000 is 11. This may be due to web growth giving an advantage to later images.
Table 2. Results from TinEye searches for HubbleSite images

	Year
Statistic
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	Total

	#Images
	36
	37
	30
	35
	42
	33
	47
	260

	TinEye unique results
	1,214
	1,106
	898
	1,744
	1,687
	1,417
	1,514
	9,580

	Mean
	33.72
	29.89
	29.93
	49.82
	40.16
	42.93
	32.21
	36.84

	Median
	11
	13
	20
	14
	13
	11.5
	10.5
	11


Motivations for using NASA images   


The results of the classification of motivations for using NASA images are shown in Table 3 and examples are given in Appendix A. 

Research impact

Surprisingly, only 3 (1.4%) of the images in the TinEye results were from research publications. One was an open access journal article published in Computer Graphics Forum and the two others were from a research report and an article deposited online (see Appendix A). One possible explanation for the low number of images found in academic research might be that TinEye doesn’t index PDF, DOC and PS file formats and so this type of impact category may be under-represented, although it may be covered better by future image search engines or versions of TinEye. It also seems that some of the astronomy publications (e.g., Astronomy and Astrophysics, The Astrophysical Journal) that would be the natural home for astronomy images are not in the public web (Journal of Astrophysics & Astronomy is public, but only hosts PDFs) and so TinEye would not find them (see also the limitations section).
Informal scholarly communication (including education)
Over a third (about 37%) of the TinEye matches analysed used NASA images for informal scholarly communication, including education-related documents (20%), scientific news stories (14.3%) and messages posted to discussion boards and forums (2.4%). Many were in web pages designed to popularise science and for science education, such as Wikipedia, National Geographic magazine, NASA WorldBook, New Scientist, and Encyclopedia Britannica entries describing different features of a specific space image. This class suggests broadly educational use of the images either for astronomers or for the public. Moreover, many web pages used NASA images either to support discussions in astronomy forums or to report new observatory explorations as scientific news. All images in this category broadly reflect informal scholarly reasons for using the images.
Backgrounds and Layouts

Surprisingly, a quarter of the TinEye matches merely used NASA images for desktop backgrounds and layouts. As shown in the Table 3, 18.6% of the images were from web sites offering free downloads of templates and backgrounds of space pictures and some were from web sites selling high quality posters (e.g., www.allposters.com). User profile images in social networking web sites (e.g., Facebook) were another source of copied NASA pictures. A previous study used Facebook profile images as a dataset to examine descriptions and interpretations of self-presentation (Strano, 2008), showing that this is a complex issue, perhaps of interest in psychology and communication studies. Finally, 6.7% of the NASA images were used in the front or back covers of books, CDs or DVDs, mostly from Amazon.com astronomy books or CDs. 

Navigational

Just under a quarter (21.4%) of the images were employed for navigational reasons including subject-specific online galleries (e.g., www.space.com) and general online galleries (e.g., www.flickr.com). For instance, many astronomy online galleries help scholars to access observational astronomy pictures via thumbnails and lead them to larger versions with brief descriptions (e.g., title and date). Such images that are mainly created for information navigation, usually based on a predefined classification scheme, may be used by scholars or public users to locate images. Nevertheless, there is no explicit evidence of direct or even indirect scholarly use although they seem to perform a useful function for scholars and the interested public. 

Peripheral use

As shown in Table 3, 6.7% of the images were used as evidence in religious discussions (e.g., proof of God) and about 2% were used in image editing tutorials (e.g., Photoshop editing). 
Table 3. Overview of motivations for using NASA images 

	Broad reasons  
	#Images 
	Sub-class
	#Images 

	Research impact 
	3 (1.4%)
	N/A
	3 (1.4%)  

	Informal scholarly communication
	77 (36.7%) 
	Educational related 
	42 (20%) 

	
	
	Scientific news
	30 (14.3%) 

	
	
	Discussion board and forums
	5 (2.4%) 

	Background and layout


	53 (25.2%) 
	Backgrounds, profile images, screensavers and posters 
	39 (18.6 %) 

	
	
	Book cover and CD layouts
	14 (6.7%) 

	Navigational
	45 (21.4%) 
	N/A
	45 (21.4%) 

	Peripheral use
	18 (8.6%) 
	Religious and world’s wonders
	14 (6.7%) 

	
	
	Image Editing Tutorials
	4 (1.9%) 

	Other
	14 (6.7%) 
	Missing images
	8 (3.8%) 

	
	
	Not clear
	6 (2.9%) 

	Total
	210 (100%) 
	
	210 (100%) 


Changes in TinEye results over the time

We tested for an increase in TinEye search results for the same 50 sampled NASA images in the dataset between August 2009 and January 2010 (Table 4). The purpose of this study was to validate the TinEye results and to assess the percentage increase over the time. As shown in Table 4, the TinEye results increased from 1,751 to 1,999 within five months, a 12.4% increase. Table 4 also reports the mean and median increase for TinEye searches during this time. The increase suggests that TinEye’s coverage of the digital images is growing constantly, perhaps in line with the growth of the web, and this may help future attempts to assess the scholarly impact of the images by generating more results. 
Table 4. Increases in TinEye image searches for 50 sampled NASA 

images over five months.
	
	Mean
	Median
	No. of results
	TinEye increase

	TinEye search results

(Aug. 2009)
	35.02
	11
	1,751
	12.4%

(248)

	TinEye search results
(Jan. 2010)
	39.98
	11.5
	1,999
	


Secondary case study of artistic paintings 

In order to validate the potential application of TinEye and to investigate the results for a different image type and a non-scientific discipline for which images are a natural part, we took a random sample of 300 paintings from ten world famous painters: Leonardo da Vinci, Vincent van Gogh, Francisco Goya, Rembrandt van Rijn, Gustav Klimt, Frida Kahlo, Diego Rivera, Pablo Picasso, Pierre-Auguste Renoir and Andy Warhol. A random sample of 30 paintings for each artist was taken from a DVD (Art Gallery, 2004). Note that for Andy Warhol paintings we used images in online galleries and collections (e.g., www.warhol.org and www.warhol.com). Similarly to the NASA images, all 300 paintings were uploaded to TinEye and the number of matches for each painting was recorded after removing false matches (see methods). Below are examples of TinEye search results for a painting by  Pierre-Auguste Renoir. It shows that TinEye was able to find copied versions of the original painting even when used for different purposes (e.g., Book or CD covers) and with significant amendments.
	Original painting by  Pierre-Auguste Renoir
	Book front cover 
	Music CD cover
	Web site welcome page
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Figure 1. An example of online copied versions of an original painting by 
Pierre-Auguste Renoir found with TinEye searches.

The 300 sampled paintings were found 11,730 times elsewhere on the web (Table 5). The mean for TinEye searches is about 38.4 whereas the median is 8 indicating a highly skewed frequency distribution. Just under the three quarters (71%) of the matches are from Leonardo da Vinci (58%) and Vincent van Gogh (13%). 

We also conducted test searches based on Google Image Search for painters’ names (e.g., “Leonardo da Vinci”) to compare the overall results with TinEye matches (see the third column of Table 5). It shows that while da Vinci and van Gogh are also in the first and the second places in Google Images search results, there are considerable differences between Google Image and TinEye relative matches (e.g., Warhol and Picasso). This is discussed further in the conclusions.  
Table 5. Descriptive statistics for TinEye searches of artistic paintings. 
	Painters
	Number of  paintings
	Google Image text search of painter’s name
	TinEye results (% of total hits)
	Mean
	Median

	Leonardo da Vinci
	30
	2,620,000
	6,793

(57.9%)
	226.43
	71

	Vincent van Gogh
	30
	1,810,000


	1,564

(13.3%)
	52.13
	13

	Frida Kahlo
	30
	745,000
	711

(6.1%)
	23.70
	12.5

	Francisco Goya
	30
	119,000
	577

(4.9%)
	19.23
	9.5

	Gustav Klimt
	30
	1,300,000


	425

(3.6%)
	14.16
	9.5

	Rembrandt van Rijn
	30
	114,000
	374

(3.2%)
	12.46
	9.5

	Pierre-Auguste Renoir 
	30
	210,000
	569
(4.9%)
	11.96
	6.50

	Diego Rivera
	30
	162,000
	206

(1.8%)
	6.86
	3

	Andy Warhol
	30
	2,300,000
	375
(3.2%)
	12.5
	3

	Pablo Picasso
	30
	1,510,000
	136

(1.2%)
	4.53
	2

	Total
	300
	10,890,000
	11,729
	38.40
	8


Table is ranked based on median of TinEye results in the sixth column.

Secondary case study of biological and medical image databases

Images from two free scientific databases of digital images, WebPath and the Protein Data Bank (PDB), were selected to further investigate image type differences. WebPath contains over 2000 images with text that illustrate gross and microscopic pathology findings along with radiology imaging associated with human disease conditions (WebPath, 2010). The PDB includes many 3D structures of large biological molecules, including proteins and nucleic acids (PDB, 2009). 


A random sample of 190 and 96 images was taken from WebPath and the PDB respectively. Table 6 shows that the median number of matches in both cases is zero and the means (0.44 and 0.87) are much lower than for the astronomy pictures (36.8) and artistic paintings (44.9). It seems that the low number of TinEye results from WebPath and the PDB is because the images are of value only within specific subject areas whereas both astronomy pictures and artistic paintings can potentially attract wider public interest. The last two columns of Table 6 report the number and the proportion of TinEye results from both the WebPath and the PDB reflecting educational and research impact. It shows that only about 3% of the selected images from both databases were explicitly used in research outputs (e.g., journal articles) which is about twice as high as for astronomy pictures. Moreover, about 8.5% and 36% of the images from WebPath and the PDB were used in education-related contexts. Most notably, 17 of 64 images from the PDB were used in the Wikipedia articles (e.g., metabolism, hemagglutinin and opoisomerases). Hence, it seems that the practical benefit of image impact tracking in science is to assess the value of images in popularising science and for science education. It is possible, however, that this is an unusual case, with one prolific Wikipedia author selecting all 17 images.
Table 6. TinEye search results for scientific images indexed by 

the WebPath and PDB databases

	Image database
	Subject  areas 
	Sampled  images
	Total TinEye results*
	Mean

Median
	Educational (e.g., Wikipedia entries) 
	Research impact (e.g., academic journal/conference papers)

	WebPath
	Microscopic pathology; radiologic imaging; 
	190
	58
	0.44

0
	5 

(8.62%)
	2 

(3.44%)

	PDB
	Molecular structures (proteins and nucleic acids)
	96
	64
	0.87

0
	23 

(35.93%)
	2  

(3.12%)


* excluding missing images and not found pages  

Limitations 
Since this study is the first attempt to assess how online image searching can be used to understand the value of images in scholarly communication, little is known about the content and coverage of TinEye. In order to validate the TinEye indexing mechanism and to test how it crawls online images we selected several images from articles published in the Journal of the American Medical Association (JAMA) and deposited them online in a HTML web page (see http://www.scit.wlv.ac.uk/~cm1993/examplespictures.html). We then recommended the URL for possible inclusion in TinEye index through “submit your suggestion” in September 2009. Unfortunately, by April 2010 these images had not been indexed, highlighting the limited and unknown nature of TinEye’s indexing policy.
The main technical limitation is that TinEye searches only seem to locate images in HTML web pages and therefore omit major scholarly publishing formats such as PDF (Adobe’s Portable Document Format), DOC (typically Microsoft Word documents) and PS (Postscript, a printer format used by some computer scientists and physicists). This is a particular problem because a previous study showed that about 70% of open access documents in four science and four social science disciplines citing research papers were in non-HTML format (PDF, DOC and PS) (Kousha, 2009). In order to assess this limitation of TinEye searches for astronomy we conducted a test keyword search for ‘Hubble’ in the title of Google Scholar articles. We examined the first 200 results, finding that about two thirds of Google Scholar results were freely accessible though open access e-print archives. Most notably, about 80% of the open access documents were in PDF format and only 20% were in HTML format. The majority of PDF and HTML articles were from ArXiv (preprint and preprint archives in physics, computer science and mathematics) and the Astrophysics Data System, a digital library portal for researchers in astronomy and physics, respectively. Thus, it would be unfair to use TinEye for monitoring the direct research impact of scholarly images because of the proliferation of non-HTML files for academic publications. Moreover, it seems that TinEye retrieves the best matches with high resolution images (e.g., at least 300 pixels) and selecting images with lower quality may influence the results considerably.

Another limitation is the subjectivity of the web classification exercise (see, Kousha & Thelwall, 2006; Kousha & Thelwall, 2007b; Thelwall, 2003; Wilkinson et al., 2003).  In fact, images may be used for wide-ranging and more complicated purposes than articles and books. For instance, this study made a distinction between images in academic publications (equivalent to formal citation) and encyclopaedia and magazine articles (e.g., Wikipedia, National Geographic). Consequently, our interpretation of research impact would influence the overall results if such encyclopaedias were considered sources of scientific impact. 

A further limitation is that we did not assess the extent of coverage of TinEye in terms of the relative number of images that it did not retrieve but which theoretically matched the searches. It seems likely that TinEye could only find a small fraction of the total number of copied images but it is not clear how small this fraction would typically be.

 Conclusions

This study is the first attempt to use the image matching capability of TinEye as a potential new tool for informetric analysis. The results suggest that it is reasonable to use TinEye for assessing the value of digital images of different types. TinEye includes a programming interface that allows image queries to be automatically submitted, making the testing of large image collections practical, albeit at a financial cost. The applied method can in practice be used either by scholars and artists or by developers of image databases or archives to track how their visual outputs are being used elsewhere on the web. Nevertheless, the images with wider potential public interest (e.g., astronomy or art) may be used or copied online more than images within other subject areas, suggesting that the content type and the popularity of images can attract a broader spectrum of users and this could influence the rates of TinEye matches in this study. 

In answer to the first research question, we found relatively many positive results from TinEye in astronomy (a median of 11 copies per image) and art (a median of 8 copies per painting) but not in the more specific biomedical sciences including microscopic pathology and molecular structures. One explanation for the low number of TinEye results from the two above specific scientific disciplines might be that many scientific images in digital databases and archives are under copyright law and authors may need formal permission to use them, especially in research publications. For instance, “no one may modify, copy, distribute, transmit, display, or publish any materials contained in WebPath® without prior written permission” (WebPath, 2010). This may deter people from using the images. Moreover, perhaps one explanation for the low number of TinEye results for some painters (e.g., Warhol and Picasso) in this study might be that reproductions of their works are more restricted by museums, but this is not consistent with the high Pablo Picasso Google Image results in Table 5 and so there may be a technical image matching issue at work here. 

In answer to the second research question, we found that the common motivations for copying NASA’s images online are related to informal scholarly communication and in particular, education-related. However, TinEye did not give enough results to be used as evidence of research impact and few research publications (e.g., journal or conference papers) were found using them for citation reasons within the selected NASA pictures. Hence, a future research direction might be to investigate scholarly images in open access academic publications (e.g., journal or conference papers) in different subject areas to open a new window into uses of academic images across different scientific fields.

In answer to the third research question it seems that the common impact or use of images varies by picture type and their online availability for public use. Hence, the results based on the selected image dataset should cautiously be interpreted as disciplinary differences of image impact and more extensive research is needed to understand the pattern of image use across science, social science and art and humanities. In contrast to academic publications images may be used for more complicated purposes, such as publicity, educational, backgrounds or informal scholarly communication. The main focus of this study was on observational astronomy pictures but the role of images varies across disciplines. For instance, in biology and medicine researchers use a significant number of images in their academic articles (Rafkind, Lee, Chang & Yu, 2006) but it may be that images are rare in many areas of sociology. Thus, further research is needed to investigate disciplinary differences for using images for scholarly communication. 
In conclusion, image impact assessment seems to be a practical method, but only for large collections of images or highly popular images which are now freely available on the web, and the results should be interpreted as a contribution to education, popularisation and informal scholarly communication rather than directly pushing forward the frontiers of scientific knowledge.
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Appendix A- Examples of reasons for using NASA images 
Research Impact 
· http://www.cs.uaf.edu/~genetti/Research/Papers/EG00/Orion.html  
· http://www.catastrophism.com/texts/bruce/era.htm 
· http://www.cienciaenaccion.org/material/trabajos_cas/id_176/index.htm 
Informal scholarly communication
Education-related

· http://en.wikipedia.org/wiki/Mars 

· http://www.nasa.gov/worldbook/nebula_worldbook.html 

· http://science.nationalgeographic.com/science/space/universe/galaxy-hunters.html 
· http://www.newscientist.com/blog/space/labels/sounds.html 
News reports

· http://www.sciencedaily.com/releases/2009/04/090421080508.htm

· http://geology.com/news/labels/Astronomy-Planets.html

· http://www.physorg.com/news105965930.html     

Scholarly discussion 

· http://www.abovetopsecret.com/forum/thread474829/pg1  

· http://grani.ru/Society/Science/m.72044.html  

Backgrounds and Layouts
 Backgrounds, profile images, screensavers and posters

· http://www.discovision.ch/index.html 

· http://www.pcworld.com/downloads/file/fid,4327-order,4-c,screensavers/description.html 

· http://hk-pub.com/forum/thread-996957-1-1.html 
· http://www.allposters.com/-sp/The-Arches-Star-Cluster-from-Deep-Inside-the-Hub-of-Our-Milky-Way-Galaxy-Posters_i2641386_.htm    

· http://adler47.at.ua/forum/2-2-2

Book and CD/DVD cover

· http://www.amazon.com/o/ASIN/1591299926

· http://www.amazon.com/Celestial-Voyager-Mark-Heffron/dp/B000OU8DUA

Navigational 

· http://www.nasa.gov/multimedia/imagegallery/image_feature_967.html

· http://www.spacetelescope.org/images/archive/freesearch/Sun/standard/17

Peripheral Use

Religious and world’s wonders

· http://www.bibleetnombres.online.fr/judepit3.htm
· http://www.thekeytoislam.com/en/scientific-explanations/celestial-bodies.shtml  

Image editing tutorial 

· http://www.gymspmkr.edu.sk/informatika/Gimp/orezanie.html
�. Kousha, K. & Thelwall, M. & Rezaie, S. (2010). Can the impact of scholarly images be assessed online? An exploratory study using image identification technology, Journal of the American Society for Information Science and Technology, 61(9), 1734–1744. © 2010 (American Society for Information Science and Technology)
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