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I. Introduction 
A cardinal responsibility of libraries is to garner, husband and make accessible the intellectual and creative output of mankind. 

-Elizabeth F. Watson. 

In what must be one of the earliest papers dedicated to the formation of Digital Music Libraries, David Bainbridge succinctly motivated the importance of such collections thus: “Digital libraries of music have the potential to capture popular imagination in ways that more scholarly libraries cannot” (Bainbridge et al., 1999). Over ten years after that paper’s publication, academic literature has yet to substantiate Bainbridge’s prediction. Digital Library (DL) evaluation is a relatively underdeveloped field, though one in which common notions have developed. Of major importance to this paper, for example, is Iris Xie’s seminal study, which shows that usability and content are at the crux of users’ expectations and judgments of DLs (Xie, 2008). While her paper provides an excellent toolkit for conducting evaluations of any number of subject based DLs, Digital Music Libraries have largely been left out of DL evaluation’s field of investigation. This is despite college students’ listening habits, which would likely reveal a digital library in almost every pocket (in the form of an iPod). 
The extant literature on digital collections of music is predominantly concerned with technological developments in music information retrieval for classical (scored) music in an academic setting. Few documents have explored the importance of popular music collections as a record of human interest, though the creation of such digital media could have a stimulating effect on the interest and popularity of DLs as a whole. As Bainbridge went on to write in that early work, “If successful, a popular digital music library would significantly raise the profile of digital libraries and digital library research, which would benefit our community greatly” (Bainbridge et al., 1999).  This paper takes a user’s perspective (namely, the author’s own) in conducting an evaluation of the Rutgers University DL databases (hereafter RUL) for retrieving audio, text or multimodal combinations of both by applying two evaluative criteria – usability and content – to the Classical arena of music information retrieval. 

RUL contains a total of 15 databases dedicated to the retrieval of academic research documents, music audio files, text-based music information (scores and/or liner notes), or multimodal combinations of both text and audio media. Excluded from selection in this evaluation are those databases dedicated to academic research and criticism. I have also narrowed down the number of evaluated databases by deselecting 4 of the text-only sites that share an Ebscohost platform. Evaluating the same site 4 times would carry unnecessary redundancy. I have chosen three databases that are representative of two organizing formats – one text only; the others contain audio as well as text. The paper thus focuses on usability and content as criteria for evaluating the success of a system in meeting the information needs of music listeners and performers. 
Section II provides a capsule summary of current research into music information retrieval technology. There seem to be two main areas of investigation in this field: (1) automated metadata retrieval via predictive models of mood and other classification schemes; (2) multimodal synchronization between audio files and text for the purposes of side-by-side comparison of scores and their various interpretations. Unfortunately, evaluative literature on the success of these technologies is apparently absent from the literature; they are important to this paper all the same, however, as an illustration of where music information retrieval currently stands. Furthermore, they provide a standard of usability to which digital music libraries should be held. Section III motivates the two evaluative criteria chosen to analyze these databases – content and usability – which are then charted in Section IV to make a comparison between the sites under investigation. The final section provides recommendations for improving usability and content where needed; they are partly informed by the technological literature reported in Section II. This paper thus concerns itself both with the current state of a particular collection (RUL), as well as the future of digital collections. Taking on Bainbridge’s prediction of digital libraries’ popularization, I would like to offer suggestions of how that technology could be used to one day realize the “capturing of the public imagination.”    
II. Music Information Retrieval: Literature Review
Metadata 

A discussion about the latest topics in digital music library classification and retrieval schemes requires a definition of the general purposes and scope of metadata. There has been a veritable explosion of information on the topic, which should be expected: even mundane activities like sharing pictures are tied up in today’s digital world with questions about metadata. Consortiums (like DublinCore and the World Wide Web Consortium) have emerged to tackle the challenge, though not every researcher agrees, naturally, on the best approach to carrying out or even defining the scope of metadata. For our purposes, defining it in least-common-denominator terms that all could accept will be sufficient: the means of organizing and creating the conditions for accessing large amounts of information using a standardized system for naming information objects. 
Music data shared digitally certainly has its place in this discussion. The need for a system of indentifying and describing the location of massive amounts of stored musical information is of self-evident importance for popular purposes when we talk about the World Wide Web, the arena of the largest single collection of information human beings have ever built. Metadata provides points of identification for search engines to identify and retrieve, thus helping it to serve the useful purposes of the time-tested-and-true card cataloging system of traditional libraries. Even as early as 1996, papers began emerging to address, quite presciently, the beneficial prospects computerized, digital media would provide to retrieval tasks. McNabb et al. noted that

Music librarians are often asked to find a piece of music based on a few hummed or whistled notes. The magnitude of this task may be judged by the fact that the Library of Congress holds over six million pieces of sheet music – not including tens of thousands of operatic scores and other major works (Goodrum and Dalrymple, 1982). As digital libraries develop, these collections will increasingly be placed on-line through the use of optical music recognition technology (Carter, 1989; Selfridge-Field 1994; Bainbridge and Bell, 1996). Furthermore, with the increasing use of music notation software for composition, it is likely that many compositions will be acquired in computer readable form…. (McNabb et al., 1999) 
As technology progressed through the years, the research moved from optical 

recognition to auditory recognition. As Mary Wallace Davidson describes in a summary report of digital music library research, “A small band of international researchers currently experimenting with technology for music information retrieval may eventually provide the means to search our databases by melodic fragment (either keyed in with a MIDI keyboard, or hummed into a microphone)” (Davidson, 2003).  From whistling to a librarian to whistling to a computer: “Searching digital music libraries” captured the inherent interest of the project thus, 

 
Digital music libraries are an attractive area of study because they present 

interesting and challenging technical problems, solutions to which are likely to be 

highly valued by enthusiastic end-users. This paper addressed the problem of searching music library for a known melody. In other words, given a fragment of an unknown melody, typically played or sung by a user, return a list of possible matches to a large digital library collection. (Bainbridge et al., 2005) 
Bainbridge (a member of that “small band of international researches” mentioned by Davidson) appears at the forefront of the literature on audio-retrieval schemes, applying the technique to the field of academic reference and personal, individual uses alike. In 2010, he went on to co-author a paper with Brook J. Novak and Sally Jo Cunningham that “[describes] the evaluation of a personal digital library environment designed to help musicians capture, enrich and store their ideas using a spatial hypermedia paradigm” where again we find the “search facility…available to support query by humming and text-based queries” (Bainbridge et al., 2010). 

 
Of equal importance to developments in music metadata research and information retrieval is the notion of “Folksonomy,” which accounts for the ways that people dynamically engage with web resources, applying their own tags to information and thus creating a “grassroots” type of indexing. As Gill explains, “If one person applied the term impressionism to a Web site, it doesn't really say very much. However, if several hundred people use this term and it is the most commonly used tag for that Web site, then it is a pretty safe bet that the Web site is about Impressionism and Impressionist art” (Gill, 2008).

Literature on automated techniques of creating metadata from musical inputs reinforces Gill’s point: “The real strength of a tagging system is seen when the tags of many users are aggregated. When the tags created by thousands of different listeners are combined, a rich and complex view of the song or artist emerges” (Bertin-Mahieux et al., 2008). In the same year, Laurier et al. describe the methods of automation and their success in creating mood metadata accurately: “A relatively recent problem is automatic mood classification of music consisting in a system taking the waveform of a musical piece and outputting text labels describing the mood in the music (as happy, sad, etc…). It has already been demonstrated that audio-based techniques can achieve satisfying results to a certain extent” (Laurier et al., 2008). 
Synchronization 

Another popular field of investigation that appears in the literature is the design of interfaces capable of displaying audio files alongside text-based information. Known as “synchronization,” the technique is often described in its immediate relevance to classical music performers and composers. “In the context of [Music Information Retrieval], music information retrieval denotes a procedure which, for a given position in one representation of a musical work, determines the corresponding position within another representation, e.g., the coordination of score symbols with audio data” (Damm et al., 2008). 
Like the literature on audio queries by humming or MIDI inputs, much of the discussion on synchronization tends towards a user-central, user-independent means of researching and using music information. A lot like what the iPod did for compacting a digital library into a person’s pocket, classification (metadata) and retrieval literature is more and more dedicated to centralizing all stages of an information task in a single space. Reference desks are replaced with microphones to be hummed into; recommendations are driven by automatic or socially generated tags; scores are located not on the library’s shelves, but on the same interface in which audio streams appear: and all of this via a computer. As Dunn et al. have written, summarizing the practical applications of the research captured in this section:  


A music graduate student 10 years from now might want to compare several 

performances of Johannes Brahms’s Piano Concerto No. 2 in B-flat Major. He’ll be able to turn to his computer, open a music search tool, and type “brahms” in the composer field and “concerto” in the title field. Scanning the search results, he’ll see the work he wants and click on it, generating a list of all available recordings and scores of that work. He’ll select recordings of three performances, along with an encoded version of the score, and create bookmarks for each of them. He’ll instruct the system to synchronize each recording with the score, then use a set of controls that allow him to play back the piece and view the score, cycling among the three performances on the fly….To find a particular section he’s interested in, he might play a sequence of notes on a musical instrument digital interface (MIDI) keyboard attached to his computer, prompting the system to locate the sequence in the score. (Dunn et al., 2006). 
This human-computer complex does not render the librarian obsolete, however, but only requires that s/he move towards an architecture of digital information, delivered remotely from the reference desk to the patron’s personal information device. Moreover, it will be the librarian’s continued task to evaluate the users’ needs, providing relevant content in a usable way. 
III. Evaluative Criteria

In lieu of subjects to test the libraries at RUL for their content and usability the digital collections of music at RUL will be evaluated by an arbitrary numeric rubric established by the author. The rubric runs from 1 to 5, 1 being poor; 5 being excellent. Recommendations are provided at conclusion to deal with sub-excellent scores; likewise, the chart identifies obstacles in the system that worked against an excellent rating. As already mentioned, the criteria of usability and content are informed by Iris Xie’s findings on the core evaluative elements that users themselves have been documented to use in using digital library systems. 
Drawing from Xie’s results from a test of 19 subjects using two academic digital libraries, the two criteria are further subdivided to reflect the following conclusions: 

Usability 
i. Interface Design: “First of all, the design of the digital libraries affects how users search them. In particular, the availability of unavailability [sic] certain features affect how uses [sic] interact with these digital libraries” (Xie, 2008). 
ii. Browsing & Searching: “If their queries did not generate successful results, they would change from searching to browsing” (ibid.).
These comparisons are conducted through the (hypothetical) lens of a professional staff member with an interest in improving – or holding up as a model, as the case may be – RUL’s collection. As Xie introduces her article, “Evaluation of digital libraries is an essential component for the design of effective digital libraries. Digital libraries are designed for users to use” (ibid.).   
Content

i. Accuracy & Authority: “With the quality of a collection, accuracy…and authority…were rated the highest. Digital libraries exist on the Internet, which share the same accuracy and authority problems that information on Internet [sic] might have” (ibid.). 
ii. Scope: “Subject 11 justified the importance of offering clear scope for a digital library, ‘[Scope] must be clearly defined to enable the user to decide if it is a collection that meets their needs. The unusual feature of a digital library is the potential patron is defined by the scope of the collection and therefore driven by the collection creator” (ibid.).  
One task will be assigned for each library listed below, the facets of which vary 

according to the type of database investigated. It will be in performance of this task that the evaluative rubric is applied. Also under consideration is whether the site contains any of the technological advances summarized in Section II.  Five of the six databases are being approached by the author from a “cold start”, without familiarity in advance of its specific functions.  
IV. Table of Comparisons 


RUL can be divided into two sections: (1) databases that return text-only results, such as scores, discographies, liner notes, artist biographies or other cataloging records;  (2) multimodal databases that include both audio streaming and textual results listed in (1). What follows is a task description for each database in their respective categories along with the steps the author went through to complete the tasks.  
A. Text output:
1. Music Online: Classic Scores Library
http://shmu.alexanderstreet.com.proxy.libraries.rutgers.edu/
Task: Retrieve three scores for up to three Russian composers of the 21st century. 
Not having much familiarity with Russian composers of the 21st century, I decide to “Browse Composers.” The results are not immediately returned with any nationality indicator, so I decide to filter by “Time Period.” The link to do so is clear, but the feedback in the primary navigation is poor. The results are organized by relevancy automatically, but I have the option to change to a “Composer” alphabetical sorting. Which I do; though I have to see if anything is familiar by recall or if I recognize a Russian surname. Frustrated after having found nothing, I decide to return to an Arvo Part listing I discovered in the course of the search. I enter “arvo part” in the search bar and have immediate access to a listing of scores. I don’t recall any particular title I’ve heard in the past, so I arbitrarily choose “Fratres.” Once clicked, the score appears and I have the option to print. 
B. Multimode output:
2. Music Online 
http://muco.alexanderstreet.com.proxy.libraries.rutgers.edu/
Task: Listen to an audio recording for each of the scores retrieved in (1). 

I know what I’m looking for in this case, so I go straight to the search bar. “Fratres” returns a long list of score results in various editions. I’d like to refine my search (the option to do so is clearly visible), which brings me to a six-part tabbed search interface. I click on the Recordings tab and press enter. No results. I refine again for “arvo part.” Again, no results under Recordings, but only under People & Scores. The Biography page under the former is interesting; it indicates the influence Prokofiev and Shostakovich have had on him. Out of curiosity, I do a keyword search on “prokofiev,” but the two audio results are completely irrelevant. Neither is a piece by Prokofiev. “Shostakovich” has no results either, so I conclude the search unsatisfied that none of the composers’ pieces has been uploaded (as yet).  
3. DRAM
http://www.dramonline.org/
Task: Conduct an advanced search to retrieve the following information about a French classical composer in the 1880s: (1) recording (2) biographical information about the composer; (3) recording liner notes. 
I have the option of Browsing by Composer, but not further refined for nationality. Nor can I refine by year / period on the Browsing page. I go to the Search tab in the Primary Navigation Bar and discover no advanced features to make the desired refinements. I think Debussy might have been active in the 1880s, so I “jump” to his name. I have no way of confirming that inclination on the site (Biographical information absent), though there happen to be 71 tracks under Debussy’s name. I find that satisfying in any case. They’re each ready for immediate playback and accompanied by the Label’s catalog record, the Label name, Performer List and Composition date: 1880-1903 classifies as “young Debussy,” confirming my inclination of the composer’s active years. 
	Site
	Content (Rating)
	Usability (Rating)

	Music Online Classical Scores Library 
	Accuracy & Authority (5): The scores are accompanied by metadata that can be checked for authenticity, such as publisher and year published; furthermore the results in performance of my task were accurate and relevant, leaving little room for error. 
Scope (4): “Classical Scores Library will contain 400,000 pages of classical scores from both in-copyright and public domain editions. The major composers output is represented, as well as many lesser known composers and works. Content in the database includes in-copyright material from Boosey and Hawkes and selected material from the University Music Editions microfilm series” The strengths of this site’s results speak to the benefits of collaborative efforts. However, the site leaves something to be desired in displaying scores in isolation from audio interpretations. We find here a case in which the site could benefit from synchronization (as described in Section II).  
	Interface Design (3): Difficulties arose in the performance of my task due to the absence of nationality metadata. It’s not hard to imagine that students would often like to search by a given region of the world. Displays of composers by alphabetical listing alone can appear cumbersome to the user (as they did in my case) – too much at once. The ability to search by Time Period was clearly displayed, however, though the Primary Navigation feedback is poorly designed: that is, it fails to provide a “crumb trail” of how the user entered this or that stage of the site. 
Browsing & Searching (5): The site is designed excellently for the purposes of switching between exact searches and generic browsing, a central component of users’ own evaluation of what makes quality content. For individuals with a casual interest in Classical music, like myself, the site could benefit from user tags as a means of recommendation. As a platform for meeting academics and professional performers, a tagging system could also help build a community of various skill levels. 

	Music Online
	Accuracy & Authority (3): Though the 

records are kept with the same authenticity as the Scores collection (with the additional benefit of Liner Notes), results were found to be inaccurate / irrelevant (see: “prokoviev” search under the audio tab). 

Scope (4): According to the Welcome description, “Music Online is the broadest and most comprehensive online music resource that cross-searches all of your library's Alexander Street Press music databases” (Home page). As far as a single publishing house goes, the commitment of Alexander Street Press to make its products available is a model example for other companies. But as far as it is a single publishing house, the results are inherently limited. Collaborative efforts elsewhere would be beneficial to all parties involved. 

	Interface Design (5): At every stage of my search, the tabs needed to complete the task were clearly visible. The site is intuitive and easy to use; in general I had no problem navigating my way around. 

Browsing & Searching (5): I was especially pleased by the biography section, which stimulates a further browsing need by including among other artist information the artist in question’s influences and major works. The inclusion of Liner Notes alongside cataloging records likewise provided further browsing terms. 

	DRAM
	Accuracy & Authority (4): Cataloging Records and Liner Notes. That the results initially appear as Albums within the three-part tabbing system (Albums, Works, Tracks) can lead to some confusion, as Debussy’s name does not necessarily appear there. It’s only after the user clicks on the “Works” track that s/he discovers the exact search term. 
Scope (3): In this particular case, “debussy” as a search term returned 71 tracks, which is impressive in its own right. From the site: “DRAM is a not-for-profit resource providing educational communities with on-demand streaming access to CD-quality audio (192kbps Mp4), complete original liner notes and essays from independent record labels and sound archives. Continuing in the tradition of DRAM's sister company New World Records, one of DRAM's primary focuses is the preservation and dissemination of important recordings that have been neglected by the commercial marketplace, recordings that may otherwise become lost or forgotten.” I found the appearance of text-information directly alongside audio files very useful; there is no problem navigating between sound and interpretation (not exactly synchronization, but close). At the same time, there is no apparent way of retrieving biographical information, as was contained in other sites, which can be an inhibiting factor for continued browsing, or even confirming basic facts about a composer. 
	Interface Design (2): Though I like the style of the site aesthetically and easy on the eyes, the information is organized poorly. Composers are aggregated alphabetically, though there is no sub-navigator to jump between stages of the alphabet. It can be overwhelming to see so many results at once. 
Browsing & Searching (2): For reasons already mentioned under “Interface Design” – namely, the appearance of names en masse – and “Scope” – the absence of biographical information – it is both difficult to find additional terms to browse for or conduct a hierarchical browsing scenario by which a user would move through narrower and narrower categorical stages of a search. The site is best designed for someone who already knows what s/he is looking for. Searching, in other words, is given primacy over browsing in the DRAM system. 


V. Conclusions 

From this paper’s own investigation of the various databases in RUL, it has been determined that those systems are best that are able to combine within a single interface multimodal complexes of text and audio. Though none of the sites in RUL exhibits the cutting edge technological capacity explored in Section II, the fact that the most usable results came from multimodal complexes would help to confirm the benefits of these technologies. 
Particularly beneficial for all the sites under review above would be a system of personalizing browsing results with the option of saving text and audio results in a single interface. Such a prospect is raised in the literature, particularly in Bainbridge (2010). What Bainbridge et al. have captured in this paper is what I take to be the exact reason the iPod and other personal “digital libraries” have been able to capture the popular imagination, as it were. On the one hand, people desire to have information on the go. Some behavior indicates that they prefer automated systems to ones that require inter-personal interaction. Furthermore, information needs occur on the fly (as does artistic inspiration according to certain research), a behavioral phenomenon that would prefer quick and centralized accessibility over spatially separate stages of searching (e.g.: reference desk, shelve, checkout). 
While RUL has a long way to go in substantiating Bainbridge’s prediction, the extant interfaces have already begun to combine media systems that were otherwise spatially separate. RUL has provided occasion for analyzing a system of databases primarily dedicated to Western classical music that accommodates a specialist, academic audience primarily. By way of conclusion, we should consider how popular music could broaden librarian’s evaluative field of view and success. By bounds, the (non-academic) sharing of music online will likely begin producing – and in some ways already has in the form of such sites as Last.fm (Nanopoulos, 2009), Myspace and even YouTube – “grassroots” organization schemes that can, should we pay attention, inform the progress of DLs in a broad sense. 
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