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Preface

We are delighted to present the proceeding of the 16th European Conference on
Research and Advanced Technology for Digital Libraries, running for the second
year as “Theory and Practice in Digital Libraries”, which ran in Paphos, Cyprus
during September 23-27, 2012.

Following the inaugural ECDL in Pisa in 1997, the conference has become
established as a major international venue for leading researchers in the field
of digital libraries. The global economic turmoil of the last few years has not
dented the continued health of the conference. We continue to receive and accept
submissions for publication from countries that have not been represented at
TPDL before, as an example our host country of Cyprus is well represented
with new contributors.

For TPDL 2012, we focussed on attracting contributions on four major themes:

Applications and User Experience
— Supporting Discovery

— Digital Humanities

— Research Data

These themes are the same as those of TPDL 2011, and while the core
computer-science origins of TPDL continue to mature, the approaches of in-
terdisciplinary methods, and the interests of humanists and research scientists
in systematic management of their research materials, are widening the range of
challenges addressed by digital library researchers.

Our overseas keynote speakers this year represented two contrasting ap-
proaches to supporting information seeking. Mounia Lalmas is well known as
a global leader in information retrieval research, and represents the technical
origins and ideals of many in the DL community. Mounia’s passion for excel-
lence and robust methodology has inspired many of her peers across the world.
In contrast, Cathy Marshall is immediately familiar to digital library researchers
as a leading light in the more human-centred approaches to DL work, and her
work has been repeatedly recognised by best-paper awards at the leading DL
conferences.

We are also fortunate to have a local keynote speaker, Andreas Lanitis, whose
interests are particularly relevant to the contemporary theme of preserving dig-
ital heritage. The problems in that domain have been of increasing pertinence
to DLs in recent years, as the transience of digital material and the desire to
disseminate ancient heritage combine to seek out the means by which long term,
remote access to new and old materials can be sustained.

The programme began with the doctoral consortium and our tutorial pro-
gramme of five varied tutorials, on themes from building digital libraries through
to preservation processes.



VI Preface

Following the main conference, four workshops concluded the programme, in-
cluding the 11th European Networked Knowledge Organization Systems (NKOS)
workshop and the 2nd Semantic Digital Archive workshop.

For TPDL 2012, we ran a single programme committee for all submissions,
and furthermore combined the call for short papers and posters into a single
call for work-in-progress contributions. We continued to use the two-tier model
of TPDL 2011 and ECDL 2010, with a main programme committee supervised
by a metareview committee. Each contribution was reviewed independently by
three or more members of the main committee, and the subsequent discussion
and reflection was moderated by one member of the metareview committee.

The submissions received by the conference totalled 139 contributions (129
full papers and work-in-progress, plus and 10 demonstrations). From this, we se-
lected 23 full papers (17.8%), 19 short paper presentations (15%), 14 poster sub-
missions (11%), and 5 demonstrations. Twenty-six countries contributed works
for review, the same as last year’s conference in Berlin.

The programme of TPDL 2012 proved particularly challenging for the pro-
gramme committee to finalise. The support of our metareview committee, con-
tinuing the practice of recent years at TPDL to use a second level of review, was
critical in balancing the merits of the competing submissions. Our programme
committee put in many hours of review and discussion, which greatly assisted
us as programme chairs, and ensured that our decisions were robust and well-
informed.

Fabrizio Sebastiani, our workshop chair, and Christos Papatheodorou, serving
as tutorial chair, put in particularly praiseworthy efforts to help in the success of
the conference. Our other supporting chairs also provided invaluable assistance
in finalising the programme.

The success of TPDL 2012 is also due to our various supporters, but in
particular the Coalition for Networked Information (CNI).

September 2012 George Buchanan
Edie Rasmussen

Panayiotis Zaphiris

Fernando Loizides
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What Would ‘Google’ Do? Users’ Mental Models
of a Digital Library Search Engine

Michael Khoo and Catherine Hall

The iSchool, Drexel University, 3141 Chestnut Street, Philadelphia, PA 19104, USA
{khoo, catherine.e.hall}@drexel.edu

Abstract. A mental model is a model that people have of themselves, others,
the environment, and the things with which they interact, such as technologies.
Mental models can support the user-centered development of digital libraries: if
we can understand how users perceive digital libraries, we can design interfaces
that take these perceptions into account. In this paper, we describe a novel
method for eliciting a generic mental model from users, in this case of a digital
library’s search engine. The method is based on a content analysis of users’
mental representations of the system’s usability, which they generated in
heuristic evaluations. The content analysis elicited features that the evaluators
thought important for the search engine. The resulting mental model represents
a generic model of the search engine, rather than a clustering of individuals’
mental models of the same search engine. The model includes a number of
references to Web search engines as ideal models, but these references are
idealistic rather than realistic. We conclude that users’ mental models of Web
search engines should not be taken at face value. The implications of this
finding for digital library development and design are discussed.

Keywords: human-computer interaction, human factors, mental models,
search, search engine, users, user-centered design.

1 Introduction

Mental models shape how users perceive and interact with technologies [19, 22].
Understanding users’ mental models supports user-centered design, and the creation
of technologies and interfaces that take users’ expectations into account. This is
relevant for the user-centered design of digital libraries [4, 14, 29].

Since the concept was first proposed [6], a range of theoretical approaches to
mental models has been proposed [14, 23, 28]. These approaches can be mutually
exclusive [23]. In this paper we adopt the definition of Norman, who connects mental
models directly with the ways in which users perceive and evaluate the usability of
technologies [14, 19, 23]. According to Norman, a mental model is a model that
“people have of themselves, others, the environment, and the things with which they
interact. People form mental models through experience, training, and instruction.
The mental model of a device is formed largely by interpreting its perceived actions
and its visible structure” [19]. Norman cites Kempton’s study [11] of ‘folk theories’

P. Zaphiris et al. (Eds.): TPDL 2012, LNCS 7489, pp. 1-[2] 2012.
© Springer-Verlag Berlin Heidelberg 2012



2 M. Khoo and C. Hall

of residential thermostats. Some users erroneously believe that if a higher temperature
is dialed, then more heat is let into a room; such users set a thermostat to a higher
temperature in order to heat a room ‘faster,” and then dial the thermostat back once
the desired temperature is reached. Kempton called this folk theory the ‘valve’ model.
However, a room will heat up at the same rate, regardless of the thermostat setting,
until the desired temperature is reached, at which point the switch cuts off the heat.
Kempton called this correct theory the ‘feedback’ theory.

Incorrect and folk mental models can lead to erroneous user interactions. System
interfaces should therefore be designed to make it easy for a user to determine what
correct actions are possible at any moment, and to evaluate the outcome of user
actions. Norman models this as (a) the designer’s image (‘the conceptualization that
the designer has in mind’), and (b) the user’s image (‘the model ... the user develops
to explain the operation of the system’), which intersect in (c) the ‘system image.’
The system image (such as a thermostat dial) is the evidence available to the user,
which points to the underlying function of the system (see Figure 1). It represents the
system components and their relationships to the user, so that the user can easily
interact with the system; it therefore acts as a translational hinge between the designer
and the user. When a system image accurately represents the underlying system
model, then a device is easy to use. However, when a system image is “incoherent or
inappropriate ... incomplete or contradictory” then usability problems can arise. In
Kempton’s study, a rotary thermostat dial presents an ambiguous system image. The
dial rotates like a volume knob, suggesting that rotation increases the amount of
something; however, the supply of heat is actually constant, and the point at which the
rotation stops actually sets the limit at which the thermostat cuts off the heat supply.)

DESIGN USER’S
MODEL MODEL
DESIGNER USER

)

SYSTEM

SYSTEM
IMAGE

Fig. 1. Norman’s model of the role of the system image

2 Background and Literature Review

In this paper, we describe the mental model that a group of digital library users had of
that digital library’s search engine. There are a number of previous studies of the
mental models of users searching libraries and digital libraries. Borgman [3] studied
users performing Boolean search operations, and found that even when users had
acquired some kind of mental model of how Boolean logic worked, they were unable
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to articulate it in a coherent fashion. Dimitroff [7] studied student OPAC users, and
found a positive relationship between a user’s ability to articulate a mental model of
search, and their success in searching. Griffiths & Brophy [9] found that Google was
the first place most university students looked for information, and held it in high
regard (“Google is very straight forward. You put in your word and it searches”). In
contrast, few students (with the exception of LIS students) were likely to turn first to
library OPACs or academic resources, which were seen as being difficult to
understand. Makri et al. [14] observed and interviewed eight users engaged in a
variety of information retrieval tasks. They inferred mental models through coding,
and identified nine overall themes, including search technologies. Some participants
assumed that the search engines of Web sites, e-commerce sites, and digital libraries
all worked in a similar manner, while other participants recognized differences but
were confused as to their technical nature. They suggest that library and digital library
interfaces should provide support for users to make sense of interfaces. Murumatsu
and Pratt [16] looked at users’ mental models of query transformations by Web search
engines (such as behind-the-scenes parsing into Boolean queries) and found that
while users recognized that different search engines parsed queries in different ways,
they were unable to come up with a reasonable model of how this worked in practice,
and there was “a substantial mismatch between most users’ mental models of web
search engine operation and their actual operation.” Nielsen [11] has described a users
model of Web search as including a search box for query entry, a search button to run
the search, and a list of results “that’s linear, prioritized, and appears on a new page.”
“Deviating from this expected design,” notes Nielsen, “almost always causes usability
problems.” Slone studied public library uses of library catalogs and online search
engines, and found that the mental models of all these were often vague and almost
‘magical’ [25; c.f. 27]. Zhang [29] explored forty-four undergraduate students’ mental
models of the World Wide Web, using questionnaires, semi-structured interviews,
sketches, and observations of search tasks. The mental model identified included a
‘search mechanism,” and here students expressed a preference for using Google,
although they framed this from utilitarian rather than a technical perspective.

Further relevant research has looked at users’ attitudes towards library OPAC:s,
digital libraries, and Web search engines, without necessarily building explicit mental
models. Bawdlin and Vilar [1] note a tendency for OPAC and digital library users to
expect search engines to perform like Google, and also like e-commerce sites such as
Amazon. Becker [2] interviewed students and found that while they could articulate
the importance of source evaluation, and how to achieve this with OPACs, in practice
they followed the ‘path of least resistance,” and used Google. Connaway et al.’s [5]
multifaceted study of ‘convenience’ as a motivating factor in the information seeking
behaviors of students and faculty included the finding that subjects (particularly
undergraduates) saw Google as a convenient and easy-to-use environment for
information seeking, which libraries should seek to replicate. Fast and Campbell [8]
found that university students often saw Web search engines (such as Google) as
offering relatively simple ease-of-use compared with OPACs (‘you can type pretty
basic things into the Internet and get a ton of results’), with this perceived ease-of-use
generally compensating for any post-session filtering that users might have to engage
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in. Martzoukou’s [15] study of postgraduate students assessed their self-satisfaction
with their information seeking skills, and found that while they were experienced
Web searchers, and also had an awareness of the limitations of this approach, they
had ‘minimal motivation to change habitual behavioural patterns’ and develop more
complex strategies. Finally, Ponsford and vanDuinkerken’s [24] user tests of an
academic library’s new federated search engine, found that while some were willing
to spend time to learn to use the new system, many (especially the younger ‘Google
generation’) wanted a ‘point-and-click’ Google simplicity.

A general theme of many of these studies is that users’ expectations of a system
can be used to generate requirements for improving that system. In the cases cited
above, for instance, Web search engines are seen as forms of requirements for
improving OPACs and digital libraries. Just how useful is such an approach,
however? In the rest of this paper, we describe how users’ reported expectations of
Web search engines are often idealistic rather than realistic. We use a content analysis
of student heuristic evaluation assignments of ipl2, to identify a generic mental model
of a Web search engine in the student evaluators’ discourse, which (as we shall show)
has a number of gaps with regard to current Web search engine technology.

3 Methods

The Internet Public Library was founded in 1995 as on online reference service. It
subsequently developed its own reviewed collections of web sites. Beginning in 2008,
the IPL was re-launched as ipl2. The Web site was redesigned, and the catalog
crosswalked to Dublin Core metadata, now stored in a FEDORA database [12]. ipl2 is
now maintained as a largely volunteer project that provides online reference,
reviewed collections, and other services. It has approximately 40,000 catalog records,
including 12,500 internal web pages, and links to external web sites. In 2011, ipl2
received 7,842,351 visits (including 5,856,289 unique visitors), and 21,317,480 page
views. Recent project work has included building a new metadata tool, evaluating the
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usability of the search interface, and search error messages [21], and understanding
users’ mental models of ipl2.

Mental models, as abstract entities, can be difficult to observe [14, 29]. Often,
researchers will collect data with qualitative instruments (interviews, think-alouds,
etc.), and analyze and code these data to identify mental model themes. This study
utilizes a hitherto unreported method, based on an analysis of assignments written by
student teams in online Masters’ “Introduction to HCI” classes over several years.
Most students had no prior background in HCI, although many worked with libraries
or information systems. The assignment required the students to carry out a heuristic
evaluation of ipl2. While the original aim of the assignment was not to generate
mental models, it was subsequently realized that the reports could be analyzed for
evidence of mental models; for instance, if a report contained the finding that “the
ipl2 search engine fails to prioritize search results,” it could be inferred that
prioritized search results are part of a mental model of what the ipl2 search engine
should provide. Similar reasoning can be applied to the other findings in the reports.

The students in the courses read Norman’s The Design of Everyday Things [19],
and studied HCI methods. For a final project, they were asked to carry out a heuristic
evaluation [17] of ipl2. ip]2 was chosen to give the students a chance to apply HCI
techniques in the context of a realistic client and design brief. Heuristic evaluation
was chosen as a technique that works well with distributed virtual teams. The teams
interviewed potential ipl2 users (teachers, students, parents, etc.), developed
appropriate personas and scenarios, and then carried out the heuristic evaluations.
They analyzed and prioritized their evaluation data, and wrote reports detailing their
findings and design recommendations.

These reports are a rich source of data regarding interface issues with ipl2. A
previous study coded these reports for high-level usability issues [13]. Major themes
found included:

e Search and browse issues (38% of issues) related to problems with the search
engine, difficulties with browsing, confusing subject categories, poor search results
(empty results, etc.), lack of advanced search, lack of result refinement, etc.

e Navigation issues (27% of issues) related to broken links within the site or to
external resources, confusion when leaving the site to visit an external resource,
lack of navigation back to the home page, and poor quality ‘breadcrumb’ trails.

o Interface issues (18% of issues) related to a site design that was at times considered
to be cluttered, inconsistent, and confusing.

A number of remarks in the reports showed that the student teams took Web search
engines as one benchmark for evaluating ipl2. That is, they evaluated the performance
of ipl2 against their existing experience of Web search engines, and then suggested
that Web search engines were superior, and that ipl2 should implement various
aspects of Web search engine technology. The original research question for this
paper was therefore to understand further the ways in which the students’ mental
models valorized Web search engines; that is, which features of Web search engines
did users see as desirable, and which could be incorporated into ipl2? However, this
relationship turned out to be quite complex, in that while the reports did compare ipl2
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to Google, they did so in terms of a low- rather than a high-fidelity model of Google.
In the rest of this paper, we will take a closer look at this phenomenon.

The current analysis analyzes 33 de-identified reports produced by 194 students in
33 teams. Both authors iteratively reviewed a complete set of reports for descriptions
of the ipl2 search engine. Once identified, relevant passages were cut from the
reports, generating a total of 415 ‘snippets’ for the two authors. The snippets ranged
in size from one-line bullet points, to detailed page-length descriptions of particular
search engine issues, and included both direct and indirect references to Web search
engines. Using a card sort methodology, the authors identified an initial set of themes,
and then allocated the snippets to these themes. Many of the snippets did not fit tidily,
and there were a number of discussions as to the ‘best fit.” As the analysis progressed,
themes were discarded, modified, and consolidated, until a final set of themes was
arrived at. While there is software that can perform somewhat similar analyses, this
collaborative hand-sorting has advantages, with the ability to discuss easily any of the
snippets leading to contextualised meaning-making of the data.

4 Results

Four high-level themes of users’ mental models of the ipl2 search engine were
identified in the analysis:

e Search page issues. The search page should include tools such as auto-correct, an
easy to find ‘help’ page, etc.

e Search results page issues. The search result page should make better sense of the
large numbers of search results, address link rot, and distinguish between internal
and external Web site links.

e Proposed design solutions. Suggestions for improving ipl2 include developing an
advanced search page, providing better ‘help’ pages, saving search histories, and
supporting what many of the teams called ‘natural language’ queries.

e Recommendations that ipl2 adopt various aspects of Web search technology.
Particularly, the teams recommended that ipl2 become more ‘like Google.’

Each theme is discussed in this section, based on snippets allocated in the analysis.

4.1  Search Page Interface Issues

The first theme of the mental model is associated with the usability of the search bar. A
number of interface issues were identified, including lack of spelling auto-correct
features, and lack of error-correct features. A feature many felt was lacking was a
“smart search technology that can predict a user’s intended search query when he
misspells something, like the Google search engine’s ‘Did you mean?”, along with
predictive text and auto-complete capabilities. This issue was deemed particularly
important given ipl2’s user population, and one team reported that “the inability of the
system to recover from and correct this particular type of error could create an
insurmountable barrier for school age children...” Several teams noted problems with
the design of the search bar, and a drop-down option that allowed localized searching of
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some ipl2 collections. Overall, these and other missing features were seen as standard
problems that had been solved in many Web browsers, search engines, and e-commerce
sites, and as such their absence in the ipl2 search engine was noticeable. As one group
put it, adding such features would “drastically improve the flexibility of the search
functionality, prevent errors like misspellings, and improve standards that other search
engines follow.” (How the latter, in particular, would be achieved, was not explained).

4.2  Search Results Page Issues

The second theme concerned the search results page. The presence of dead or broken
links negatively affected opinion about ipl2, and it was felt that more maintenance
was required, as well as easier mechanisms for users to report bad or broken links. As
one report summarized, although “the links that didn’t work were to external sites that
the ipl2 doesn’t control...a broken link will degrade the overall user experience
regardless of whose fault it technically is.” Several groups also noted that ipl2 did not
do enough in terms of providing context and provenance to distinguish between the
results for internal ipl2 collections, and those for external web pages. One team
reported that “the website gives no indication of which links are located within the
ipl2 website and which lead to an external website (other than by looking at the actual
link address, which might be too sophisticated for some users to interpret)”’; and many
felt that when selecting a link to a third-party resource, users should receive some
form of alert or warning. Both of these suggestions showed an awareness of the
‘library’ aspect of ipl2 — that sites were curated and consequently ipl2 had a
responsibility to its users that is not typically expected of commercial search engines.

Teams were concerned that large numbers of search results that appeared to lack any
apparent prioritization. One group noted that 49 results were returned for the search
term “steel,” a number considered to be “daunting to the user” (this observation is
discussed further below). Lack of obvious indicators of ordering, such as number
ranking, clustering, or alphabetization, was thought to hinder a user’s ability to find
information. Teams also criticized the lack of post-search refinement options. As one
team noted, “the modern user expects their search results to have an apparent hierarchy
... there is also the expectation that a user will be able to sort results by simple sets of
criteria.” Such a lack of transparency in how the results were ranked, along with an
inability to refine a results set, negatively affected the “trustfulness” of ipl2 and could
lead users “to question the information’s relevance and validity.” It was therefore
suggested that ipl2 provide a clear indication of how search results were ranked.
Interestingly, most groups seemed comfortable accepting the implicit ranking of Google
and other search engines, but they assumed that ipl2 search results were not ordered in
anyway. Post-search refinement options were therefore seen as an expected feature of
the ipl2 search engine, and the teams expected to be able to filter search results by
criteria such as date, subject, keyword frequency, and most popular sites.

4.3  Proposed Design Solutions

The third theme included solutions that the teams proposed for the problems they had
identified, such as an advanced search tool. “Users are not able to enter several search
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terms, narrow results, or refine existing results,” noted one report. The possible
underlying technology of an advanced search tool was not however elucidated. The
teams tended to think of such a tool as an interface design issue, maybe in terms of
adding another Web page, rather than something that would depend on manipulating the
underlying ipl2 metadata. (In general, metadata was very rarely discussed in any of the
reports). A similar set of solutions called for support for users to reformulate and refine
queries, and user accounts for users to share queries and results with each other. This
solution was again seen mainly in terms of how such tools might appear in an interface,
with the underlying architecture — user accounts, secure logins, etc. — largely ignored.

A further set of solutions asked for easy-to-understand help guides. “The vast
majority of the problems stemmed from the lack of help, hints, or guidance from the
site,” claimed one report. The current help guide was hard to locate, and too technical
for most users: “Many users, particularly younger and/or inexperienced people, will
find that the wording and complexity of this function is more confusing than helpful,”
said one team. However, there was also a tension between making the guide simple,
and the complexity of the concepts that the teams thought should be included. For
instance, as the ipl2 search engine permits Boolean operators, several teams thought
that these needed to be explained clearly, especially to younger users, but without an
actual technical discussion of what Boolean operators actually were [c.f. 3, 16].

A final set of solutions concerned what the teams called ‘natural language’ queries.
While rarely defined, it was implied that natural language searching would lead to
better results and usability; as one report said, “Users also may assume that such a
search tool would understand semi ‘natural language’ searches. Due to the popularity
of the search engines Google, Yahoo, and Bing, these assumptions are engrained in
users’ minds as the way things should work.”

4.4  Benchmarking against Web Search Engines

The fourth and final theme consisted of teams benchmarking ipl2 against Web search
engines. There were many suggestions that the ipl2 search engine replicate the
features and interaction characteristics of existing Web search engines (Google,
Yahoo!, and Bing were frequently mentioned). Features such as query auto-complete,
referred to as “smart search” technologies, and spelling correction, similar to
Google’s ‘Did you mean ..." feature, were popular. One team observed that some of
the health topics might be unsuitable for young children, and so settings “similar to
Google’s ‘Safesearch’ can be used to keep certain kinds of content away from prying
eyes.” Other desired features included an easy-to-use advanced search page; user
accounts that allow users to login, save and share searches; an easy to understand help
page; and an ability to handle ‘natural language’ queries.

There were a number of comments that ipl2 could be difficult to use because it was
not like a Web search engine; as one group commented, “Most personas were
particularly challenged by the behavior of ipl2’s search function because it did not
work the same way as Google’s search engine.” Several teams suggested that ipl2 just
use Google as the default site search (although this does miss the point of what to do
about searching through the third party resources in the ipl2 catalog).
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4.5 Summary

In summary, the users’ mental model of the ipl2 search engine, inferred in the
foregoing analysis, emphasizes the return of useful results, and includes:

e a ‘smart search’ feature (auto-correct, auto-complete, ‘did you mean,” etc.)
an age appropriate ‘safe search’ feature

an advanced search page that permits search refinement

better navigation across multiple results and multiple search pages
prioritization of search results

refinement of search queries and filtering of search results

curation of broken links

warnings when moving ‘off site’

user accounts for saving and sharing searches

an easy to understand help page

an ability to handle ‘natural language’ queries

a resemblance to Web search engines that users are already familiar with.

5 Discussion: Like Google, or Google-Like?

Variations on many of the usability issues identified in the analysis have previously
been described in the digital library literature, including the fourth issue, in which the
teams referred to Google as a search engine that was doing things ‘right,” and
recommended that the ipl2 search engine be modeled on Google. Identifying and
describing this theme was an original intent of the analysis, and if the analysis had
stopped here, it would have been tempting to conclude that the users’ generic mental
model of the ipl2 search engine was indeed based on their experience of Google.
However, upon closer examination, a number of dimensions of this similarity are
questionable. The users often did not have a firm mental model of what it was that
Google actually did, and there were several disconnects between the portrayal of
Google in the teams’ reports, and Google itself.

In one disconnect, the teams suggested a number of ‘Google-like’ improvements to
ipl2, which are not in fact found in Google. For instance, it was suggested that ipl2
provide user accounts for sharing search results, but Google does not do this (Google
does however provide user accounts that include personalized ‘as-you-type’ search
predictions, results and recommendations tailored to users’ preferences, etc.). There
were suggestions that ipl2 provide a way to refine search results, and allow users to
revisit and refine queries, in a form of faceted filtering. Again, Google does not really
provide such a service, at least for subjects (although at the time of writing there are
various links placed around the edge of Google search results pages that allow
refining by date, file type, etc.). There were also requests for alphabetized results,
which Google does not provide (perhaps the students were thinking here of OPACs).

In a second disconnect, the ipl2 search engine was critiqued for returning too many
irrelevant results. However, Google returns many orders of magnitude more results,
for the same queries. A specific example (mentioned above) noted that a search for
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the word ‘steel’ returned 49 results in ipl2, which was considered too high. The report
commented: “The results certainly are imprecise. The first two results provide
relevant sources in this case, but it becomes less useful beyond that. The sixth result,
‘Brad’s Page of Steel,” concerns acoustic and electric lap steel guitars, which has
nothing to do with the evaluator’s topic of interest beyond the shared word of ‘steel.””
In comparison, however, the same search on Google returns approximately 1.4 billion
results, displayed on a page dominated by a local map and links to local businesses.

A third disconnect included recommendations that ipl2 adopt Google’s search
technology. However, these reports did not acknowledge the different underlying
technologies of ipl2 and Google. ipl2 uses the Lucene search engine to search across
Dublin Core metadata in a Fedora database. A key component of Google’s search
technology is PageRank [20], which predicts the quality of a Web page by calculating
an index from the inbound links to that Web page, on the assumption that the number
of such links represents a quality judgment by other Web users. In practice, it is not
possible for ipl2 to have a PageRank-based engine, as it does not have access to an
index of the Web upon which to base such calculations.

Overall, the teams often compared ipl2 unfavorably with, and also suggested that
ipl2 be more like, Google. However, their descriptions of what it was that Google
actually did, and which ipl2 should therefore copy, were imprecise. They often
seemed to be not of Google per se, but rather of an idealized search engine, to which
users attached the label ‘Google,” as this was the closest real-life approximation that
they could think of (c.f. a similar disconnect in the case of mental models of mobile
phones [27]). In other words, the teams did not want the ipl2 search engine to be like
Google; rather they wanted it to be Google-like, in the sense that Google was their
preferred search engine. This was reflected in the teams’ overall visions of a digital
library in which it was possible to seamlessly and effortlessly access and share
relevant educational resources.

This finding — that the teams saw Google as an exemplar for ipl2 to follow, without
knowing in detail how Google worked — has important implications for the use of
mental models in the user-centered design of digital libraries. Digital library users
may refer to Web search engines as ideals; this does not mean that digital library
designers should take Web search engines as rigorous models for the development of
digital libraries (c.f. [26]). To do so would fail to take into account all of the
characteristics that users ascribe to Web search engines, but which do not actually
exist in these search engines; users’ mental models of Web search engines are richly
detailed, but they are framed as folk models, rather than technical models [11, 19].
When building mental models of digital library search engines, references to Web
search engines should not therefore be taken at ‘face value’ data, but investigated
further to find out exactly what it is that users do mean by (for instance) ‘being like
Google.” This complicates the relationship between the design model, the user’s
model, and the system image, in Norman’s original model. It increases the work that a
system image has to do in order to represent a digital library system to users in a
facile way, as the system image has take into account users’ folk models of Web
search engines, rather than assuming that they are referring to the characteristics of
actual Web search engines.
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Finally, there are several limitations to this study. One limitation is that the sample
population consisted of Masters students, who are not necessarily typical ipl2 users;
however, in the assignment, the use of personas and scenarios helped to address this
limitation. A second linked limitation is that the students were also predominantly
LIS and MLIS students, which may have biased some of their proposed solutions
towards more technical solutions (c.f. Griffith and Brophy’s discussion of the
differences between library and non-library students [9]). A third limitation is that the
assignments were not directed at mental model building, and there was no opportunity
to ask the students how they actually thought Web search engines such as Google
might work. However, this allowed us to treat the data as ‘naturally occurring’
discourse, from which mental models could then be inferred. Third, it can be argued
that the students were primed to look for problems by the assignment, and thus that
the findings are in some sense artificial. However, in general, the consistency of the
findings across the teams suggests that this analysis has identified a real phenomenon.

6 Conclusion

Digital libraries provide filtered access to high quality, richly described, expert-
evaluated content. At the same time, the resource discovery process in digital libraries
can be frustrating, and digital library researchers have known informally for a while
that users can benchmark digital libraries unfavorably against Web search engines.
This paper has described a method for eliciting a generic mental model from users of
ipl2, in order to identify areas for improving the ipl2 search engine. While the initial
expectation that the users would preferentially refer