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ABSTRACT 
The term browsing can refer to a number of different activities, particularly when it comes to 

information behaviour. It has been used to refer to web browsing; the act of moving from one 

information source to another assimilating information along the way, or citation chaining, 

moving through a network of articles that cite each other in the hope of discovering new 

information. It also refers to what might be termed collection browsing, the act of examining a 

related group of things and selecting some for further examination later. It is this latter form of 

browsing I address in this thesis. 

Browsing is a natural part of the human information seeking process, recognised in all the 

major models of information seeking behaviour. Browsing is particularly useful when an 

information need is loosely defined, when an information seeker is assessing an information 

source, or when they are looking for inspiration or serendipity. One information type that is 

commonly mentioned when discussing browsing is books, perhaps because the library shelves 

are so supportive of browsing. 

It is notable that—in contrast to search—browsing has been the subject of little research, and 

is largely unsupported online. In an age of increasing information digitzation—90% of the 

books in Australian university libraries are now ebooks—information seekers’ options for 

approaching information problems are vastly reduced. While a number of systems to support 

browsing have been developed in recent years, none of them have seen the wide uptake of 

search—despite information seekers’ insistence that browsing is important. This low uptake is 

perhaps because—despite its known importance—we do not really understand what browsing 

behaviour is.  

This thesis attempts to address the thorny problem of browsing, focusing particularly on 

library browsing. The approach taken is three-pronged. 

First, quantitative analysis of library borrowing records of physical and digital books is used to 

demonstrate the impact of browsing on borrowing behaviour. It is clear from this analysis the 

shelf location affects the borrowing of physical books, just as the observational literature has 

suggested it might; it is also clear that ebooks are not borrowed in the same patterns. 

Next, an observational study in two libraries is used to understand both the physical actions 

and the overall strategic behaviours involved in shelf browsing. Based on this a typology of 

browsing strategies has been developed. 

Thirdly, using this typology and our understanding of the physical behaviours used in browsing, 

a set of system design recommendations is presented. These recommendations are compared 

to existing systems that have been described as supporting browsing, including recommender 

systems, search result lists, and a number of bespoke browsing systems, demonstrating that 

no system meets the requirements of browsing as an information behaviour. 

The contribution of this thesis is a new theory of browsing behaviour, incorporating both the 

physical actions and overall strategies of browsers. It further describes several new 

requirements for browsing-supportive information systems, and a new conceptualisation of 

browsing as a behaviour. 
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1. INTRODUCTION 
In an age where information is usually found by throwing terms at Google and hoping that 

something relevant and not-too-filtered by the last ten things you looked for comes back, 

there is something magical about wandering the library shelves, or even a physical music store. 

You don’t need to know what you are looking for, the options are laid out before you to 

sample at will. The information is diverse, but not chaotic: there is an underlying structure to 

the way it is presented that helps you find what you need without insisting on a single 

approach. Even if you had something in mind, the shelves or CD racks may offer up other 

treasures instead of or as well as the thing you originally sought. This is the experience of 

browsing, and it does not (currently) exist online. 

The term browsing is contested in the science of behaviour. ‘Browsing’ can refer to foraging 

for food (in biology), shopping behaviour (in marketing) or web browsing or citation chaining in 

information science. It can also refer to undirected information seeking behaviour within a 

collection of objects, such as books at library shelves, videos or music, or even journal articles 

(Rice, McCreadie, & Chang, 2001). The domain of this thesis is information seeking, and while 

citation chaining and web browsing are relatively well understood, this latter kind of browsing 

is poorly understood and poorly supported online. Throughout the rest of this thesis, when the 

word browsing is used, it is this latter type of browsing that is being addressed, unless 

otherwise explicitly stated. The type of browsing discussed in this thesis is perhaps best 

described by Bates’ definition from 2007, which draws on a range of literatures: seeing a large 

and interesting scene, identifying objects of interest, then examining them sequentially 

(Marcia J Bates, 2007). 

Browsing is a fundamental part of human information seeking behaviour, appearing in all the 

major models (e.g. (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997)). It is often described in 

opposition to search—where search is precise, directed and focused on known objects, 

browsing is imprecise, used for refining information needs or finding objects that are not 

clearly defined, or understanding what is available from an information source. It is perhaps 

the precision of search that has appealed to the information retrieval community, who have 

engaged in considerable research both understanding and supporting search behaviour, 

beginning with the Cranfield experiments in the 1950s that defined standard measures for 

precision and recall (Baeza-Yates & Ribeiro-Neto, 1999). In contrast, it is widely acknowledged 

and has been since the 1960s that more research on browsing is needed (Apted & Choo, 1971; 

Celoria, 1969; Marchionini, 1997). Until recently, this need has not been pressing: video stores, 

music stores and libraries all provided fertile physical environments in which information 

seekers could browse. The library shelves in particular are a near-perfect browsing engine, as 

noted in (Kleiner, Rädle, & Reiterer, 2013). The digitization of materials, though, has made the 

issue of browsing pressing: when 90% of the books in a library are online (as they are in 

Australian academic libraries), rather than on the shelf, the option to browse for books online 

becomes a necessity.  

Despite this necessity, and perhaps because physical browsing has worked so well we know 

little about browsing in practice. We know that it is highly valued by library users at least, 

repeated observational studies have demonstrated users expressing their preference for and 

delight in browsing, right up to refusing to use ebooks because that means forgoing the 

opportunity to browse (Foster & Ford, 2003; Hinze, McKay, Vanderschantz, Timpany, & 

Cunningham, 2012; Makri et al., 2007; McKay, 2011). We do not know, though, whether this 
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importance translates into action, specifically in terms of the books borrowed by library users: 

while it seems obvious that this must be the case it has not been proven, and we do know that 

users do not always have clear insight into their own behaviour (Rogers, Sharp, & Preece, 

2007). While there have been some attempts to describe the overarching strategies readers 

engage in while library browsing, these attempts predominantly date from the 1970s and are 

not empirically grounded (Apted & Choo, 1971; Celoria, 1969; Herner, 1970). Similarly, there 

have been some attempts to describe the physical actions readers take while browsing, but 

the most exhaustive of these comes from a study of children (Reutzel & Gali, 1998); the others 

again do not have a clear empirical grounding (Kwasnik, 1992; Marchionini, 1997; Rice et al., 

2001). Finally, while there have been a number of systems developed specifically as browsing 

systems (Almeida, Cubaud, Dupire, Natkin, & Topol, 2006; Kleiner et al., 2013; McKay, Shukla, 

Hunt, & Cunningham, 2004; Pearce & Chang, 2014; Thudt, Hinrichs, & Carpendale, 2012), none 

of these have had widespread uptake, perhaps because their development has not been 

grounded in a clear understanding of browsing behaviour.  

This thesis aims to address this gap in the literature by answering three fundamental research 

questions:  

• How, if at all, does browsing affect the information browsers ultimately select?  

• What are the strategies and behaviours involved in browsing?  

• What requirements do we need to meet to support online browsing, and are these 

requirements being met online? 

The remainder of this introduction will briefly give a background literature to the problem of 

browsing, then address how this thesis aims to address the questions outlined above. Finally I 

will overview the contribution made by this work and introduce the structure for the 

remainder of the thesis. 

1.1 BACKGROUND 
Perhaps the earliest discussion of online browsing is Bates’ seminal paper on berrypicking 

(Marcia J Bates, 1989). This paper describes a number of strategies information seekers use to 

generate online ‘browsing’ experiences, such as author and subject searching, these do not 

meet her own later definitions of browsing (Marcia J Bates, 2007). Browsing is a component of 

all the major information seeking models (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997), and 

is the underpinning of models that describe less-directed information seeking (Foster & Ford, 

2003; McKenzie, 2003; Pirolli, 1997). 

While browsing is a component of all the major information seeking models, the impact it has 

on what objects information seekers select is less clear. An early observational study of library 

browsing reported that about half of all readers selected books by browsing (Hancock-

Beaulieu, 1993b). This figure concurs with a more recent study reporting on a survey, however 

both these studies use a small sample of users (Kleiner et al., 2013). A statistical analysis of a 

small sample of books again suggests that browsing is likely to be a factor in which books get 

borrowed (Losee, 1993), but this may be subject to topic specific effects. Before attempting to 

support browsing online, it is important to know whether it affects information use, or is 

merely perceived to to do so by readers.  

Browsing is clearly valued by seekers of information that must be accessed using surrogates 

(representations of the full content), music information seekers and library browsers alike 

have expressed that the ability to browse is important to them (Blandford, Rimmer, & 
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Warwick, 2006; S. J. Cunningham, Bainbridge, & Falconer, 2006; Hinze et al., 2012; Makri et al., 

2007; McKay, 2011; Mikkonen & Vakkari, 2012; Saarinen & Vakkari, 2013; Stelmaszewska & 

Blandford, 2004). These groups use browsing to understand what is available to them, to 

leverage serendipity, and to access non-bibliographic cues about the information such as age, 

cover, and dust (indicating non-use). Particularly savvy information seekers understand that 

the organization of a library facilitates browsing—that the books near each other are likely to 

be related by subject matter—so location is used as a relevance cue (Makri et al., 2007). These 

information seekers also understand that there are problems with physical information—in 

the case of the library shelves books may be checked out or lost, and the peculiarities of 

classification schemes mean that related books may be shelved at distant locations (Blandford 

et al., 2006). Early commentary on browsing has noted that online browsing has the potential 

to ameliorate some of these difficulties (Marchionini, 1997), but thus far there has not been 

widespread development or uptake of browsing systems. 

Prior to 2012, there was only limited development of systems specifically intended to support 

browsing, e.g. (McKay et al., 2004). Recommender systems (Knijnenburg, Willemsen, Gantner, 

Soncu, & Newell, 2012) and faceted search (Kules, Capra, Banta, & Sierra, 2009) were both 

mooted as systems that might support browsing, but both require users to search—and not 

having to generate search terms (a notoriously difficult task (Borgman, 1996)) is one of the 

advantages of browsing. Since 2012 a number of systems specifically intended to support book 

browsing have been developed (Kleiner et al., 2013; Pearce & Chang, 2014; Thudt et al., 2012), 

but these systems have not been developed on the basis of a detailed and principled 

understanding of browsing behaviour and strategies. 

Some work exists on browsing behaviour. Marchionini has created a high level overview 

(Marchionini, 1997), and Kwasnik has addressed a small number of behaviours (Kwasnik, 

1992). Rice et al further provides a high level overview (Rice et al., 2001). The youngest of 

these taxonomies is from 2001, and they are fairly high level in terms of describing behaviour. 

Both Rice’s and Kwasnik’s studies have grounding in empirical data, but the data comes in both 

cases from a time before the internet. Looking for more detailed descriptions of browsing 

behaviour, Reutzel and Gali created a taxonomy of children’s shelf-based book selection 

behaviour (Reutzel & Gali, 1998). Hinze et al applied this behaviour to adults in 2012 (Hinze et 

al., 2012), but children’s information seeking behaviour is different to that of adults (Borgman, 

Hirsh, Walter, & Gallagher, 1995). There is a gap in the literature in addressing adult behaviour 

in a detailed, specific and generative way. 

There is a further gap in the literature around overarching browsing strategies. Broder 

developed an empirically grounded framework for describing search activities in 2002 (Broder, 

2002); no such framework exists for browsing. Early literature on browsing divided browsing 

into browsing with a specific purpose or object in mind, and less specific browsing (Apted & 

Choo, 1971; Celoria, 1969; Herner, 1970), however no further divisions were made. 

Marchionini divides browsing into within-document browsing and between-document 

browsing, but both are necessary in information seeking and selection (Marchionini, 1997). 

Understanding what behaviours and information needs are encompassed by browsing is likely 

to go some way toward informing online design. 

There are a number of clear gaps in the research literature: the impact of browsing on what 

information is used, what actions and strategies constitute browsing behaviour, and how 

browsing behaviour might best be supported online. This thesis aims to address those gaps. 

With a topic as broad as browsing, it is necessary to select a representative study domain; 
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given the predominant focus of the existing literature is on library shelf browsing—and 

academic library shelf browsing in particular, this thesis continues in that vein. 

1.2 CONTRIBUTION 
This thesis makes a number of contributions to the research literature and our understanding 

of browsing.  

First, this work uses log analysis to answer the question of whether browsing affects 

information use. The answer is a clear yes; and this browsing behaviour does not exist in online 

systems. This work even begins to quantify how much browsing affects information use, work 

that could seed the development of quantitative measures of browsing, so that systems might 

be compared for their effectiveness in the future. 

Second, this work uses qualitative observations and interviews to address questions on the 

nature of browsing. It offers a new conception of browsing behaviour, including a taxonomy of 

the physical actions taken, a framework of browsing strategies, and a new understanding of 

what browsing actually is. This new conception of browsing offers us a new way to discuss 

browsing behaviour, and a platform from which to develop deeper understanding.  

Third this thesis uses HCI requirements analysis strategies to begin to answer the challenging 

question of how best to support browsing online. It goes some way to explaining why we do 

not currently have widespread online browsing, and how we might develop better systems. 

This understanding is underpinned by an empirically driven set of browsing requirements, and 

reveals some new requirements that have not been met by any system to date. These 

requirements are likely to prove fruitful avenues for future development of browsing systems. 

1.3 THESIS DESCRIPTION 
This thesis is a thesis with publication: the body of this work is predominantly accepted or 

published works. 

Before launching into these publications, they are contextualised with an extensive literature 

review: this review will cover the existing literature on browsing, information seeking and 

retrieval, and on browsing systems. This literature review further identifies and refines the 

gaps in our understanding of browsing. 

Next, an overall research design is given. This work is multimethodological, incorporating log 

analysis, qualitative observations and interviews, and requirements analysis. The justification 

for choosing each of these approaches, and the ways in which they address the research 

questions posed in this thesis is given in this section. 

The first research question in this thesis, on the quantitative impact of browsing on 

information use, is addressed by three publications. These publications are summarised, then 

presented together. 

The second research question, on the strategies and actions taken in browsing, is presented in 

two publications, one giving a taxonomy of browsing actions, the other providing a descriptive 

framework of browsing strategies. These publications are summarised then presented 

together. 

The third and final research question, about how to support browsing online (and why it hasn’t 

happened yet) is addressed in the final publication forming part of this thesis, which is also 

summarised before it is presented. 
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Following the body of this thesis is a discussion section which expands on my findings in the 

context of the literature on browsing, browsing systems, information seeking and serendipity. 

Finally I present my conclusions, with pointers to avenues to future work. 
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2. LITERATURE REVIEW 
To talk about browsing, we first need to know what it is; the first part of this section will 

address the nature of browsing from first a theoretical, then a behavioural perspective. I will 

then discuss why the history of computing and information has led us to a place where 

information seeking is dominated by online search—and why this is not working for 

information seekers. This is followed by a discussion of why browsing still matters in an age of 

Google, from both a theoretical and information seeker perspectives. I will look at the existing 

approaches to supporting browsing, and why they may not have reached the widespread 

uptake and use that Google has for search. Finally I will identify the three key research 

questions of this thesis, summarising how the literature drives them. 

This literature review draws on a range of literatures, including library and information science, 

information retrieval, digital libraries, and human computer interaction. Browsing, and its 

value to users sits at the nexus of these. The theoretical models that underpin most of this 

work are from information science (Belkin, Oddy, & Brooks, 1982; Ellis, 1989; Foster & Ford, 

2003; Kuhlthau, 1991; Marchionini, 1997), and are predominantly based on participant 

interviews and observations, an approach I use in this thesis. 

Parts of this literature review have developed into thinking at a theoretical level about 

information systems. Appendix 1 includes an example of this thinking, ‘On Birthing Dancing 

Stars: On the Need for Bounded Chaos in Information Systems’, a paper currently under review 

at the ACM conference on Computer Human Interaction in Information Retrieval (CHIIR 19). 

This paper is not a research paper—it is a perspectives paper—it therefore does not and 

cannot form part of this thesis, however it does point to directions for future groundbreaking 

work. 

2.2 WHAT IS BROWSING? 
Rice and Chang (Rice et al., 2001) note that the term browsing as term has meaning in a range 

of disciplines including library science, information economy, mass communications and 

information science. This thesis examines browsing with a particular focus on information 

seeking, which I will describe further below.  

The term browsing is contested even within information seeking. It is often used to describe 

the activity that is colloquially known as ‘surfing the web’; an information acquisition or 

entertainment-based activity. This thesis is not about that activity: it is about acquiring 

information during a process, much like Pirolli’s information scents (Pirolli, 1997). Web 

browsing is somewhat akin to Marchionini’s within-document browsing (looking for 

information inside a single document), where the goal of the activity is once again information 

acquisition (Marchionini, 1997). 

This thesis does not address web browsing or any other type of information acquisition that is 

described as browsing. Instead the questions addressed in this thesis are about browsing for 

information selection. This is the activity that is described as browsing in the major information 

seeking models as browsing or exploration (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997), 

and is somewhat akin to document triage of search results (Bae et al., 2006; Loizides, 2007). 

Unlike triage, however, the browsing we address is not the examination of a set of documents 

circumscribed by a query—it addresses browsing of larger collections collated by someone 

other than the information seeker.  
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This approach to browsing is one commonly taken where information seekers need to use a 

surrogate—a semantic or syntactic representation of an object that is too large to show in its 

entirety—is used for decision making (Marchionini, 1997). Examples of browsing where 

surrogates are used for decision making include videos, music and—most pertinent to this 

thesis—books. 

Bates began her work on browsing  in 1989 with the berrypicking model, where she conducted 

an initial examination of the information seeking behaviours that were not well supported by 

search (Marcia J Bates, 1989). In 2007 she published a comprehensive work on browsing that 

addressed all the underlying disciplines, including biology, neuropsychology and library 

science. In this work she defined browsing as glimpsing a large and interesting scene, selecting 

items for further examination, examining them in series (rather than in parallel), and choosing 

to keep or abandon the information (Marcia J Bates, 2007). This thesis begins with this 

definition of browsing which—as one commentator notes—makes the library shelves a near-

perfect browsing engine (Kleiner et al., 2013). Given that information seekers largely feel the 

same about the library shelves, and there is a significant literature on library use and shelf use 

to underpin this work (for example (Borgman et al., 1995; Hinze et al., 2012; Makri et al., 2007; 

Mikkonen & Vakkari, 2012; Ooi, 2008; Saarinen & Vakkari, 2013; Stelmaszewska & Blandford, 

2004)), library shelves were selected as the site for the research in this thesis.  

Bates definition of browsing is descriptive (Marcia J Bates, 2007), but it does not describe 

browsing at a behavioural level—it says what browsing is at a conceptual level, but not how 

information seekers do it. We will address the literature on browsing behaviour below. 

2.3 WHAT ARE BROWSERS DOING? 
There are two literatures that address browsing behaviour. The first is early literature on 

browsing typologies, the second is studies of browser behaviour at the library shelves. 

The earliest attempts to describe browsing as addressed are from the late 1960s and early 

1970s. At this time Herner, Celoria and Apted all formed browsing behaviour typologies (Apted 

& Choo, 1971; Celoria, 1969; Herner, 1970). Each of them had a classification that describes 

wandering a library in search of something interesting; all three also describe a kind of directed 

browsing where information seekers have a clear goal. Herner’s classification further describes 

browsing where information seekers are deliberately putting themselves in the way of 

information, much like scanning in McKenzie’s social information seeking model (McKenzie, 

2003), or the deliberate attempts to experience serendipity described by Makri (Makri, 

Blandford, Woods, Sharples, & Maxwell, 2014). These models describe elements of browsing 

behaviour, but are very, very early and not clearly grounded in empirical research. Rice and 

Chang present a more detailed model of browsing behaviour in their book, and one that is 

clearly grounded in empirical evidence, but it, too is from pre-internet days: while the book 

was published in 2001 the data on which their model was based was gathered in the early 90s 

(Rice et al., 2001). Also from the early 90s is Kwasnik’s process model of library shelf browsing 

that incorporates six behaviours, including orientation, placemarking, and transition (Kwasnik, 

1992). Marchionini created an early internet era description of browsing behaviour, but this 

work like Kwasnik’s is a high level description (Marchionini, 1997). 

Turning to more detailed work, Reutzel and Gali created a detailed description of library shelf 

browsing behaviour based on children’s behaviour(Reutzel & Gali, 1998). This generative 

typology does not examine the goals or overarching strategies children engage in, but does 

provide a detailed description of behaviour. Hinze et al later applied this typology to adult 
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behaviour (Hinze et al., 2012), however we know that children and adults have different 

information seeking behaviours in other domains, a finding that seems likely true for browsing 

as well (Borgman et al., 1995). Björneborn’s description of the elements of a system that 

support serendipity noted some library shelf browsing behaviours, including returning to 

favourite locations, systematically browsing sections of the library, and incidental encounters. 

This work is not an exhaustive account of browsing behaviour, though, its focus is on 

serendipity (Björneborn, 2008). These accounts provide some insight into what browsing 

behaviour might look like, but none provides an exhaustive, generative account of browsing 

behaviour, and they further do not describe the motivations and strategies of browsers. 

There are a number of studies of information seeking behaviour in libraries that incidentally 

address browsing, and they identify a number of elements of the shelf experience that support 

decision making. Browsing the shelves offers readers the opportunity for serendipitous 

discovery (Foster & Ford, 2003; Makri et al., 2007), but it also offers a range of information 

about books that is not presently available in online systems. Information visible at the 

physical shelves includes cover information, the size of books (and therefore their length), dust 

on the shelves indicating recency (or not) of use and wear and age of the books (Blandford & 

Furniss, 2006; Hinze et al., 2012; Makri et al., 2007; Saarinen & Vakkari, 2013; Stelmaszewska 

& Blandford, 2004). Savvy readers also use shelf location—which is dependent on topic for 

non-fiction (Svenonius, 2000)—as a relevance cue (Makri et al., 2007). Looking to other 

locations and information types, cover is seen as a cue in bookstores as well as libraries, and 

CD covers are a part of music browsing (S. J. Cunningham et al., 2006). 

There are a number of accounts of browsing behaviour in the literature. Astonishingly, given 

that many of them mention information seekers dealing with large volumes of information, 

not one describes information overload, suggesting browsers employ strategies for managing 

this while browsing. None of these accounts, provide a post-internet era comprehensive and 

generative description of what is happening when information seekers browse, either in terms 

of their behaviour or their strategic intentions. Understanding what browsing is will likely 

facilitate better online browsing, in an age where information is moving online. 

With a clear picture of what browsing is, I will now turn to why supporting it online remains an 

open research question, first examining the history of computing to show why search has been 

such a dominant paradigm online, then describing why browsing matters in an age where 

nearly everything can be Googled. 

2.4 THE EVOLUTION OF SEARCH DOMINANCE IN INFORMATION SEEKING 
Since the 1950s, computers have been used for storing and accessing large volumes of 

information, giving rise to the discipline of information retrieval (Baeza-Yates & Ribeiro-Neto, 

1999). This discipline was born of the Cranfield experiments (Baeza-Yates & Ribeiro-Neto, 

1999), which defined precision and recall—measures of how many relevant documents are 

returned by a query-response approach to information seeking. Since then information 

retrieval has largely been focused on relevance ranking, so that users see only relevant 

documents, and the most relevant first. This push for relevance, and precision over recall, only 

increased with the advent of the internet (Khoo & Hall, 2012; Sanderson, 2010). In a world of 

too much information, narrowing what is available down has been perceived as key to 

avoiding information overload (Bawden, Holtham, & Courtney, 1999). 

There has been some variation on this approach. Bates, for example described the perfect 30 

item search result (Marcia J. Bates, 1984), and there has been considerable work on 
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exploratory search, which is search with the aim of learning, rather than finding a single object 

(Kules et al., 2009; Marchionini, 2006). Fundamentally, though, this work has relied on the 

assumption that the information one seeks is well defined, and there for the taking if only one 

can generate the right query terms. 

Of course, search is not failsafe. It relies on information seekers recognising that they have an 

information need (not something that always happens (Alzougool, Chang, & Gray, 2008, 

2013)), and being able to articulate it (quite difficult, actually (Borgman, 1996; Gerwe & Viles, 

2000)). In the past, if information seekers were struggling to generate queries, they could—

and would—seek help from reference librarians (Crabtree, Twidale, O'Brien, & Nichols, 1997; 

Nordlie, 1999; Numminen & Vakkari, 2009). Nowadays, anyone can Google and get something 

even if it isn’t the right result (Khoo & Hall, 2012; Ponsford & vanDuinkerken, 2007). Equally, 

reference librarians are not available at midnight (or 3am) when work or study deadlines, 

insomnia that requires something to read, or health anxiety strikes. 

More than anything, though, a query response approach to information systems and seeking 

relies on information seekers needing only one or a small number of items, and on relevance 

ranking meeting their needs. We know that many information experiences and activities, for 

instance serendipity, creative problem solving, and browsing rely on seeking a wide range of 

information objects and types (Marcia J Bates, 1989, 2007; Foster & Ford, 2003; Luckenbach, 

1986; Makri & Blandford, 2012a, 2012b; Makri et al., 2014; Runco, 2010). Equally, we know 

that even for a single information seeker, what is most relevant to their needs will change 

even during a single information seeking session, dependent on how much information they 

want, how overloaded they are feeling, the information they already have, and the refinement 

of their information needs (Marchionini, 1997). 

2.5 INFORMATION RETRIEVAL AND INFORMATION SEEKING 
Information retrieval specialists are aware of some of the problems of relying on relevance 

ranked search to meet all information needs, and have been at since at least 2002 when 

Broder identified three user approaches to search (Broder, 2002). Exploratory search has been 

posited as one approach to moving away from precision as the defining characteristic of search 

results; exploratory searchers are learning, rather than answering a question, and are expected 

to access more than a single result. Marchionini wrote the seminal work on exploratory search, 

but even he cautions against it being seen as a replacement for browsing (Marchionini, 2006). 

His caution comes from the fact that exploratory search has relatively clear goals—to learn 

about a given topic—and is still query dependent. Scholars in Information retrieval have also 

recently introduced metrics of novelty and diversity (Clarke et al., 2008), which might seem 

promising for broader information needs. These features are, however, narrowly defined—

they represent the avoidance of redundant search results, and the resolution of term 

ambiguity, respectively—and still apply only to search results (Clarke et al., 2008). As noted 

above, browsing scholar Marcia Bates counselled against the idea of the perfect 30 item search 

result set in the 1980s, noting that it would be too narrow to really offer information seekers 

the chance to fully explore (Marcia J. Bates, 1984). 

Information retrieval as a discipline has contributed substantially to the ways in which we 

access information; Google began as a research project (Page, Brin, Motwani, & Winograd, 

1999), and it is now a verb. There are two possible reasons for search dominance in terms of 

research system development: the first is precision and recall, the clear metrics that allow 

researchers to show clear gains over previous efforts (Baeza-Yates & Ribeiro-Neto, 1999)—
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however marginal these gains might be to the experience of information seekers (Zobel, 2018). 

The second issue mooted in the literature is that information behaviour research—such as 

investigating browsing—is done by non-technologists, and therefore never results in system 

development (Fidel, 2012). Search is a highly effective tool when used to meet well defined 

information needs, but not all information needs are well-defined. The challenges of search 

have long been recognised by scholars in information retrieval; Saracevic questioned in 1996 

what the world would look like if uncertainty, rather than relevance was the driving factor in 

search (Saracevic, 1996). Search tools have evolved from their earliest incarnations to offer 

users more support—in the form of recommended search terms, spelling correction and 

faceted searching (Sadeh, 2007; Yee, Swearingen, Li, & Hearst, 2003). Even so, though, they 

are still search tools, and an uncertain user is still faced with a blank search box that they may 

not know how to fill (Gerwe & Viles, 2000). To meet the needs of all information seekers, we 

need a new approach to information interfaces—one that takes account of more than just 

search as a behaviour. This thesis begins that work by investigating online support for 

browsing. 

Insisting that browsing matters in an age where everything is searchable may seem the 

preserve of luddites, anachronistic and backwards looking. Information seekers themselves, 

though, have noted as recently as 2013 that browsing is part of their information seeking 

processes (Kleiner et al., 2013). The utility of browsing is the tip of an iceberg in terms of its 

importance, which lies not just in user preference but in the way human beings approach 

information problems and the distribution of cognitive load (Marchionini, 1997). The 

continued importance of browsing as an information seeking strategy is elaborated below. 

2.6 WHY DOES BROWSING (STILL) MATTER? 
We live in a world where information, and the ways in which we access it, have changed 

dramatically and quickly. Until relatively recently, we would go to the video store to find new 

favourite movies, to the library for books, and to the music store for music. itunes moved 

music online, Netflix did the same for videos, and Amazon has made a change to how we 

access books. Even in libraries books are moving online; 90% of the average book collection in 

academic in an Australian academic library is ebooks1, and in the United Kingdom the 

proportion of books held as ebooks doubled in the four years to 20142.  

To understand why browsing matters, we must first address why search is not the universal 

solution we perceive it to be. There are two major challenges in this space: precision and the 

cognitive demands of query formulation. 

We noted above that search has been engineered for precision; presenting the fewest and 

most accurate search results to end users. While this is an excellent strategy for meeting 

clearly defined information needs, it is ineffective for loosely defined or complex needs 

(Marchionini, 1997). It is further poor for serendipity—the experience of unexpectedly finding 

useful information (Makri et al., 2014). Information seekers enjoy serendipity, and it is often 

linked with browsing in studies of libraries (Foster & Ford, 2003; Makri et al., 2007). It is 

possible though, that the development of a new type of search interface could address these 

                                                           
1 http://www.caul.edu.au/caul-programs/caul-statistics/statistics-summary-current 

2 https://www.sconul.ac.uk/sites/default/files/documents/Analysis%20_Loans%20ebooks%20visits%20J

une%202015.pdf 
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issues, and search could remain the dominant paradigm online. This strategy, though, would 

not solve the major challenge of search for users: query formulation. 

It has been noted repeatedly that query formulation is difficult, particularly if the search 

interface is complex, user needs are loosely defined (or not defined at all) or if the information 

problem is complex (Belkin, 2000; Belkin et al., 1982; Borgman, 1996; Cove & Walsh, 1988; 

Gerwe & Viles, 2000; Marchionini, 1997). Even in relatively straightforward search, 

constructing a query imposes a heavy cognitive load. This is because—as Borgman so aptly 

pointed out—information retrieval is difficult because it requires describing information one 

does not yet have (Borgman, 1996). In contrast browsing relies on recognition, rather than 

specification (Marchionini, 1997). 

The reason that search is an incomplete approach to information seeking is that it is only part 

of the human information seeking process. The major models of information seeking all 

include search, however it is late in the process, after understanding a collection and refining 

an information need (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997). They also include 

browsing (termed exploration in Kuhlthau’s model). Browsing in these models is used for 

meeting imprecisely defined information needs, for refining information needs, and for 

collection understanding. Further, in Kuhlthau’s model, and Marchioni’s model—both of which 

are procedural—browsing and search are cyclically linked; with searches leading to browsing 

and back again (Kuhlthau, 1991; Marchionini, 1997). Ultimately, studies of human information 

seeking behaviour have noted that—while search and browse are related—they are 

complementary information seeking strategies. Turning to models that are more specific, 

Foster examined information seeking in the context of serendipity, and his model notes that 

browsing is a key element of serendipity support (Foster & Ford, 2003). McKenzie’s model of 

social information seeking has a phase called scanning, described as deliberately seeking 

situations where useful information might be encountered—a behaviour analogous to 

browsing in the other models (McKenzie, 2003). The majority of these models, while they have 

mentioned something like browsing, have treated it as a black box—it is something that an 

information seeker does, and that we don’t really understand. Bates berrypicking model is one 

model that attempts to unpack browsing by looking at existing models, but many of the things 

she describes as less-directed (for example subject searching or author searching) are still 

underpinned by search (Marcia J Bates, 1989). She describes area scanning in a library as 

another strategy, but does not detail how this is effective or why information seekers do it. 

She uses these less directed information needs as a means to argue for supporting browsing in 

online systems, but again does not define what the behaviours are that such a system must 

support, or what it might look like.  

The key messages from these models are that browsing is important for imprecisely defined 

information needs, for collection understanding and for serendipity—and that in these 

features browsing is distinct from search. Each of the models also notes that browsing is poorly 

supported online, but none describe what browsing is or how to support it. The take home 

message is that browsing is a key part of the human information seeking process, and one that 

is not well supported by a search box and results list.  

Information seekers themselves understand that they need browsingthe final, and—from the 

perspective of human computer interaction—most important reason that browsing matters is 

because users like physical browsing, and they feel browsing as a strategy is poorly supported 

online (Blandford et al., 2006; Hinze et al., 2012; Makri et al., 2007; Stelmaszewska & 

Blandford, 2004). Study after study describes users browsing a range of information types and 
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sources—books, music, journal articles; bookshops, libraries and music stores (Buchanan & 

McKay, 2011; S. J. Cunningham & Nichols, 2009; S. J. Cunningham, Reeves, & Britland, 2003; 

Rowlands & Nicholas, 2008; Tenopir, King, Edwards, & Wu, 2009). Users with a clear 

understanding of information systems actively understand that browsing is useful, and will 

seek out (for example) library shelves to do so. Reasons given for the use of browsing include 

not knowing what to search for, the desire to experience serendipity, and the desire to see 

what else might be on offer. Some information seekers value browsing so highly that they 

avoid the use of (more convenient (Li, Poe, Potter, Quigley, & Wilson, 2011)) ebooks so that 

they have the opportunity to browse the shelves (Hinze et al., 2012; Makri et al., 2007). 

Not only do information seekers like browsing, there is some evidence that they use it as an 

information seeking strategy. Beaulieu showed in 1993 that half of all library users who 

identified one book using search identified and borrowed one or more further books when 

browsing the shelves. (Hancock-Beaulieu, 1993b). This work was echoed by Losee’s analysis of 

small proportions of borrowing records from the same year: he demonstrated that books near 

each other on the shelves are likely to be borrowed together (Losee, 1993). While these 

studies both report on a time before the internet, in a 2013 survey of German library users half 

of all respondents reported using browsing as part of their library information seeking strategy 

(Kleiner et al., 2013). This is, however, the only recent study that describes the frequency of 

browsing, and we know that self-report is an unreliable measure of behaviour (Rogers et al., 

2007). One key question in this thesis, then, is whether browsing actually affects what items 

information seekers select, or whether the experience of browsing is important but it 

ultimately doesn’t affect the outcomes of an information seeking process. 

Browsing is important because search cannot meet all information needs, it is understudied 

and poorly supported online, and information seekers really value it highly. In the next section, 

we will address what steps have been taken to support browsing online. 

2.7 BROWSING IN A DIGITAL AGE 
While we have many accounts of physical browsing, it has been noted repeatedly that online 

browsing is undersupported and undertheorised (Apted & Choo, 1971; Marcia J Bates, 2007; 

Marchionini, 1997; Rowlands, Nicholas, Jamali, & Huntington, 2007). Despite this critique 

being levelled since the early 1970s, browsing is still so poorly supported that many 

commentators have expressed concern or outright lament at what it means to lose the 

opportunities for serendipity and browsing that physical environments offer in an age of digital 

information (Carr, 2015; Cooksey, 2004; Mann, 2008; Martin, Greenspan, & Quan-Haase, 2017; 

Megarrity, 2010; Whitelaw, 2015). We have still not seen the widespread development or 

uptake of browsing systems. 

Ebooks are a key unit of online information and the most direct analogue of the physical books 

that have been so heavily studied in libraries. Their increased uptake is evident in libraries and 

bookshops (Hamblen, 2011; Rowlands et al., 2007). While ebooks are convenient to access, 

there are two main problems with them from the perspective of a user. 

The first challenge is reading, which has been shown repeatedly to not offer the same 

experience as physical reading, and to offer an experience considered inferior by most readers. 

Annotation, navigation within a book, and placeholding are frequently mentioned (Malama, 

Landoni, & Wilson, 2004; Marshall, 2010; Shelburne, 2009). The second challenge, which is far 

more relevant to this thesis, though, is the fact that digital browsing between ebooks is poor. 

Information seekers recognise the convenience of ebooks (Li et al., 2011; McKay, 2011; 
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Rowlands et al., 2007),and they recognise that in physical browsing, books may be missing or 

checked out (Blandford et al., 2006). Even so, the experience of browsing has been cited as a 

reason not to use ebooks (Hinze et al., 2012; Makri et al., 2007). 

A number of interfaces have been proposed to support online browsing, these include search 

results pages, recommender systems, and bespoke systems designed for interactions other 

than search. 

Despite their ubiquity, search results pages are not an effective information interface for 

browsing—they do not offer enough items to be a ‘large and interesting’ scene. Whitelaw 

describes forcing users to use search to access digital collections as being like forcing them to 

examine a museum collection 10 items at a time on a trolley in a featureless room (Whitelaw, 

2015). Equally, search results require information seekers to come up with a query, which for 

loosely defined information needs can be very difficult (Belkin et al., 1982). The latter 

problem—generating a query—also applies to faceted searching, which has been described as 

a means to allow searchers to browse results more effectively (Kules et al., 2009). 

Another approach to information that is often proposed to meet the needs of browsers is 

recommender systems. Such systems work best when they present items that information 

seekers did not know, but again they require information seekers to generate an example item 

or query (Herlocker, Konstan, Terveen, & Riedl, 2004; Knijnenburg et al., 2012; Toms & McCay-

Peet, 2009). 

In recent times there has been a rash of development of information interfaces for browsing 

and exploration online. BookFish allows information seekers to use sliders to specify a loose 

information need (Pearce & Chang, 2014). The Bohemian Bookshelf is designed specifically to 

facilitate online serendipity (Thudt et al., 2012), and the Blended Bookshelf was created to 

replace and enhance physical browsing after the closure of a library (Kleiner et al., 2013). 

While each of these systems have been designed with browsing and exploration in mind, none 

of them have been designed with the deep and principled understanding of browsing that—for 

example—underpinned Pearson’s groundbreaking work that improved digital reading 

(Pearson, Buchanan, & Thimbleby, 2010; Pearson, Buchanan, Thimbleby, & Jones, 2012; 

Pearson, Owen, Thimbleby, & Buchanan, 2012). 

Virtual reality representations might seem an obvious solution to the problem of digital 

browsing. Indeed, there has been extensive work in this area, for example (Cocciolo, 2010; 

Jervis & Masoodian, 2013), up to and including understanding how information seekers 

remove the books from shelves to better support VR representations of library interactions (S. 

J. Cunningham, Rogers, & Kim, 2017). Replicating the physical shelves, though, replicates their 

limitations, such as the distant shelving of topically related books and the inconvenience of 

high and low shelves (Hinze et al., 2012; Losee, 1993; Reutzel & Gali, 1998). Marchionini has 

pointed out that digital browsing done well could ameliorate these problems and make digital 

browsing in at least some ways superior to its physical counterpart (Marchionini, 1997). Thus 

far, though virtual reality browsing has been demonstrated to be a poor substitute for its 

physical counterpart (Almeida et al., 2006). 

It is an open question, then, what effective digital browsing would look like, and this question 

is driven by understanding what browsing actually is. 
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2.8 RESEARCH QUESTIONS 
Given the dramatic move of information online, the profound unsuitability of modern search 

interfaces for browsing, and users’ needs and desires for browsing, the question of how best 

to support browsing online is more pressing than ever before.  

Overall, browsing has been repeatedly noted to be undersupported online, and 

undertheorised relative to other information behaviours. This thesis addresses these gaps in 

our knowledge with a view to both understanding browsing better generally, and supporting it 

online. 

We know that information seekers claim to value browsing, and that in the past it has affected 

what information they select and acquire. User self-report is all we have to suggest that 

browsing is still a driving factor in information seeking—and while it seems likely this is 

accurate given the major models of information seeking—self report is not a reliable measure 

of behaviour, especially when it comes to quantifying it (Rogers et al., 2007). This leaves us 

with a twofold question: does browsing affect the information that is selected by information 

seekers, and if so, how much? This thesis addresses this question using a quantitative, 

scientific approach. 

There have been many studies of information seeking that address the process of browsing, 

browsing behaviours, the strategies that information seekers use while browsing and their 

motivations. None have brought all of these questions to bear in a single study, though to ask 

what is the nature of physical browsing by adults?  What behaviours and strategies do adults 

use while browsing? These questions are valuable research questions in their own right. 

Answering them will unpack the black box that browsing represents in the major information 

seeking models. They are also, however, a useful guide for understanding how to support 

browsing online, since there are not yet browsing systems with the widespread uptake and 

approbation of Google. 

Finally, there is the question of what the requirements of online browsing are, and why the 

systems we have are not meeting them. Information seekers want online browsing, but what 

would good online browsing look like? I use a typical human computer interaction 

requirements analysis approach to generate a list of requirements—which may, as pointed out 

by Wilson, be the key element of designing any good information system. These requirements 

are then compared against existing browsing systems to determine which of them are 

undersupported and may prove key in the support of online browsing. 
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3. RESEARCH DESIGN 
This section will detail the approach taken to understanding shelf browsing; how it interacts 

with the information readers access, what readers are actually doing when they browse, how 

it might be supported online, and why the current systems we have aren’t working. One 

common complaint about information behaviour work, which is mostly quantitative, is that it 

has little effect on information systems. In contrast, the quantitative work of information 

retrieval specialist is resulting in only marginal gains for users at this point (Fidel, 2012; Zobel, 

2018).  

To address the limitations of both qualitative and quantitative work, this thesis presents mixed 

methods research. The work begins with a precise, quantitative and scientific approach to a 

quantifiable question: does physical shelf co-location affect the what materials are borrowed 

(and is there any evidence that this is down to browsing). Given an affirmative answer to this 

question, the work moves into a qualitative and exploratory examination of the nature of 

browsing as an activity. This part of the work is intended to develop a nuanced understanding 

of browsing as a behaviour, and the intentions and reader understandings that underpin it. 

Finally, in a standard interaction design approach, user requirements are derived from this in-

depth understanding and compared to existing browsing systems. 

3.1 HOW MUCH DOES BROWSING AFFECT INFORMATION SELECTION? 
As mentioned in the literature review there is considerable evidence that browsing matters to 

readers, but little attempt has been made to measure this impact. We know that often 

participants misreport their own behaviour, out of misremembering, misunderstanding or 

simple politeness. Given this possibility, ensuring that reader reports of browsing affect actual 

behaviour is important, but how might we do this? 

Log analysis has long been used in both libraries and information science to measure 

information seeker behaviour (Hancock-Beaulieu, 1993a; Jansen, 2006; Lau & Goh, 2006; 

Nicholas, Huntington, Jamali, & Tenopir, 2006): the traces left behind in logs show actual 

behaviour, rather than demonstrating what information seekers think they do, or what they 

believe researchers or investigators want them to do. While search logs have been a staple of 

library behaviour measurement since the introduction of OPACs, circulation logs have been 

analysed for considerably longer (Hancock-Beaulieu, 1993a). The reasons for this have 

primarily been around demonstrating the value of a library to its users, even where loans for 

individual items decrease over time, e.g. (Burrell, 1985; Parker & Paisley, 1965). In this vein 

later work compared the circulation of print and electronic books to understand whether 

ebooks were acceptable (Littman & Connaway, 2004). 

Only two circulation log analyses have attempted to identify the impact of shelf arrangements 

on readers. The first, from 1993 examined the habits of a small number of users, and the 

circulation of a small number of books to determine whether there was any impact of shelf 

location on browsing activity (Losee, 1993). This study found that readers were browsing, and 

argued for more supportive shelf arrangements. 

The second examined the impact of rearranging fiction shelves on borrowing and user 

satisfaction, specifically the shelves were arranged to reflect genre. The rearrangement did not 

significantly change the number of books borrowed overall, but did increase browsing and user 

satisfaction (Saarti, 1997). 
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Thus there is some small precedent for using log analysis to identify and quantify browsing, but 

this has not been done at a large scale prior to the work presented in this thesis. The work 

presented here used two data sets to investigate the presence (or absence) of evidence for 

browsing in circulation data: the first is a very large publically available data set from the OCLC, 

representing circulation records from the OhioLink libraries for 2007 and 2008. The second set 

was accessed via the library where the author was working at the time of the study, rather 

than being completely anonymous and stripped of all user data, this set was pseudonymous; 

having unique user IDs but not any identifying data. The second set was used to answer some 

questions raised by the first set that could not be answered with anonymous data. 

3.1.1 THE OCLC DATA SET 
The OhioLink circulation data set comprises circulation data for the 74 members of the 

OhioLink consortium.  

The full data set is in two files: a circulation data file that for each monograph records the 

Ohiolink unique identifier as a simple integer string, which institution, library, and campus the 

item was from, when it was added to the collection, whether it is presently part of the lending 

collection, and—most importantly for this study—the most recent date on which it was 

borrowed. This file does not record whether a loan is a ‘new’ loan (i.e. whether someone 

checked the book physically out of the library) or whether it was a renewal; it also doesn’t 

record loan history. The other data file is the MARC file, a file of machine-readable catalogue 

data. For each item the data includes the unique identifier in a different format to the 

circulation file and all bibliographic data, e.g. title, author, date of publication. This data also 

stores classification information, though this information can be stored in a variety of places 

within a MARC record. These files represent over 6 million items, and nearly 3 million 

circulations. 

As the data was so large, a sample set of institutions was developed. We know from the 

literature that those who read frequently are more likely to be comfortable using libraries (Jiao 

& Onwuegbuzie, 2003), so I used SAT reading entrance scores to select libraries whose users 

were most likely to be comfortable. Classification scheme was also an issue: some US libraries 

use Dewey, some use Library of Congress. Each library’s catalogue was searched for ‘The Holy 

Bible’ and ‘The Complete Works of Shakespeare’ to identify which classification scheme was 

being used, and three libraries of each type were identified. One of these libraries was found 

during data processing to be using both classification schemes within a single floorplan. 

DATA PROCESSING: CREATING A SAMPLE SET 

All data processing was done in Perl. The first step of data processing was to select circulation 

records only from the main campus libraries of our sample institutions, generating a circulation 

file for each of these libraries. These files were then matched to MARC data to generate for 

each library a file that represented every item held by the library and available for loan. It was 

during this matching process that I discovered one library used two classification schemes—a 

significant proportion of the items did not get a classification number when processed looking 

for a Dewey number; the remaining items had a Library of Congress number. For the purposes 

of this research these two classification sets were treated as separate libraries.  

Each item in a library file included the classification or call number of the item, the title, the 

unique identifier and the final circulation date. Finally, these files were sorted by classification 

number into the order in which they would appear on the shelves. 
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This process resulted in a shelf-sorted set of seven sample libraries. 

DOES BROWSING AFFECT BORROWING? 

One simple way to determine whether browsing affects borrowing is to determine whether 

books near each other on the shelves are borrowed at the same time, preferably by the same 

person. The limitations of circulation data make this level of detail impossible to check: for 

each book only the most recent loan is recorded, and no user data is recorded. To work around 

this limitation two tests were devised: a matched sets test, and a final day test. Each test 

examined the five books either side of an index book in shelf-sorted order: this number was 

chosen as representing two ‘jumps’ in Losee’s work (Losee, 1993), and a set of books that 

could reasonably be visualized in a single field of vision. 

In the matched sets test 2000 books from each library were selected at random, then checked 

to see whether any of the ten books in the ‘neighbour’ set (five either side) had been 

borrowed more recently than the index book. Any books with more recent neighbouring loans 

were replaced in the sample set. The number of loans in the 10-book neighbour sets was 

calculated on the day of the loan, and the previous day—the previous day was chosen as 

library processing times make it vanishingly unlikely that the index book could be borrowed on 

two consecutive days. The total number of neighbour loans on the day index books were 

borrowed and the day before was compared using a two-tailed chi-squared test with Yates 

correction. All libraries were found to demonstrate a statistically significant neighbour effect at 

p<0.0001. 

Because of the limitations to the matched sets test—we cannot absolutely guarantee that an 

index book was not loaned on two consecutive days, for example—a second test was used. 

This looked at the final day of data collection for all but two libraries, which had fewer than 20 

loans on the final day: for those libraries we used the penultimate day. The final day of data 

collection is the date on which no more recent loans can have overwritten the most recent 

loan data. In this test all books borrowed on the final date of data collection were tested to see 

how many books in the neighbouring set of ten were also borrowed on that date; the ratio of 

loans in this was compared to loan rates in 1000 randomly selected sets of 10 books, and again 

significance at p<0.0001 was found for all libraries. The limitation of this approach is that it 

could be heavily affected by local effects (e.g. an assignment being due the following day); 

hence the need for the first test, which is not subject to these effects. 

CRITIQUES OF THE NEIGHBOUR EFFECT 

In presenting the neighbour effect at a conference, and at three or four talks, a number of 

critiques and questions of the simple approach outlined above were raised. These included: 

1. That search might be as good an explanation as browsing for co-borrowing 
2. That the borrowing might be simply because the books were on the same topic, rather 

than because they were co-located 
3. Whether, like other forms of information seeking, the co-borrowing pattern changed 

based on day of the week (specifically weekdays as opposed to weekends) 
4. Whether the books above and below a target book were more likely to be borrowed 

on the same day 
The first question was answered by generating a simple index of terms in book titles, and 

comparing the number of co-borrowed books that appeared in a first-ten set of search results 

for any shared title terms with the number of books borrowed within the nearest ten set on a 

shelf.  
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The second question was investigated by examining the prevalence of co-borrowing near 

subject boundaries in a collection, so for example with Dewey the prevalence of co borrowing 

over a boundary from 739.99 to 740 or 799.9 to 800.0 was compared to within-class co-

borrowing. 

The third question was addressed by comparing both borrowing rates and co-borrowing rates 

on weekdays and weekends. 

The fourth question was answered by looking at co-borrowing rates in groups of ten books 

either side of an index book, and graphing them. If there was no effect of the books above and 

below, we would expect a simple decline across all the sets of ten. 

3.1.2 THE SWINBURNE DATA SET 
There were three further critiques of the work done with the OCLC data set. The first is that it 

was not based on individual user data, and so could not confirm that co-borrowing was done 

by a single user (and therefore represented browsing). The second is that in the OCLC data, 

renewals and loans are marked in the same way, meaning that it is entirely possible that what 

appeared to be browsing-driven co-borrowing could merely be renewals. The third criticism is 

that without ebook data it is impossible to know whether the same effects would appear for 

ebooks driven by topic relationships. 

To address these criticisms, a four-month term time sample of all physical loans at the main 

campus library of Swinburne University of Technology was compared with a set of loan data 

from one of the ebook providers used by the same university. This data was accessible because 

I was employed at Swinburne at the time; permission was sought from the library director to 

use the data in this way. 

The physical loans data at Swinburne was complete, rather than being circulation data—so it 

included every instance of borrowing, rather than just the most recent time an item was 

borrowed. The data clearly indicated the difference between a loan and a renewal, so 

renewals data was discarded. The data was time- as well as date-stamped, so loans borrowed 

at the same time could be clearly identified. Finally each loan had a unique, pseudonymous 

user identifier attached, so loans by a single user could be identified. The loans data (unlike the 

OCLC data) did not include books that had never been borrowed, so a library file of all available 

books was used to represent the collection: like the OCLC data this was sorted into shelf order. 

The ebook loans data used records for each ebook loan a unique identifier for the borrower 

unfortunately these IDs could not be mapped to the IDs of the physical borrowers), a time and 

date borrowed, title and author information, how long the book was used for, and call number 

information. Like the physical collection, a separate file had to be consulted to create an ebook 

library in shelf-sorted order, to account for books that had never been borrowed. Ebooks often 

have more than one call number associated with them; for the purposes of this study each 

ebook appeared at every shelf location represented by its call numbers, unless the call 

numbers were simply more specific versions of one another (e.g. 359, 359.22, 359.22771). This 

gives ebooks the advantage they should have in the digital space: that of being able to appear 

whenever they need to in a hierarchy (Marchionini, 1997).  

There is a question of what it means to borrow an ebook; fortunately the ebook collection 

used as a data source at Swinburne has an explicit ‘borrow’ button for when a reader has been 

reading for more than ten minutes, or wants to print or copy ebook content. There is also the 

question, given reading on screen, of what it means to borrow ebooks together: for the 
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purposes of this study ebooks were deemed to be co-borrowed if the borrowing time of one 

was less than 30 minutes after the end time of the usage of the other. 

BROWSING AT SWINBURNE 

Both the Swinburne print and ebook collections were tested for the existence of the neighbour 

effect, though this was tested with individual users borrowing books at the same time. 

Weekdays and weekends were compared, as with the OCLC collection, and search was tested 

as a plausible reason for co-borrowing. The print books at Swinburne were demonstrated to 

have similar patterns to the OCLC collection, whereas the ebook collection showed very 

different usage: few co-borrowings generally, and those that existed best explained by search. 

The number of books each borrower borrowed during the study period was also calculated, as 

was whether those books were borrowed in a single visit to the library or over multiple visits. 

Statistically each user borrowed the same number of print and ebooks, but print books tended 

to be borrowed all at once, whereas ebooks were borrowed intermittently throughout the 

study period. 

3.1.3 SUMMARY 
This statistical work posed the question of whether the opportunity to browse the library 

shelves affects the information readers access. The answer is a clear and emphatic yes: not 

only do readers like browsing, they use it as an information seeking strategy. While this 

outcome may seem marginal and obvious, the presence of browsing in the physical library has 

not previously been demonstrated at this scale. Furthermore, the absence of similar behaviour 

in ebook collections has never been demonstrated. In the context of literature wherein 

readers repeatedly complain about the paucity of online browsing this represents a clear and 

urgent need for a better understanding of browsing behaviour, and the use of that 

understanding to underpin the design of online browsing systems. The following studies 

address these questions. 

3.2 WHAT IS THE NATURE OF PHYSICAL LIBRARY BROWSING? 
Log analysis is excellent for understanding precise behaviour, but cannot understand user 

motivations or nuanced behaviour that leaves no trace on the logs (Jones, Cunningham, & 

McNab, 1998). Qualitative methods are better suited to understanding complex and detailed 

behaviours (Neuman, 2006), so for questions on the nature of browsing this thesis turns to 

observation and interview, a common approach in information behaviour (S. Cunningham, 

Vanderschantz, Timpany, Hinze, & Buchanan, 2013; Makri, Blandford, & Cox, 2008; Makri et 

al., 2007; Stelmaszewska & Blandford, 2004; Waugh, McKay, & Makri, 2017). The findings from 

this study were triangulated with semi-structured interviews., again, a common approach 

(Buchanan, Cunningham, Blandford, Rimmer, & Warwick, 2005; Makri et al., 2014). 

3.2.1 THE LIBRARIES 
The choice of library naturally affects what the user population is, and what kinds of materials 

are being accessed and why. The physical layout of the library is likely to affect browsing 

behaviour (McKay & Conyers, 2010), so using a single library could result in some results that 

reflect workaround behaviours that are a result of local quirks. Two libraries were selected as 

study sites for this work: Swinburne University of Technology Library, and State Library of 

Victoria (SLV). Other work has used public libraries and fiction browsing as a study locus: it is 

possible—even likely—that such a change would produce different results in terms of the 

proportions of browsing strategies observed at least. It is clear from the literature that 

considerable browsing occurs in public library fiction collections (Mikkonen & Vakkari, 2012; 
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Ooi, 2008). The focus on academic and research libraries in this work, however, allows us to 

draw conclusions about the support needed for information work; while recreational reading is 

clearly important, it is simply not the focus of this work. 

SWINBURNE 

Swinburne was selected for reasons of access and convenience, I was employed there at the 

time this study began. Swinburne is a small, research active university with its main campus in 

the inner eastern suburbs of Melbourne, Australia. Observations and interviews all took place 

at the main campus library on weekdays during term time. The collection in this library is 

spread over three floors, in five physically separate areas. There are no special collections at 

this library. As is typical of an academic library, the collection is predominantly non-fiction. 

SLV 

SLV is a large public reference library located in central Melbourne. Access to this library was 

arranged through my professional contacts. This library has two main publically accessible 

book collections: the arts collection, in a small room and the main book collection, in a large 

room with a mezzanine around the edges. Books in this room are shelved in tall stacks around 

the edge of the ground level, and around the mezzanine which runs the circumference of the 

room. Like Swinburne, the collection is predominantly non-fiction. Unlike Swinburne, the 

books at SLV cannot be borrowed, only used in the library. 

3.2.2 OBSERVATIONS 
Observation-and-interview is a technique that has, as noted above, been used repeatedly to 

study information use, particularly in libraries (Blandford et al., 2006; S. Cunningham et al., 

2013; Hinze et al., 2012; Makri et al., 2007; Waugh et al., 2017). While many of these studies 

did observe readers using library shelves, none of them focused on browsing, nor did any of 

them observe the entire process of book seeking readers had planned for themselves. In the 

study presented in this thesis readers were approached as they neared the shelves and asked 

if they would consent to being observed. 31 of 32 putative participants consented. Participants 

were observed until they had selected their books, then briefly interviewed about what they 

had been looking for, whether they had searched before approaching the shelves, and 

whether they had found what they were looking for. During observations participants were 

questioned about any actions they took that could not be understood by observation alone. 

All data was collected on weekdays, and at Swinburne during term time. While weekday 

collection may reduce the amount of browsing observed (at least according to the log 

analyses), I was only available for data collection on weekdays.  

PARTICIPANTS 

15 observations were taken at Swinburne, 16 at SLV. 15 participants were male, 16 female. All 

participants were over the age of 18. 23 of the 31 participants were students; 14 at Swinburne 

and 9 at SLV. 

DATA CAPTURE 

Data was recorded using handwritten notes; these notes included (for each participant) how 

many books and shelves they looked at, how many books they examined, what actions they 

took, and details of the interviews. Following each observation a browsing story was written, 

much in the vein of Makri’s serendipity stories (Makri & Blandford, 2012b); these stories were 

used to capture the nuance and detail of browsing while it was still fresh. These browsing 

stories were used for data analysis. Data collection continued until  
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DATA ANALYSIS 

Data was analysed by two researchers using a grounded theory approach. The approach was 

not true grounded theory. The variance from the traditional approach is that data was 

collected prior to analysis due to the availability of the second researcher. The validity afforded 

by inter-rater agreement was deemed to be worth delaying analysis. 

Researchers reviewed the data and each came up with a classification scheme; these schemes 

were compared and refined. After refinement, researchers independently applied the 

classification to the data; one class was demonstrated to be difficult to apply, and was refined. 

Data was classified again; this time inter-rater agreement of over 80% was reached for each 

class. The classification scheme described both browsing behaviours, and overarching 

browsing strategies. 

3.2.3 INTERVIEWS 
After the observation data was analysed, the findings were triangulated by interviewing 

borrowers as they borrowed more than one book at a time. These interviews were semi-

structured; I asked about whether borrowers had searched, what their process had been for 

identifying the books they chose, whether they had found everything they were looking for, 

whether they were borrowing books they had not looked for, how many shelves they had 

examined, and how many books they had investigated but not kept. 

PARTICIPANTS 

Participants were approached as they used self-checkout machines. 16 participants were 

approached, 3 declined as they were on their way out of the library. 13 participants were 

interviewed at the Swinburne site; 11 students. No interviews were conducted at SLV, as books 

cannot be borrowed there.  

DATA CAPTURE 

Interviews were audio recorded, and later transcribed into browsing stories. Data gathering 

continued until saturation was reached. 

DATA ANALYSIS 

I reviewed data along with the second researcher; no new classes of behaviour or strategy 

were identified. Strategies were classified by researchers independently, and agreement of 

over 90% was reached. 

3.2.4 OUTCOMES 
This study resulted in two major outcomes: a typology of browsing behaviours, and a 

framework of overarching strategies. 

3.3 WHAT WOULD GOOD ONLINE BROWSING LOOK LIKE? 
There is some argument that information seeking is too complex to specify into a system 

(Wilson, 1999). Our current browsing systems, though, have not gained widespread uptake, 

and the most obvious solution (replicating the shelves) has already failed (Almeida et al., 

2006). Arguably the reason we have not yet seen the development of successful browsing 

systems is because not enough has been known about browsing: this is certainly supported by 

the ideas of prominent scholars in the field (Marchionini, 1997; Rowlands et al., 2007). 

Understanding physical behaviours and applying this understanding to digital design has been 

used in other information domains (Loizides & Buchanan, 2009; Marshall, 2010); it is the 

approach taken in this thesis. 
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In an attempt to design better browsing systems the understanding of browsing generated by 

the qualitative work described above was mined for system requirements; this is a standard 

approach in interaction design. This resulted in a list of 13 requirements. 

3.3.1 EXISTING BROWSING SYSTEMS 
The 13 requirements generated from the behavioural data were applied to a list of six systems. 

Three of these were systems that have been designed as research systems: BookFish (Pearce & 

Chang, 2014), the Bohemian Bookshelf (Thudt et al., 2012) and the Blended Bookshelf (Kleiner 

et al., 2013). These systems were chosen as they have been released in the past 7 years, and 

have been specifically designed for book browsing or exploration. The other three systems are 

systems that have been repeatedly mentioned in feedback and during seminars when I have 

discussed my work: search results lists, commercial next-on-shelf environments, and 

recommender systems, notably Amazon. I further considered faceted search results or 

scatter/gather (Hearst & Pedersen, 1996) web classification interfaces, but no-one made an 

argument that facets represented browsing, and there are no web clustering systems currently 

in use. 

Each system in the sample was compared to the list of requirements, and none met more than 

two thirds. Some requirements were consistently not met, which ultimately lends credence to 

the idea that some key browsing behaviours are not supported. 
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4. STUDY 1: THE STATISTICAL IMPACT OF BROWSING 
We know from the literature that browsing is a key part of the human information seeking 

process (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997), and that library users seem to find it 

valuable to their experience (Blandford et al., 2006; Makri et al., 2007; Stelmaszewska & 

Blandford, 2004). Whether this experiential value translates in to behavioural change, though, 

is open to question: what users value and what they do are not always the same thing (Rogers 

et al., 2007). 

Given the high value readers place on library shelf browsing, it is important to understand 

whether browsing is valuable but not really used, in which case allowing readers some 

semblance of browsing will meet their needs, or whether it is valuable and affects their 

behaviour, in which case full support for browsing as a behaviour is needed.  

Early studies have shown that browsing does affect users needs, however these are from 

around the time that OPACs were introduced (Hancock-Beaulieu, 1993b; Losee, 1993), and 

may not reflect user behaviour in a modern library with considerably more user friendly search 

systems. A more recent report on a survey again suggests that readers believe they browse, 

however this is again a self-report (Kleiner et al., 2013). This study aims to determine whether, 

in the modern library, browsing affects reader behaviour in terms of the books they borrow. 

This question is asked with the intention of understanding what steps might be next in a study 

of browsing: whether behaviour needs to be examined, or whether the reasons why reader 

feel browsing is so important are the bigger question. 

4.1 APPROACH 
This study used two datasets: A large publically available circulation data set from the OCLC, 

which was anonymous, and a smaller pair of user-tagged data sets (one of print book 

circulation, one of ebook circulation) from Swinburne University of Technology. 

The primary question asked in all parts of this study was whether if a book was borrowed on a 

certain date, those nearby to it on the physical or virtual shelves were more likely than the 

general collection to be borrowed on the same date. In the final component of this study, 

ebook borrowing patterns were compared to print borrowing patterns. 

4.2 PUBLICATIONS 
The contribution of these studies is spread across three papers, two using the OCLC data set 

and the final one using the Swinburne data set. Each of these built on critiques of the previous 

study. 

4.2.1 LEND ME SOME SUGAR: BORROWING RATES OF NEIGHBOURING BOOKS AS 

EVIDENCE FOR BROWSING 
There is a major flaw in circulation data when testing for browsing; it only records the most 

recent loan for each book, As such the first paper published as part of this study tested for 

browsing in two ways: by comparing sequential sets of ten books with and without a loaned 

book in the center of them on the final date of data collection (so the most recent circulation 

dates were accurate), and comparing sets of ten books with a loan at the center on the day the 

book was loaned, and the day before. For each set of ten, the number of books borrowed was 

counted, and the sets with and without central loans were compared. A clear and statistically 

significant effect was found in both tests: books within five books either side of a book that is 

borrowed are much more likely to be borrowed on the same day than books that are not near 
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a loaned book. The size of this effect is an order of magnitude in all libraries studied. Thus we 

can assume that books nearby to each other are likely to be borrowed together, but does this 

represent an impact of browsing on behaviour? 

4.2.2 TYRANNY OF DISTANCE: UNDERSTANDING ACADEMIC LIBRARY BROWSING BY 

REFINING THE NEIGHBOUR EFFECT 
A number of critiques and questions about the previous paper fed into this refinement; they 

included whether the books above and below a target book were also more likely to be 

borrowed, whether the effect could be accounted for by topicality, and whether (like other 

forms of information behaviour (Sanderson & Dumais, 2007)) it showed any variation based on 

day of the week. The OCLC data set was re-analysed to answer these questions. 

The question about search was addressed using an index generated from title data, and the 

distance from each other co-borrowed books would be in putative search results ranked using 

standard term frequency measures. Shelf co-location was found to be statistically significantly 

better at predicting co-borrowing than search. 

To determine whether there was evidence that the books above and below target books are 

also subject to the neighbour effect, books were grouped in tens based on distance from the 

target book. The number of books in each set borrowed on the same day was calculated; a 

slight increase was found at 60-70 books from the target book over the neighbouring sets 

when aggregated across books. This suggests that books above and below are more likely to be 

borrowed on the same day than the surrounding books too. 

The impact of topicality was checked using boundaries in the subject classifications: books are 

more likely to be borrowed together if they are within the same subject classification than not. 

Finally, and perhaps most interestingly both the number of loans and the size of the neighbour 

effect was calculated for a set of weekdays and compared to weekend. The number of loans 

overall is smaller at the weekends, but the neighbour effect is larger. This is particularly 

pertinent because it reflects a uniquely human construct: something in this behaviour is 

changing because the weekdays and weekends are different for the people doing the 

borrowing. Arguably co-borrowing goes up at weekends because readers have more time to 

browse. 

Taken together these refinements suggest that the effects identified in the first paper are 

conscious human behaviour rather than artefacts, pointing to the impact of browsing on 

borrowing patterns. 

4.2.3 DOWN THE SUPERHIGHWAY IN A SINGLE TOME: EXAMINING THE IMPACT OF BOOK 

FORMAT ON BORROWING INTERACTIONS 
This final study used a smaller data set to address the two main criticisms of the first two 

studies: they did not have individual user data, and ebooks might be borrowed in the same 

patterns (despite no facility for browsing). 

This data was examined to see whether the neighbour effect appeared the same in the print 

collection (including day of the week effects and browse dominance) when only co-borrowing 

by individual users was taken into account. These patterns were compared to ebook co-

borrowing. Firstly ebook co-borrowing was much rarer than print book co borrowing, and topic 

relationships as described by shelf classification were a much poorer explanation than search 
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where they appeared. Ebook loans went up on weekends instead of down, as we might 

expect—readers were not otherwise on campus, so the convenience of ebooks appealed. 

Finally, the data for each user was compared. In all, users borrowed about the same number of 

print and ebooks during the study period, however the print books tended to be borrowed all 

at once, and the ebooks were borrowed intermittently over the time. Potentially if ebooks 

could be browsed, thus combining browsing with convenience, it would increase the overall 

amount of information accessed by readers. 

4.3 SUMMARY 
Log analysis of borrowing records is used to demonstrate that books near each other on the 

shelves are likely to be borrowed together; this provides a strong argument that browsing 

affects what information is accessed. This effect is not explained by search, and shows variance 

at weekends, meaning it is likely to be down to human behaviour, rather than artefactual. 

When compared with ebook borrowing, the patterns are very different, indicating that the 

different affordances result in different interactions. It is possible that if ebook browsing 

existed, readers would access more information generally. What readers are doing when they 

browse and how it affects their experience cannot be answered by log analysis; this is 

addressed by the next study. 
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ABSTRACT 

There is more to choosing a book than simply keyword searching. 

Browsing is a fundamental part of the information seeking 

process, and one that information seekers profess to value, though 

it has attracted little study. This dearth of research is undoubtedly 

in part because browsing is nebulous and difficult to quantify. In 

this paper we use a large circulation dataset from an academic 

library consortium to examine whether books in the library stacks 

are loaned in clusters, with a view firstly to confirming the 

existence of book browsing that has been reported anecdotally, 

and secondly to quantifying its impact on loan patterns.  

Categories and Subject Descriptors 

H.5.m Information interfaces and presentation (e.g. HCI) 

miscellaneous  

H3.7. Digital Libraries: User issues; 

General Terms 

Design, Human Factors 

Keywords 

Libraries, digital libraries, classification systems, books, 

browsing, information seeking, log analysis 

1. INTRODUCTION 
Rowlands et al noted a surprising dearth of literature on book 

selection in 2007, an observation that remains largely true today 

[1]. What does it mean, though, to select a book? At the very least 

it must mean there are alternatives between which a reader can 

choose, many of which may meet that reader’s needs. What we do 

not understand are the cognitive and environmental factors 

underpinning the selection of any specific book or books from 

among a range of available material—for example in a library. 

We know from the literature on information seeking that 

browsing, serendipity, or being “open to new information” [2-4] 

are a natural part of the human information seeking process; we 

also know that this part of the process is poorly supported online 

[5]. For those readers who have clear criteria (for example the 

latest Booker Prize winner, or their university textbook) provided 

they have enough information [6] and the right vocabulary to 

search, finding what they need is simple [7]. For users with less 

well-defined information needs, though, the task is vastly more 

difficult [8]. 

Information seekers have repeatedly demonstrated an appreciation 

of physical space for browsing: this is true of music shopping [9], 

book shopping [6] and in libraries [10-13]. Work in this area has 

identified a range of benefits offered by physical space that are 

not commonly available in digital interfaces. Firstly, physical 

space allows users to begin their exploration without identifying 

any search terms (a task that may well be difficult [14]), or 

interacting with a search system (e.g. a catalogue [7]) that in all 

likelihood is unusable to them. Secondly, physical space allows 

users to switch back and forth between a close view (for example 

examining an index) to a broad view (looking at the other books 

on the shelf) very readily, a pattern of interaction that appears key 

to the book browsing experience [12].  

We know browsing is important: it is a key part of information 

seeking behaviour [2], and maybe of intellectual endeavour [15]. 

Users like to do browse [10] and bemoan the lack of opportunity 

to do so online [11, 12, 16]. Given the recent explosion in ebook 

use [17], understanding browsing behaviour and its usefulness is 

more important now than ever. A good understanding of browsing 

is necessary to create good information seeking systems for 

ebooks; especially given that readers cite the lack of browsing 

opportunities such as those provided by library shelves as a reason 

to avoid ebooks [12]. 

Why, given its importance, is there so little literature on browsing 

behaviour? We recognise that there are a handful of studies of 

online browsing systems (for example [8, 18, 19]), and that some 

studies have investigated behaviour at the library shelves (for 

example [12, 20]), but there is nothing that attempts to measure or 

quantify browsing. This dearth is possibly because quantifying 

serendipity is so difficult [21], and the success of any browsing 

system is necessarily hard to measure. 

This paper uses a large data set recently released by the OCLC3 

(Online Computer Library Center) to attempt to quantify the 

browsing that occurs among the library shelves. By examining the 

dates on which books were checked out and their location on the 

shelf, any spatio-temporal clustering of loans should become 

apparent. Clustering of this kind can be assumed to be browsing, 

given both the repeated user reports of its value [10-13, 16, 22, 

23] and early studies observing its frequency [24, 25]. We discuss 

this further in Section 2.5. 

There is a history in digital library research of using user 

behaviour in physical libraries to inform digital design, for 

example [9, 26]. Given that library shelves are far from bastions 

of usability [27] and cannot be rearranged to meet users’ needs, 

any evidence of browsing in a physical library environment 

should be taken as strong evidence to support the development of 

effective mechanisms for online book browsing. 

                                                           
3 http://www.oclc.org/research/activities/ohiolink/circulati

on.html?urlm=159699 
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The remainder of this paper is broken up into five sections: the 

literature background for this work, the methodology used to 

quantify browsing, the results of this study, a discussion of those 

results, and conclusions and future work. 

2. BACKGROUND 
To talk about browsing, we must first define it: a definition 

grounded in browsing literature is presented in Section 2.1. 

Section 2.2 describes how this behaviour fits into the human 

information seeking process; Section 2.3 looks at what we know 

about information seeking in libraries; Section 2.4 examines what 

we already know about book selection practices, and Section 2.5 

makes the case for clustering of loans representing browsing. 

2.1 On Browsing 
Browsing can be described as undirected information seeking 

allowing for serendipitous discovery of useful resources [15]. 

Perhaps the seminal work on browsing in Information Retrieval 

(IR) is Bates 1993 paper [28], which discusses a ‘berrypicking’ 

model of information retrieval, in which both users’ thinking and 

search behaviour are influenced by the documents they encounter 

as part of the process. She notes that online browsing is key to 

facilitating this interaction between seekers and information. 

Bates furthered this work with a literature-based definition of 

browsing in 2007, where she noted that browsing includes visual 

glimpsing of ‘a scene’, noting items of interest, honing in on them 

and evaluating them. If more than one item was identified, in her 

model they are evaluated sequentially [29]. 

Despite the need for online browsing being noted in 1993, there is 

a dearth of work in this field. A 2004 paper presents three 

approaches in Greenstone digital library software, though none of 

the systems presented was more than proof of concept [18]. More 

recently Pearce et al. have developed an ‘exploration engine’ [8] 

and found information seekers to be very successful with it when 

performing browsing-suited information tasks. In the past two 

years two systems have been developed to facilitate browsing 

books in libraries [23, 30]. These systems present books in a range 

of ways, including a shelf-like display, groups by size or colour, 

but testing (while looking initially positive) has been limited. 

Some might argue that search result presentations facilitate 

information seekers’ browsing, but we know the vast majority of 

users view only ten search results [31] on a page, or one or two 

results in any depth [32]. These small numbers are hardly the 

openness to serendipitous discovery described above as being part 

of browsing. Similarly online recommender systems such as 

Amazon’s ‘customers who bought ... also bought’ feature may be 

considered browsing, however these systems require prior 

knowledge of the user’s purchasing habits or priming with ratings 

[21], thus not allowing the full scope of browsing offered by the 

library shelves (moreover shelf browsing is still more popular 

among many user groups [21]). 

2.2 Human Information Seeking Behaviour 
There are a number of models of human information seeking 

behaviour, with the two most fundamental perhaps being 

Marchionini [3] and Kuhlthau [2]. These models are both broadly 

linear, and include discovering an information need, formulating a 

question, posing a question, examining the answers, refining the 

question, synthesizing the answers and deeming the need met. In 

both models browsing appears as a key component used for 

refining information needs or corpus understanding. In both 

models browsing is closely interleaved with search, indeed 

information seekers move between the two seamlessly. 

The classical models of information seeking behaviour, though, 

do not take into account either the social dimensions of 

information seeking, nor the serendipitous discovery of 

information the user did not know they wanted or needed. 

Contrast these with McKenzie’s [4] model, which is rooted in the 

social information seeking often seen in observational or 

ethnographic studies (for example [33-36]) shows information 

seekers “putting themselves in the way” of information, whether 

intentionally or not. 

Taken together, these exploratory behaviours—putting oneself in 

the way of information and examining information in the 

environment—constitute exploration or browsing. Online 

facilities for browsing were noted to be largely absent and poor at 

best in 1993 [28]; this problem still exists today [5]. 

Contrast the online environment with the physical environment, 

where users report browsing in a range of information seeking 

tasks: music shopping [9], book shopping [6] and visiting public 

[36] and academic [10] libraries to name a few. 

2.3 Information Seeking in Libraries 
Information seekers’ interactions with libraries can be taken as 

interactions with complex information systems [15, 16]. These 

systems are made up of people (staff and other library users) 

technology (including catalogue and search systems), information 

(including but not limited to books) and the physical environment 

(the layout of space and the shelves). 

Interactions with library technology are well-studied; transaction 

log analyses of catalogues abound (see for example [37-39]). 

These analyses typically find catalogues wanting, as do usability 

studies [7, 40, 41]. Lack of browsing capacity is a frequently 

mentioned drawback [11, 16], as are opaque query formulation 

mechanisms [7] and poor user interfaces [42]. Beaulieu noted that 

catalogues support browsing poorly, but that information seekers 

were more successful when they began with browsing, perhaps 

suggesting one of the major flaws in these systems [32]. 

Interactions with library staff often occur as a result of or in place 

of failed interactions with other parts of the library system; users 

speak to staff when they are having problems with the shelves or 

catalogue [27, 43], or simply do not know where to start [44]. 

There have been a number of studies of users’ interactions with 

library staff (see for example [34, 44, 45]); these interactions are 

especially useful to users who have complex information needs, or 

who have reached the limits of their library understanding 

Library shelves are carefully designed to encourage serendipity 

[15, 46], indeed Svenonius notes, they are unusual because 

document addresses (i.e. call numbers) contain information about 

the semantic content of the document [47]; as we shall see below, 

readers find this valuable for browsing. Shelf browsing is an 

example of McKenzie’s ‘putting oneself in the way of useful 

information’ [4] activity (also seen in work on serendipity [15, 16, 

48-50]). This paper attempts to address how successful that 

arrangement is in affecting borrowing behaviour using circulation 

data. 

Given what we know about how users interact with the 

component parts of a library system, how do they go about 

choosing books? 

.24 Book Selection Literature 
Little work has addressed book selection in any environment 

beyond shelf location, however it is clear that search is not the 

whole answer to choosing books. A 2008 study by Rowlands and 

Nicholas shows academic library users employing a range of book 
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selection strategies, from internet searching through library 

searching and browsing, to asking a friend [51]. A study of 

queries asked in bookshops in the UK [6] demonstrates that 

shoppers often lacked even the most basic vocabulary to describe 

their needs in a way an information system could interpret. A 

study done across a number of libraries in New Zealand and 

Germany [12] showed users interacting with books in a 

lightweight way during their decision making process—exploring 

more deeply as they discovered interesting things without losing 

context. This backgrounding of context is not readily available 

online, yet this behaviour directly reflects the close intertwining of 

search and exploration seen in the classical information seeking 

models and Bates’ definition of browsing [29]. A further study 

identifies social elements to book selection that are well supported 

by physical shelves [52]. There has been a single attempt to 

emulate shelves online [19], but it was directed at children and did 

not provide the context-rich experience browsing in a physical 

space offers. Even this limited approach, though, was enjoyed by 

children and made them more effective information seekers. 

Part of book selection, as alluded to above, is examining 

individual books more closely—browsing within. Work on 

within-book browsing has shown us that within books the cover, 

index and table of contents are relevant for decision making [53-

56], and that users appreciate a naturalistic experience when 

selecting among online books [57]. The simplicity of examining a 

book in print is part of what facilitates good browsing—it is easy 

to move on to the next thing of interest. 

Physical spaces appear to be much better suited to browsing—the 

serendipitous discovery of information in a semi-directed way—

than any online systems created thus far [16, 50]. This finding is 

borne out in the literature, at least for some user groups [16, 51]. 

This appears to be because physical co-location creates context 

and allows information seekers to put themselves in the way of 

useful information [49, 50]; certainly information seekers believe 

this to be useful. 

2.5 The case for browsing 
Loizides’ document triage model [58] shows that at each stage of 

selecting online documents, the choices become fewer: 

information seekers narrow down search results and then examine 

a few documents from the chosen results set. This narrowing is 

disrupted by visiting the shelves in the process of selecting a 

book: information seekers are necessarily exposed to the shelves. 

The shelves are (as Kleiner et al. clearly point out [23]) an ideal fit 

for human browsing as described by Bates in 2007 [29]: lots of 

visual information and the ability to easily investigate objects of 

interest sequentially. In light of this fit, it is hardly surprising that 

in library literature it is considered obvious that shelf browsing is 

an important part of the information seeking process [59]. We do 

not have to take this on faith, however. Users in a number of 

studies have reported the value of browsing in their book selection 

process, in both academic [10, 12, 16, 51] and public libraries [22, 

36]. This value comes from the implicit or explicit understanding 

that libraries arrange the books so that serendipitous discovery 

might happen [16], and from the availability of cues (such as dust 

on books, the number of copies, the covers) that are simply not 

available online [10, 16]. Indeed, 55% of users in a study from 

last year said that shelf browsing is still an important part of 

information seeking [23]. 

In addition to readers’ self-reports, observational studies have 

identified browsing incidentally in studies of children seeking 

fiction [20, 60] (though not nonfiction [61]). Adults have been 

observed shelf browsing both fiction [59] and non-fiction [10, 12] 

in naturalistic studies, though sample sizes are necessarily limited. 

Finally, a 1993 study [25] based on the circulation statistics of a 

small group of users and a single Library of Congress Subject 

Heading also identified books being borrowed in groups, and 

called it browsing. 

We can see browsing takes place, and users say they value it, but 

it also appears to impact borrowing patterns. In the only study on 

browsing and borrowing to date to date, more than 50% of readers 

who found a book they had identified in the catalogue also 

borrowed at least one further book that had not been previously 

identified in search results [32]. 

Contrast this significant evidence with the case for search result 

browsing. At the time when the data was collected (2007-2008) 

catalogue usability was poor [42, 62], users did not really 

understand why they got the search results they did [16] and tools 

that may have helped users browse (such as faceted search [62]) 

were still not in widespread use [42]. The number of search results 

viewed in catalogue searches is small [32], and work 

contemporaneous with the data collection [16, 51] suggests that 

users were familiar with the physical layouts of their libraries and 

considered the library shelves a better way to find books than the 

library catalogues. 

Given this preponderance of evidence for browsing, it seems 

highly likely that any clustering of loans of physical items is 

likely to be as a result of shelf browsing, rather than any other 

behaviour. 

What is lacking in the literature outlined above, though, is any 

large scale attempt to quantify the impact of browsing on loan 

patterns. The large data set used in this study makes it possible to 

essentially perform a transaction log analysis on physical 

behaviour. This study attempts use that log analysis to 

demonstrate the impact of co-locating like items in a physical 

space (and thus likely facilitating browsing) with a view to 

understanding just how important browsing is for online book 

selection. 

3. METHODOLOGY 
Transaction log analysis is a long-standing method in digital 

libraries (see for example [63, 64]); it can be applied to behaviour 

in a range of online systems, including library catalogues [37], 

web-scale search [38], journal databases [65], and internet search 

engines [31]. In this study, though, while the data exists online the 

technique is applied to interactions in physical space. Transaction 

log analyses are an excellent approach to understanding what 

users do when unobserved, however user motivations, satisfaction 

and non-system interactions cannot be imputed; the same is true in 

this study. 

This section first describes the data set on which we performed 

our transaction log analysis, then describes the library selection 

method and the pre-processing necessary to use the data. Finally 

we describe the tests used to measure the impact of browsing. 

3.1 The OCLC Circulation Dataset 
In 2013 the OCLC released a very large data set, comprising 

circulation records for print books (not ebooks or journals) from 

the libraries in its OhioLink consortium. These records span a 

year over 2007 and 2008 [66]. 

The institutions in OhioLink are—with one exception—academic 

libraries. Most are open-stack (meaning the books can be browsed 

and checked out by library members) with a few exceptions; some 

libraries, such as OSU, have closed-stack storage. 
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For each book the circulation data includes its unique item 

number, which institution held it, which library and collection that 

book was found in, whether the book may be loaned, how many 

times it was loaned during the study period and the date on which 

it was most recently loaned. Having only the most recent 

circulation date means that we cannot always know whether two 

books were loaned on the same date, the data required careful 

analysis to resolve this. Bibliographic information, including call 

number and title, is stored in a separate MARC (MAchine 

Readable Cataloguing) file. 

The OCLC have already calculated a loan rate for all collections 

[57], and even started some institutional analysis, however their 

approach has been limited to investigating broader circulation 

patterns, rather than looking at the specific issue of browsing. 

3.2 Data Selection and Processing 
Analysing browsing on the basis of circulation data required 

significant pre-processing. Initially the classification scheme used 

by each library in the OhioLink Consortium was identified by 

searching each library’s catalogue for ‘Shakespeare’s Complete 

Works’, or, if that returned no results, ‘The Holy Bible’ (these 

works were selected on the basis that most American libraries will 

have at least one of them). Reading comprehension SAT entry 

requirements were then checked for all four-year and graduate 

level colleges and universities. The SAT metric was used to select 

those institutions at which users were most comfortable using the 

library [67] and to ensure as far as possible similar students at 

each institution. For any institutions with more than one library 

circulation data from the main library was selected. Six sample 

institutions (three using Dewey Decimal Classification and three 

using Library of Congress) were selected on the basis of SAT 

reading scores required for entry. The Library of Congress (LC) 

libraries chosen were Ohio State’s Thompson Library (OSU), 

Case Western Reserve’s Kelvin Smith Library (CWRU) 

Cedarville University’s library (Cedarville). The vast majority of 

books in each of these libraries were shelved using LC, though 

each of them had a fiction collection about which shelving 

information was not readily available (these books were therefore 

excluded from this study). The Dewey Decimal Classification 

(DDC) libraries selected were Oberlin’s Main Library 

(OberlinDDC), Denison’s library (Denison) and Ohio Northern’s 

library (ON). Like the LC libraries, the Dewey libraries had 

fiction collections that were not shelved with the main collection, 

however each also had significant proportions of their collection 

shelved in classification schemes other than Dewey. The most 

notable of these is Oberlin’s Main Library, which is partly Dewey 

and partly LC in non-contiguous shelving sections. To provide a 

better comparison between Dewey and LC, then, Oberlin’s LC 

shelves (OberlinLC) were also extracted and analysed.  

Once libraries were selected, call numbers and titles for each item 

were extracted from classification data and matched to circulation 

data to form the collections listed above. Summary statistics were 

then generated for each collection: number of books, earliest and 

most recent circulation date, overall circulation rate and annual 

circulation rate. Collections were then sorted by call number to 

mimic the library shelves, so that the impact of browsing could be 

identified. To test for this impact, two comparisons were 

performed for each collection. 

3.3 Testing For a Neighbour Effect 
The first comparison used a random sample of loaned books, 

determining for each book how many of its ten nearest neighbours 

(five in each direction on the shelf) had been loaned on the same 

date as its most recent circulation date. Five books in each 

direction seemed the best initial compromise between too narrow 

and too wide—it gives a total scan length of 11 books, which can 

be reasonably assumed to be relatively closely co-located without 

necessarily being in the same call number range. Books with near 

neighbours that had been borrowed after them were excluded, as 

there is no way to tell that those books were not also loaned on the 

same day as the index book (because only the most recent loan 

date from each book is recorded). The ten neighbouring books 

were then examined to see how many of them had been loaned on 

the day before the date on which the index book was loaned. 

While it is impossible to guarantee that the index book was not 

also loaned on this date, library processing times make it 

extremely unlikely. This approach allows us to compare loans in a 

paired set of books with and without a neighbouring loan. By 

making this comparison, we are able to ensure that books from the 

same area of the shelves are not loaned simply because the subject 

area is popular on a given day (e.g. textbooks at the beginning of 

term); if there is a neighbour effect present here the concurrent 

loans cannot be simply ascribed to topic popularity. 

The second comparison used the books loaned on the final or 

penultimate date of data collection for each collection. For three 

collections in two libraries the penultimate day was used as the 

loan rate on the last day was small enough as to suggest only 

renewals occurred on that date. Books being borrowed on the final 

date for which circulation data was recorded can have a true loan 

rate calculated for their neighbours (again, five in either 

direction), because the circulation dates associated with these 

books cannot have been overwritten by a more recent loan. These 

ten-book samples were then compared to 1000 random ten-book 

samples from the same collection to determine the comparative 

loan rate for the final circulation date. This comparison accounts 

for a particular loan date (e.g. near the end of term) being very 

popular and shows the specific influence of having a nearby book 

loaned. 

The limitations of the data—in particular recording only the most 

recent circulation date—required careful consideration when 

planning these tests. This limitation, in fact, was the driver for 

performing two tests: by pairing books at a single location we can 

control for location effects, but are subject to inaccuracies of date 

data. Conversely by testing only books loaned on the last day 

against random books, we risk some effects based on material 

topic, but none on the basis of date. If both tests point to a 

neighbour effect, however, we can reasonably assume that the 

effect exists and browsing is the likely cause. 

Finally collections were compared to see if there were any major 

differences between libraries, and classification schemes were 

compared to determine whether one could be said to be superior 

to the other for subject browsing. 

4. RESULTS 
The results section is broken down into five parts: Firstly we 

provide summary statistics for each collection in the study, then 

we examine whether browsing can be demonstrated by looking at 

loan patterns. Next we examine the size of any browsing impact, 

then we make a comparison between DDC and LC libraries. 

Finally we address the limitations of this study and provide a 

summary of our findings. 

4.1 About the Collections 
In this section we provide summary statistics about each 

collection used in the study to give some background for our 

analysis. 
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As shown in Table 1 overleaf, annual circulation rates (the 

number of books that are checked out at least once) for 2007-08 

vary between 8 and 18%, and are broadly reflected in total 

circulation rates (the percentage of books that has been taken out 

at least once over the entire time data has been collected for each 

library).  

Clearly, then, the vast probability is that any given book will not 

be checked out even once in a given year, much less on a given 

day. The small numbers seen in this study necessarily mean that 

the size of any effect appears small. 

Table 1: Summary statistics about test libraries 

4.2 Does the Data Show Browsing? 
As mentioned in Section 3, we used two tests to check for 

browsing: the first used randomly selected books and dates, and 

checked the same book set on days when an index book had been 

loaned and when it had not been. The second test compared books 

adjacent to those loaned on the final date in each collection’s 

circulation records with books adjacent to randomly selected 

books and noted which books in each adjacent set had been 

loaned on the final day.  

Table 2: Loans of the same book on with or without a 

neighbouring loan 

4.2.1 The Same Books on Two Dates 
This section will outline the results of pairing books and testing 

on a different day. For each collection, 2000 books were used as 

index books, meaning 20000 books were examined on each of 

two possible loan dates. In the table below ‘Neighbouring loans’ 

refers to the number of loans in that 20000 set on the date on 

which the index book was loaned; ‘No Neighbour’ is the number 

of loans on the day prior to the most recent loan of the index book 

for each set. To test the significance of results, we used a two-

tailed chi-squared test with Yates’ correction. 

As we can see from Table 2 above, every collection in this set 

generates a statistically significant result at the 0.1% confidence 

interval for this test, meaning that a book being in the five books 

either side of a book on the date that it is loaned is much more 

likely to be loaned itself on that day than on the day before. The 

confounding factor here is that we cannot (with the limitations of 

this data) prove that the index book or any of the other books 

around it were not also borrowed on the daY before. To address 

this we performed a second test, looking only at the last date on 

which loans were recorded for any book in the collection. 

4.2.2 Books Loaned on the Last Day of Circulation 
The second test we used took as a control set books loaned on the 

final or penultimate day on which circulation data was recorded 

for each collection. The libraries marked with an asterisk use data 

from the penultimate day because the final day sets were so small 

as to be most likely renewals on a day when the library was 

closed. 

Table 3: Impact of neighbouring loans on final day loan rates 

 Because we definitively know that no books were borrowed after 

this date we can know for certain for any set of ten books how 

many of them were loaned on the final date; no more recent 

circulation date could have overwritten the dates for those books. 

As such we counted the number of books loaned on the final loan 

date in each set of ten for each final loan date index book. We 

then compared this with the ten books around 1000 random 

books—i.e. 10000 books—in each collection to see whether we 

could confirm an effect. Results are shown in Table 3: last-day 

books is the number of books loaned on the final data collection 

date for each collection; neighbouring loans is the total number of 

books loaned in the ten books either side of a book loaned on the 

final circulation date; random loans is the number of loans on the 

final circulation date in a set of ten books around a randomly 

                                                           
* These collections used data from the day before the final date for which 

circulation information appears in the data as the final day sets were small 

and likely represented only renewals. 
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OSU LC 31-12-69 06-05-08 462328 0.65 0.18 

CWRU LC 21-09-87 14-04-08 497763 0.50 0.12 

Cedarville LC 27-12-93 06-05-08 124260 0.74 0.17 

Oberlin 

LC 

LC 31-12-69 17-04-08 5675663 0.41 0.09 

Oberlin 

DDC 

DDC 31-12-69 17-04-08 162174 0.45 0.11 

Denison DDC 18-02-93 14-04-08 103691 0.56 0.16 

ON DDC 16-03-93 22-04-08 76972 0.47 0.08 

 Neighbouring 

loans 

No 

Neighbour 
Significance χ2 df 

OSU 304 14 p<0.0001 264.779 1 

CWRU 402 21 p<0.0001 345.020 1 

Cedarville 479 49 p<0.0001 353.225 1 

Oberlin 

LC 
313 26 p<0.0001 243.349 1 

Oberlin 

DDC 
177 12 p<0.0001 143.065 1 

Denison 161 17 p<0.0001 115.396 1 

ON 306 21 p<0.0001 248.687 1 
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OSU* 112 8 0 p<0.0001 61.890 1 

CWRU 91 16 3 p<0.0001 133.534 1 

Cedarville 77 8 6 p<0.0001 45.538 1 

Oberlin 

LC* 

136 50 3 p<0.0001 334.991 1 

Oberlin 

DDC* 

55 40 1 p<0.0001 1196.062 1 

Denison 92 22 14 p<0.0001 123.192 1 

ON 29 10 2 p<0.0001 77.923 1 
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selected index book. Statistical significance, as for the last test, is 

calculated using a two-tailed chi-squared test with Yates’ 

correction. 

Again, this test shows statistical significance for all collections. 

What this test cannot address is any local effects: whether, for 

example, books from a certain part of the collection are under 

heavy use on a given day because an assignment is due. The 

previous test, however, did address this issue and still found 

significance. Between the two tests, then, it is reasonable to 

assume that the effects seen are directly related to a recently-

loaned neighbour. The logical explanation for this is shelf-

browsing, i.e. users encountering neighbouring material that is 

also relevant to their information needs as they collect a target 

book; or indeed deliberately seeking books from a shelf-location 

known to be a good source. 

4.3 Quantifying the Impact of Browsing 
In the previous sub-section we demonstrated that browsing is, in 

fact, evident in the data about book use—that a book is 

statistically more likely to be borrowed if it is near another book 

that is borrowed on the same day. The size of that impact is the 

question for this section. 

Our initial approach to determining the size of the effect was to 

calculate the φ-coefficient for each test, however in all but one 

case (where it came out to 0.33) these were small, in the range 

0.06-0.17, with most around 0.11. This seems at first to indicate a 

small effect, but when we consider the tiny proportion of books 

that are loaned on any given day, effects will necessarily be small. 

In light of this we turn to descriptive statistics. Looking at the 

increase in loans as a proportion shows that having a near 

neighbour borrowed increases the likelihood of any given book 

being borrowed by at least ten-fold in all but two tests.  

The final date collection statistic compares the likelihood of a 

book being loaned on the final circulation date in when it was in 

the ten books nearest a book loaned on the final date with the 

overall collection circulation rate (number of books loaned on the 

final date/number of books in the collection). Results for all three 

comparisons are shown in Table 4 below. 

Table 4: Size of the neighbour effect calculated three ways 

 Paired dates Final date test Final date 

collection 

OSU 21.71 Undefined 294.85 

CWRU 19.14 58.61 961.745 

Cedarville 9.78 17.31 167.66 

Oberlin LC 12.04 122.55 15342.95 

Oberlin DDC 14.75 727.27 2144.45 

Denison 9.47 17.08 269.52 

ON 14.57 172.41 915.24 

The population-based statistics show the most dramatic increases 

in odds; this is simply due to the small sample size and large 

population size involved. Nevertheless, even pairing books, a 

nearby loan increases loan likelihood by close to an order of 

magnitude in every case, if not more. This data demonstrates that 

browsing has a significant local impact, affecting a loaned book’s 

nearest neighbours, but that this impact is nearly undetectable in 

overall collection circulation patterns due to low circulation 

generally. 

4.4 Dewey vs. Library of Congress 
It is apparent that browsing happens, and that its impact is 

significant, but is one classification system better than the other? 

By comparing the proportion of neighbour books that were 

borrowed on the final recorded circulation date between DDC and 

LC collections we can begin to understand which classification 

scheme might better support browsing. The table below shows 

loaned and unloaned books in neighbour sets in Dewey libraries in 

comparison with LC libraries. To ensure any significance was not 

due to of some undetectable difference between users or library 

staff, we also show statistics for the two types of books within 

Oberlin library. 

Table 5: Neighbour effect in Dewey vs LC 
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All 

libraries 

71 1689 82 4078 p<0.0001 20.094 1 

Oberlin 

only 

40 510 50 1310 p=0.0012 10.94 1 

All but 

Oberlin 
32 1778 32 2768 p=0.1005 2.698 1 

 

Using the chi-squared test again we see that there is some 

difference between DDC and LC for browsing, but that this is 

mostly seen in Oberlin Library. Given that Oberlin does not have 

the full range of books in either classification scheme, it is 

possible that this apparent difference is due to subject matter, an 

interesting finding in and of itself. We know that readers are more 

or less likely to use ebooks based on discipline [68], so it would 

not be surprising to find browsing behaviour differences as well. 

4.5 Limitations of This Study 
This study will almost certainly underestimate the neighbour 

effect. There are a number of reasons for this: Firstly not being 

privy to shelf layout that we cannot accurately determine which 

books were above and below a borrowed book, only those on each 

side. Secondly the data does not distinguish between renewals 

(which may be significant proportion of loans) and new loans. 

Thirdly we cannot tell from the data exactly which books were 

available on the shelf on the sample date—loan periods may have 

changed (and are not available for the 2007-2008 period of this 

study), and books may be missing or off the shelves for repair or 

in use within the library. Finally, absent data at the patron level, 

this study cannot address the type of serendipitous discovery seen 

in [12, 22] in locations more distant than very nearby books. Any 

neighbour effect detected is therefore likely to underestimate 

actual browsing. 

A possible confounding factor with this data is that shelves are 

arranged by topic. It is possible, though unlikely, that the 

neighbour effect represents books discovered by individual 

patrons in repeated catalogue searches. Given the evidence for 

browsing discussed in Section 2.5 though, this seems unlikely. 

The topic-based classification scheme of all the shelves also 

means this study offers no understanding of the usefulness of 

other metadata types for book browsing, usefulness for which 

there is anecdotal evidence in other studies, for example [11, 65]. 
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This study does not measure the amplitude of the neighbour effect 

at different distances, a task that remains for future work; nor does 

it account for duplicate books (which may affect the outcome but 

are a tiny proportion—fewer than 0.8%—for libraries where this 

was checked). 

Finally, this study includes only academic libraries; where the 

behaviour may be quite different to public or specialist libraries 

(see for example [12]); the findings therefore are not generalizable 

to these types of libraries. 

4.6 Summary of Results 
In this section we have established that there is a clear and 

significant ‘neighbour effect’ in book loans, where a nearby 

neighbour being loaned greatly increases the probability of any 

book being loaned itself. This clustering, given that it happens 

when you compare books by location and by date, almost 

certainly represents browsing in the form of interaction with 

physical shelves to find similar items for a broad information 

need. True, we cannot prove that these books were not all 

borrowed at different times of day by different people, but the 

simplest explanation by far is that some browsing is taking place. 

In the following section we will address the interaction between 

this newfound understanding and digital libraries research. 

5. DISCUSSION 
In this section we discuss our findings in light of the work on 

digital libraries. Firstly we compare our findings to what we 

already know about browsing in an online space, secondly we 

examine the applications of our findings to the online space and 

thirdly a discussion of this study in light of what it does not tell 

us. 

5.1 Online Browsing and Search 
An obvious question to ask, given that we have been able to 

quantify browsing for books in a physical library is what 

relationship does this bear to online browsing? 

As mentioned in Section 2 there is very little literature on 

browsing online, however thinking about the process of 

borrowing a book from a library—searching the catalogue, then 

locating it on the shelves (if it is present in the library [10]), then 

checking the book out—the most common analogue is probably 

looking at search results. In information retrieval, clicking on 

more than a single result is seen as “noise” rather than user 

evaluation of possibilities [69]. The raw number of clicks per 

query is somewhat variable, but seems to hover between 1 and 2, 

suggesting little browsing of search results [70-72].  

When looking at search result behaviour more broadly we see that 

what browsing does occur occurs within the first page of results. 

Jansen and Spink’s work from 2001 [31]shows that the majority 

of people look only at the first page of search results and no 

further—viewing ten result snippets, though not ten results. This 

is a very small pool for browsing, in comparison with what 

information seekers will see in a library, and offers little 

opportunity for serendipitous encounter [29, 48].  

Looking closer to academic libraries, transaction log analyses 

have not typically looked at how many search results users click 

on, a surprising omission in an otherwise well–studied area. The 

exception to this is Beaulieu’s 1993 study, which showed the vast 

majority of users examining only a single result in any depth, and 

of those who examined more an even more significant majority 

only viewed two [32]. A large study of journal article access that 

compared access strategies—search and various types of 

browsing—shows that those who begin with search access fewer 

documents [65], though not how many documents they access. 

This reduced breadth of access is further evidence for the goal-

driven behaviour seen in search.  

It is unsurprising in light of earlier work [12, 73] that search result 

browsing, including the in-depth sequential examination of items 

suggested by Bates’ definition of browsing, is not seen online; 

search result lists do not provide the same easy interactions as 

physical shelves. It is also clear that information seekers who use 

search also use library shelves as an information source, thus 

search is not providing everything they need [51]. Indeed, even 

those users who browse search results go on to browse the shelves 

as well [27], showing that both activities have a place in book 

selection.  

This study does not dispute the place of search and search result 

browsing in book selection, though we do not view users selecting 

more than a single book as noise. What this study does offer is the 

beginnings of a precision/recall like metric for browsing books in 

a physical space, and the numerical probability that it is important. 

It appears that it may be slightly more common for users to check 

out more than one book than to view more than one search result, 

further confirming the value of the shelves for serendipitous 

discovery. Increasingly, though, it should be possible to provide 

exploration services online that are as good as or better than those 

in the physical world. Avenues for this are discussed below. 

5.2 Implications for Online Browsing 
There is a long history in digital library research of using studies 

of human information seeking behaviour in physical environments 

to inform digital interface design, see for example [9, 26, 60]. 

Information seekers have told us that they value the browsing 

experience they get in physical libraries [10, 13]; it is also likely 

that the serendipitous discovery offered by these spaces is both 

used [25] and beneficial to academic endeavour [15, 48]. We also 

know that browsing supports more successful information seeking 

in libraries than search alone [24]. Similarly, users do not get the 

same experience from recommender systems as they do from 

shelf browsing, because recommender systems have to be primed 

with knowledge about users and are not always accurate [28]. 

What is widely acknowledged, however, is how limited physical 

browsing in libraries is [46]: some libraries have tried as a result 

to do away with classification schemes altogether [74, 75]. 

Nevertheless, information seekers do browse by subject, 

especially in academic libraries [27, 32]. In a 1993 observational 

study over 50% of information seekers who successfully located a 

book in the catalogue also selected at least one more book from 

the shelves [24]. Similarly a small analysis of 96 users also shows 

them selecting multiple books from the same areas of the shelves 

[25], and that books in one very narrow subject heading tended to 

be selected together. The study presented in this paper 

unequivocally demonstrates that physical browsing even in this 

most limited of capacities occurs on a broad scale even when 

users are unobserved. 

Online browsing has the potential, however, to offer so much 

more than can be offered by the physical shelves. Users have all 

sorts of nebulous, ill-defined needs for books including the colour 

of the cover [6, 52, 60], recency of usage [10, 36], book length 

[30], themes [36, 60] and print size and number of images [12, 

20]. These ill-defined needs are exactly the kind best met by 

browsing [2]. The broad range of ways that books might be 

classified and the contextual nature of how information seekers 

might wish to browse is further expanded on in [46]; suffice it to 

say that browsing needs are widely varied. In the physical world, 
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shelf arrangement is fixed; online we have the option to rearrange 

the shelves according to user needs. 

There have been some attempts to provide exactly this type of 

exploration online [8, 18], however they have not, thus far, been 

applied to books except for one notable exception. Borgman 

offered a shelf-based metaphor within a digital interface to 

children in 1995 [19], and despite its low fidelity and limited 

customisability it was well received.  

With the massive uptake in ebook use in both recreational [17] 

and academic arenas [76] , and the common lament of losing 

browsing in the move to ebooks [11, 12], our research both 

provides a measure for successful browsing—the neighbour effect 

should be close to that in physical space—and reconfirms the need 

for it. 

5.3 Browsing Behaviour 
Like traditional transaction log analysis, this study leaves much 

about the actual user behaviour that occurs behind the numbers 

opaque. Just as an ordinary transaction log analysis can only track 

what users click on, this one only identifies what they borrow. We 

know that readers examine many more books than they borrow 

[12], and that there is a perceived cost to borrowing a book [11]. 

As such while this study strongly suggests the existence of 

browsing, it gives little insight into its nature 

Similarly, this study provides no insight into within-book 

browsing an important part of book selection behaviour [12]. To 

support book selection online, we need to better understand these 

behaviours, perhaps starting with log analyses of online book 

selection interfaces. 

This study has reconfirmed what users have self-reported about 

academic library shelves: that visiting the shelves is a valuable 

experience (see Section 2.5); this study even quantifies that value. 

What is not clear, however, is what frustrations, if any, users have 

with the shelf-browsing experience, and how useful or important 

the other kinds of browsing mentioned in Section 5.2 are. Again, 

to develop truly effective and usable browsing and book selection 

systems, we need to have a broader understanding than this study 

can provide. 

Finally, in all models of information seeking searching and 

browsing are ideally interleaved [2, 3]; in the physical library they 

have necessarily been separated traditionally (though smartphones 

are changing this). This study, not having search data, does not 

address the interaction between searching and browsing.  

The best approach to understanding book browsing beyond this 

study (which strongly suggests it happens and quantifies it) is to 

begin with observing it, both in person and online. This 

observation, and whatever further study it could give rise to, are 

avenues for future work. 

6. CONCLUSIONS AND FUTURE WORK 
In this section we will firstly draw conclusions from this study, 

then examine avenues for future work. 

6.1 Conclusions 
In this paper we have presented a quantitative study of browsing. 

Traditionally browsing has attracted little research interest, 

perhaps because it is nebulous and unquantifiable. This paper 

presents a way to change that, in the form of a transaction log 

analysis of browsing using circulation data from a large academic 

library consortium; an entirely new but reproducible technique. 

A pair-wise comparison of books by both location and loan date 

demonstrates a clear neighbour effect in borrowing, a finding 

completely novel in the literature. This effect is independent of 

both book topic subject and time. This neighbour effect strongly 

suggests browsing, and is in line with both the information 

seeking literature, and with information seekers’ self-reports about 

browsing. 

Further examination of the data shows that the browsing effect is 

significant—a nearby book being loaned increases the probability 

of a loan by at least 9-fold. This means that browsing is occurring 

regularly and that users are effective even in the limited and 

limiting context of physical shelves with arcane classification 

systems. It also gives us a benchmark for testing other browsing 

systems: less than a 9-fold increase in a pairwise comparison 

matched by location means a poorer return than a physical library. 

With this clear confirmation of the value of browsing for books, 

and in the context of increasing ebook usage, providing good 

opportunities for online browsing is more important now than 

ever. To fully understand the browsing process and users 

browsing needs, though, requires considerable future work. 

6.2 Future Work 
This study, like all transaction log analyses can only identify user 

behaviour that generates a system event, in this case a loan. There 

are many steps between searching or browsing and making that 

loan, however, that are opaque to this study: examining the 

shelves, close examination of individual books, even how books 

are encountered.  

Similarly we do not know how satisfactory the browsing 

experience was for the information seekers who created these 

loans, nor do we understand what features of the shelves are 

imperative and which could be improved. 

Close observational study in both online book selection 

environments and physical spaces would go some way toward 

clarifying what information seekers want from book browsing, 

and finally informing the design of truly good, usable online 

browsing systems. 
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Abstract Browsing is a part of book seeking that is important to 

readers, poorly understood, and ill supported in digital libraries. In 

earlier work, we attempted to understand the impact of browsing 

on book borrowing by examining whether books near other loaned 

books were more likely to be loaned themselves, a phenomenon we 

termed the neighbour effect. In this paper we further examine the 

neighbour effect, looking specifically at size, interaction with 

search and topic boundaries, increasing our understanding of 

browsing behaviour. 
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1. Introduction 

Participants in a 2007 study comparing physical and digital libraries noted there is 

no digital analogue of library shelves for book seeking, particularly in terms of 

serendipitous discovery [1]; that same year Rowlands noted the dearth of literature 

on book selection [2]. Despite later research on book selection, reader behaviour at 

the library shelves remains largely mysterious. 

Key models of information seeking include elements that focus on browsing 

and exploration [3, 4]. The literature on book seeking also shows that readers 

consider browsing an important part of book seeking [1, 5, 6]. Readers in both 

academic [5, 7] and public [8] libraries note lack of browsing support as a reason 

for avoiding the use of ebooks. Libraries increasingly offer ebooks alongside or in 

place of print, so avoiding them is likely to negatively affect readers. 

Despite readers’ insistence that browsing is important, until last year there was 

little literature on its impact on book use. Our prior work [9] leveraged two 

established digital library techniques—examining physical libraries [1, 6, 7] and 

transaction log analysis [10, 11]—to determine whether physical layout of library 

shelves affects book borrowing patterns. In that work we specifically examined 

whether proximity to a loaned book increases the chance a book will itself be 

loaned: we found a strongly significant increase in this likelihood that we termed 

the neighbour effect. This paper refines the neighbour effect by examining day-of-

week variance, the distance between relatively nearby books borrowed on the same 

day (co-borrowed books), the impact of topic boundaries, and the distance between 

co-borrowed books in search results. Given the prevalence of complaints about 

digital library browsing systems [1, 6, 12], developing a better understanding of 

browsing in is a vital step to improving users’ experience of DLs. This paper thus 
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aims to increase and improve our understanding of browsing. Section 2 presents 

the background literature, Section 3 our methodology. Section 4 presents the 

results, which are compared to the literature in Section 5. We finally draw 

conclusions and suggest future work in Section 6. 

2. Background literature 

In this section we will first present the work on browsing in the context of 

information seeking behaviour, then cover browsing and browsing technologies. 

Next we will cover the literature on book selection; finally we summarise our 

previous work that this paper extends. 

2.1 Browsing in Human Information Seeking Behaviour 

Browsing is a central activity in many major models of information seeking (e.g. 

[3, 4]). The common models are primarily linear, with elements that address search 

and triage. Browsing in these models is closely interleaved with search and used 

for exploration and triage. Beyond these models, serendipity—the opportunity to 

discover information one otherwise would not—is a key attribute of browsing. 

Savvy information seekers leverage their surroundings to increase the likelihood of 

serendipity [13], a strategy also used at the library shelves [1, 6, 14]. 

2.2 Browsing and Browsing Technologies 

Bates—who wrote the seminal work on browsing in electronic environments 

[15]also provides a working definition of browsing grounded in a broad 

literature [16]. She described it as the process of glimpsing a ‘scene’ (a large 

collection of potentially interesting objects) sequentially examining objects of 

interest, and retaining or discarding these. Given this definition, library shelves are, 

as noted in earlier work on libraries [14], ideally suited to browsing. 

More than 20 years since Bates’ seminal paper [15], online browsing systems 

remain under-researched. It may be argued that search results [17], and faceted 

search in particular [18], re-present opportunities to browse online, however both 

the limited number of results presented, and the need to navigate away from the 

‘scene’ (or search results) to examine items in depth contravene Bates’ definition 

of browsing [16]. These limitations also negatively affect the close interleaving of 

search and browse found in information seeking models [3, 4]. The need to prime 

search-based systems with query terms—a difficult task with imprecise 

information needs [19]—also limits their usefulness [20]. 

The literature on browsing-specific systems is limited. A 1995 paper presents 

an early shelf metaphor system intended for children [10], and a 2004 paper 

presents three browsing tools within the Greenstone DL system [21]. These tools 

are, however, only proofs-of-concept. Book browsing systems have been more 

common in recent research: e.g. exploiting a shelf metaphor [14]; using the non-

bibliographic book features readers say they use in decision making [22], and 

Pearce’s iFish tool [23], which creates browsing sets based on user-specified 

preferences. Whichbook (http://www.openingthebook.com/whichbook/) is one of a 

number of increasingly common commercial systems. None of these tools 

however, is rooted in a detailed understanding of browsing behaviour, and none 

has yet been the subject of rigorous evaluation. The emergence of commercial 

systems both reinforces the need for research-based approaches, and renders the 

topic of browsing relevant and timely. 
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2.3 The Book Selection Process 

Rowlands’ 2007 critique of the limited research on book selection [2] has been 

followed by a steady growth in that literature. The process of choosing a book in a 

library can be divided into 5 components: identifying a need for a book; searching 

(this step may be skipped); locating books of interest; choosing among them; and 

reading or otherwise using selected books. Catalogue book search, while it has 

major usability problems [11, 24], is well-studied elsewhere and not the focus of 

this work; we will not discuss it further. Similarly, the nature of reading—while an 

interesting open research question [25]—will not be further discussed here. 

There is some work on how readers identify both fiction [8, 26] and non-fiction 

[27, 28] books of interest. Personal recommendations and shelf browsing are 

frequently reported, while search appears rare. There is a limited but growing 

literature on how readers identify and select books at the shelves. Research on 

children [29, 30] notes that they focus on eye-level shelves, and that shelf order 

affects the books they select. Adults are also affected by shelf height, though less 

than children are [7]. Like children [30], they struggle with some aspects of shelf 

layout in libraries [20], but adults also exploit it, using librarian created displays or 

recent returns [7, 8, 26] as information resources. Savvy library users value the 

shelves as a finding aid and relevance cue, and note there is no online equivalent 

[1]. Participants in numerous studies have said they value the opportunity to 

browse shelves, even giving it as a reason for avoiding the use of ebooks [1, 5, 7]. 

Decision-making at the shelves is progressive—looking, then looking more 

closely, then taking books off the shelf [7, 29]. Readers flip pages, and use index, 

blurb, and images to determine relevance [6, 7]. These cues are also used in 

ebooks, but other non-bibliographic cues that are not replicated online—such as 

dust, book size, and location—are also used [1, 6]. 

The process of examining shelves and choosing books mirrors Bates’ definition 

of browsing [16]; indeed it seems likely that libraries, classification schemes and 

shelves have evolved to create a physical browsing engine [31]. The importance to 

users of browsing is supported by numerous small studies, including [1, 6, 7]. A 

larger study from 1993 demonstrates that browsing also affects the books readers 

select: over half of those who located one book identified by searching borrowed at 

least one further book [32]; a contemporaneous study noted that books near each 

other on the shelves were likely to be borrowed together [33]. Given the age of 

these studies and the ascendance of search in the intervening time, it seems 

reasonable to ask whether browsing still holds such sway: this paper investigates 

the impact of browsing on book loans. 

2.4 Our Previous Work 

The only recent study of the impact of browsing—or more specifically shelf 

location—on loans within academic libraries is our own [9]. We used a large 

publicly available circulation dataset from the OCLC [34], and selected six 

libraries based on a set of criteria to ensure their broad similarity. We created a 

shelf-sorted book set including circulation data for each library.  

Circulation data only records the most recent loan for each book; given this 

limitation we used two tests to look for a neighbour effect. We compared the 

number of loans among the ten nearest neighbours (five either side) of loaned and 

unloaned books on the final date recorded in the data, and for randomly selected 

loans we compared the number of loans among the nearest neighbours on the loan 

date and on the day before. Both tests showed a strongly significant neighbour 

effect, supporting our hypothesis that browsing influences loan patterns. One 

significant limitation remains: without patron data, we cannot prove, for any co-

borrowing, that it is the result of use by a single patron. There is a preponderance 

of evidence, though, in the form of observation [1, 6, 32], log analysis [33] and 
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user self-reporting [5, 8, 26, 27] that makes browsing a logical explanation for a 

significant proportion of this activity. 

The tests we used in this early work were a fairly blunt instrument: they 

examined a fixed number of books, and did not take search, day-of-week effects or 

topic boundaries into account. This work aims to refines our method, deepening 

our understanding of browsing along these axes. 

3. Methodology 

This paper extends the methodology of our previous work [9]. We will briefly 

review our dataset, then describe four new tests employed to examine the patterns 

of co-borrowing.  

3.1 Dataset 

We used the same six sample libraries as our previous work: Cedarville, Dennison, 

Case Western Reserve University (CWRU), Oberlin, Ohio Northern (ON) and 

Ohio State University (OSU). For this study, we omitted Oberlin’s Dewey 

collection, though we retained Oberlin’s LC collection: the former has a 

fragmented floor layout4 limiting browsing opportunities. We mitigated against 

overwritten loans (circulation data stores only the most recent loan) by using data 

from the end of the dataset’s collection period, in many cases the final week. The 

final week of data for OSU, however, had less than half the annual average number 

of loans per week (650, in comparison with 1592) so we used the penultimate 

week’s data (1071 loans). 

3.2 Tests 

We conducted four separate tests on our datasets. Our tests primarily involve the 

ten closest books to an individual text: five to its left and five to the right 

(duplicates are discarded—they form <3% of any collection and usually <1%). We 

refer to this set, which we also used in our previous work, as N10. The only study 

similar to ours used a width of two [33], or N4. 

Shape of the Neighbour Effect: Books within the N10 set will usually be on the 

same shelf as a target book: 10 books is simply not enough to see the books above 

and below a borrowed book, nor is it wide enough to tell us when the neighbour 

effect disappears. Using the final week sets described above, we calculated for 

each borrowed book the distance to its nearest borrowed neighbour, and the 

number of books borrowed at each distance out to 150 books either side. We 

examined this data to see how rapidly the neighbour effect falls away, and whether 

there are secondary co-borrowing peaks that could account for books above and 

below a target book. 

Day of the Week Effects: There is a known ‘day of the week’ effect on search 

behaviour in information retrieval [35, 36], representing changes in user behaviour 

based on context. The same effects in browsing data would reinforce our 

impression that the neighbour effect is a product of intentional human behaviour, 

and not random co-borrowing. We compared the strength of the neighbour effect at 

N10 on the busiest and least busy days of the week (based on the final year of loans 

data), and compared weekdays with weekends. To ensure that we had a 

representative time sample we ran this comparison over all complete weeks in 

                                                           
4 See http://www.oberlin.edu/library/main/2.html 
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2008 (the final year of data collection—data ceases for all collections in late April 

or early May). 

Comparing Search and Browsing: One explanation for co-borrowing is that 

users may identify books individually in search and select them independently of 

one another. While early studies [32, 33] do not support this, the increasing 

dominance of search [23, 28] suggests that search could be responsible for these 

results. We created a stop-worded log-rule search index [37] for the titles of the 

books (the only metadata we had, but data that is frequently used in book search 

[11, 24, 38]).  

We then collated all the possible pairs of books borrowed on the same day in 

the final week. Those pairs within their N10 shelf-set were identified first to create 

the shelf co-borrowing set. We did two searches against the titles index: a title 

search, and a keyword search on their shared title words. Where one book and 

another loaned on the same day both appeared in the top ten search results (the 

only results most users look at [37]), they were considered to be search co-

borrowings. This created both a title search set and a shared title keyword set of 

co-borrowings. The difference in result ranking of two results was deemed to be 

their search distance. For any book pairs that had both shelf (within N10) and 

search proximity, we determined which distance was shorter (and hence a better 

explanation for the co-borrowing).  

Topic Boundaries: Earlier work suggests that shared topic is almost as important 

as shared shelf location, even where books are not co-located [33]. Topic and shelf 

location are intertwined in academic libraries [31]: to investigate this relationship 

we examined loans near topic boundaries. Topic boundaries were categorised as 3, 

2, 1 or 0; rank 3 indicated a difference in the first digit of the call number, 2 the 

second, 1 the third and 0 none before this. We identified the borrowings near topic 

boundaries, then did a closer analysis where there was sufficient data. 

4. Results 

This section reports results for each of the four individual tests described in 

Section 3. We subsequently summarize our findings and point to limitations of our 

study. 

4.1 Shape of the Neighbour Effect 

To examine the width of the neighbour effect, we first calculated the distance to 

nearest co-borrowed book for all books loaned in the final week set. Not every 

visit to the library will result in co-borrowings, and borrowing rates per book are 

low (annual circulation ranged from 0.08 to 0.18 loans per book for all collections 

[9]). The data shows a log-log distribution often seen in information behaviour 

[37]. Nearest neighbour data is shown in Table 1, below: 

Table 1. Shelf distance to nearest loan in number of books showing first three 

quartiles 

 Median Mean Std.dev Q1 Q2 Q3 

Cedarville 571 1118 178 89 181 640 

CWRU 2930 5437 1300 343 1297 3471 

Dennison 1507 2177 898 189 919 2063 

Oberlin 4917 9833 1910 189 1858 6198 

ON 2351 3343 1056 170 992 2972 

OSU 4281 8140 1795 471 1773 4585 
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The distribution of loans suggests a neighbour effect: many loans are close to their 

nearest borrowed neighbour. Browsing likely accounts for many of the close-by 

loans, but is unlikely to account for loans hundreds of books distant. There is one 

possible exception: examining nearest neighbour loans in groups of 50, four 

libraries (Dennison, Oberlin, ON and OSU) show unexpected peaks between 650 

and 700 or 700 and 750, rather than the expected long flat tail. One possible 

explanation is borrowing from the ends of shelves (as seen in [7]), though this is 

speculative in the absence of detailed information about physical library layout.  

After looking only at nearest neighbour information, we considered the data 

with respect to all co-borrowings at the micro level (within N20) and the macro 

level (up to N300). 

Examining all neighbours at the micro-level reveals that the rate of co-

borrowings falls rapidly with distance for four libraries, but Cedarville and OSU 

show flatter patterns (Fig 1). 

The macro-level view allows us to test for borrowing from above and below a 

target book. Of course the number of books per shelf will vary, even within 

libraries, due to variations in both shelf and book width. Averaging over a large 

enough sample, however, may reveal a secondary peak representing the books 

above/below an index book. These books, while closely co-located, are likely to 

represent greater topic difference than the books beside an index book. 

 

Fig. 1. All co borrowings within N20 

Studies of recommender systems show that users will choose items that fall a 

little outside what they expect [39]; and vertical neighbours on library shelves may 

have a similar effect. We examined all neighbouring loans (not just the nearest) as 

we didn’t want to exclude patterns where users borrowed books both above or 

below an index book and on either side. 

 

Fig. 2. Total borrowed books for all collections. Circles represent possible vertical 

browsing. 
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Figure 2 shows co-borrowing over 150 neighbouring books. Beyond 150, loans 

enter a long flat tail. As expected, there are secondary peaks (in all collections): 

most have two, one around the 50-70 mark, the next at 100-120. This suggests 

shelf wrap is c. 60 books, and supports previous evidence [5] that users browse 

‘three shelves’ above and below a target book. 

4.2 Day of the Week Effect 

The literature on both search [35, 36] and academic library usage [40] evidences 

changes in usage between weekdays and weekends; we suspected that the same 

might hold true for browsing. In view of this we examined both the total number of 

loans on each day of the week for busy and quiet days (see Table 2), and compared 

weekdays to weekends (see Table 3). We also compared the prevalence of the 

neighbour effect in N10 against busy days and weekends. 

In a χ2 test of distribution there was clear non-random variance across days of 

the week at p<0.001 for all libraries. For four libraries, the number of N10 loans 

was not consistent with the overall change in loan rate according to day (see Table 

2). In each of those libraries neighbour borrowing was more prevalent on quiet 

days than we would expect, showing a difference in borrowing behaviour: 

browsing is more likely on quiet days. 

Table 2: Busy and quiet days, frequency of loans of the N10 neighbours of each 

borrowed book 
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Cedarville Mon 21.0 374 2466 Sat 6.0 128 834 <0.0001 80.49 

CWRU Wed 20.6 207 2846 Sat 4.8 93 668 <0.0001 26.85 

Dennison Mon 21.0 36 847 Sat 2.4 11 103 0.0110 6.46 

Oberlin Wed 17.8 121 14239 Sun 9.1 71 7329 0.4257 0.63 

ON Tue 21.5 43 4348 Sat 3.6 10 720 0.4424 0.59 

OSU Wed 19.3 317 47603 Sat 5.2 141 12719 <0.0001 25.06 

A χ2 test of distribution of loans between weekends and weekdays showed non-

random variance of the overall loan rate at p<0.001 in every library. Again, for 

four libraries the change in N10 borrowing was not consistent with the overall 

change in loan rate (see Table 3): N10 borrowing was more prevalent at the 

weekend, suggesting more browsing and less ‘grab and go’ borrowing happening 

then.  
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Table 3: Weekends vs weekdays for browsing: overall and neighbour loans 
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Cedarville 93.9 128 834 1484 10902 0.2063 1.60 

CWRU 90.0 199 1364 1079 12329 <0.0001 44.63 

Dennison 91.7 34 351 151 3871 <0.0001 23.39 

Oberlin 75.3 194 1992 487 6073 <0.0001 816.77 

ON 90.3 22 198 155 1846 0.2664 1.23 

OSU 89.2 281 2641 1356 21887 <0.0001 880.79 

Every library studied shows variance in N10 borrowing by day of the week that 

is inconsistent with overall change in loan rate. In each case this is an increase in 

N10 borrowing on a day that is otherwise ‘quiet’. This change suggests altered 

behaviour at the shelves—readers are more likely to browse during quiet times, 

perhaps because they have more time to do so. 

4.3 The Impact of Search 

One key argument against the neighbour effect is that search can account for much 

of it: users find items that are shelved close to each other during search, rather than 

from browsing at the shelf. As described in Section 3.2, we assess the overlap 

between the shelf and search co-borrowing pairs (both title and shared keyword 

searches), and determined for each of these whether books were closer using 

search or browse (Table 4, left hand side).  

While title and keyword search will not account for all possible search 

scenarios, they are the most common methods [24, 38] seen in libraries. In our 

data, search only accounts for a small proportion of shelf-based co-borrowings. 

The argument that search causes co-borrowings is therefore unsustainable. Shelf 

browsing remains the simplest explanation, accounting for more neighbouring and 

more total loans, both by rate and by closeness of the pairs. 

Table 4: Shelf vs loan co-borrowing; search versus browse influence on co-

borrowing 

 

 

 

B
ro

w
se

 p
ai

rs
 

T
it

le
 S

ea
rc

h
 p

ai
rs

 

K
ey

w
o

rd
 s

ea
rc

h
 

p
ai

rs
 

O
v

er
la

p
 

S
h
el

f 
cl

o
se

r 

S
ea

rc
h

 c
lo

se
r 

T
ie

s 

N
ei

g
h

b
o

u
r 

lo
an

s 
 

ex
p
la

in
ed

 b
y

 b
ro

w
se

 

N
ei

g
h

b
o

u
r 

lo
an

s 
 

ex
p
la

in
ed

 b
y

 s
ea

rc
h

 

T
o
ta

l 
lo

an
s 

P
 (

b
ro

w
se

 v
s 

se
a
rc

h
) 

χ2
 (

d
f 

=
 1

) 

Cedarville 374 212 97 95 54 24 17 333 189 1283 <0.0001 40.00 

CWRU 140 71 54 36 28 7 1 132 71 1132 <0.0001 17.89 

Dennison 68 32 40 25 12 5 8 51 22 475 0.0005 10.82 

Oberlin 128 31 37 10 6 3 1 124 51 765 <0.0001 21.12 

ON 46 24 15 11 8 1 2 43 14 200 <0.0001 14.00 

OSU 46 14 6 1 1 0 0 46 13 1071 <0.0001 17.40 

To further test whether search or shelf location was responsible for co-

borrowing, we again took N10 sets and allocated any borrowed neighbours to 

search or browse, whichever formed the nearer pair. To maintain independent sets, 
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ties were discarded. We then tested the search versus browse sets using a single-

tailed 2 test (Table 4 right hand side). The data shows browsing having much 

more influence on co-borrowing than search. Given readers’ penchant for 

convenience [5] this is unsurprising: books co-located on a shelf one is visiting 

require little extra effort, while going to another section of shelving takes 

additional time and effort [37]. 

4.4 Topic boundaries 

We assessed the impact of topic boundaries on neighbouring loans to understand 

the interaction between topic and shelf layout. As described in Section 3, we 

defined three levels of topic boundary: from 3 (at the top level of classification), to 

0. Our first discovery was that, notably, no book within 5 books of a top-level topic 

boundary had ever been loaned in any library. Loan numbers were also low when 

examining level 2 boundaries. We tested this distribution against the nominal 

likelihoods for each boundary, accounting for the number of topic boundaries and 

loan rates in each collection, using a two-factor chi-squared test: see the left of 

Table 5. 

Topic boundaries appear to discourage loans: this may be related to how books 

are shelved close to boundaries: e.g. a level 3 boundary will often begin on a new 

shelf; given that users look less at top and bottom shelves [7, 29] it is not 

surprising that these are disadvantaged. 

Even at the lowest topic boundaries, loans are limited. Dennison and ON have 

such small numbers of nearby loans—43 and 74 respectively—that we excluded 

them from further analysis. For the remaining four libraries we created samples of 

100 loans for which N10 contained either a level-2 or level-1 boundary, then 

counted the number of co-borrowed books in each set (i.e. the total sample book 

count of each type was 1000). A two-tailed Fishers exact test was used to compare 

sets that included a level 1 boundary with sets with level 0 boundaries to see 

whether a topic boundary affects neighbouring loans (Table 5, right); results were 

significant. 

Table 5: Number of loans occurring near classification boundaries at any time 

 Loans near  

L2 

boundary 

Remainin

g loans 
p χ2 (df = 

2) 

L1 

Neighbo

ur Loans 

L0 

Neighbo

ur loans 

p (L1 

vs Lo) 

Cedarvill

e 

52 92092 0 19288.22

0 

6 20 0.000

89 

CWRU 19 248644 0 6340.184 2 18 0.000

4 

Oberlin 28 236920 0 4532.100 1 9 0.021

2 

OSU 78 304510 0 11795.02

6 
0 12 0.000

5 

Denniso

n 
11 57830 0 1209.737 Discounted due to lack of data 

ON 71 36448 0 567.963 Discounted due to lack of data 

Clearly topic, as defined by shelf classification, is an important factor in co-

borrowing: browsers are more likely to co-borrow within topic boundaries than 

across them, and are less likely to borrow near topic boundaries than in the rest of 

the collection. 
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4.5 Summary and limitations 

Clearly this study shares some of the limitations of our earlier work: we cannot, 

from the data we have, prove that a single user is responsible for any co-borrowed 

pair. We are also not privy to users’ motivations or behaviour at the shelf. 

Furthermore we do not have all the metadata required to fully address search; 

having only title data we cannot address author or other metadata. Nonetheless 

keyword searching and title searching are the dominant strategies in book search 

behaviour, and titles represent a linguistically user-friendly corpus [19].  

We have examined different aspects of the neighbour effect to obtain new 

insights into browsing behaviour. Nearest neighbour loans have an overall power-

law distribution. Secondary peaks in neighbouring loans were found at distances of 

50-60 items. Search accounts for some co-borrowings on the shelf, but not most, 

and it plausibly generates its own co-borrowings. Across all our data, shelf-

browsing accounts for more co-borrowings than title search. The amount of 

browsing varies by day of the week in all libraries. Finally, borrowing tends to 

occur within topic boundaries, suggesting that shelf layouts and topic divisions 

influence borrowing patterns. Each of these findings is novel, and represents a new 

understanding of human behaviour that could improve digital library design. 

5. Discussion 

Our findings can be divided into two major themes: the interaction of search, topic, 

and shelf, and the implications of reader context for browsing. 

5.1 Shelf, topic and search 

The dominant information discovery tool in every existing digital library system is 

search. Our data demonstrates, though, that search alone cannot fully meet the 

needs of information seekers. Search explains some co-borrowings in our data, so 

we would argue that it still plays a valuable role, but many more borrowings are 

poorly explained by search and well-explained by browsing. Search is extremely 

well covered by the DL literature (for a starting point see [37]); in contrast there is 

very little work on browsing. The existing work on browsing is very limited in 

terms of proposed solutions, and even where these have been proposed (for 

example [14, 20, 22, 23]) they have not been adequately assessed for their 

effectiveness. Search effectiveness is assessed with standard metrics [37]; similar 

metrics do not yet exist for browsing. Our work demonstrates clearly that DLs 

need to support browsing, most currently do not. 

Our data not only shows a need for browsing systems, it also suggests certain 

key characteristics of such systems. Earlier work suggests browsers check ‘three 

shelves before and after’ a target book—this is something in the range of 200-500 

books. This is considerably more books than are typically shown in search results, 

and an order of magnitude more than is shown in some nascent browsing systems 

[23]. Research on recommender systems has shown that a few ‘unexpected’ 

recommendations improve user experience [39]. It is therefore likely that both 

volume and variety play a role in browsing. 

Topic is another clearly important feature of books: our data shows that co-

borrowing occurs primarily, though not exclusively, within topic boundaries. 

Conversely, both our data and the literature [7, 26] suggest that readers 

occasionally like to see ‘distant’ books. Physical shelves cannot be rearranged to 

meet individual user needs, yet we know rearranging shelves affects book selection 

[41]. Electronic shelves could—and should—leverage topic clustering that occurs 

across the boundaries of traditional classification schemes to ‘rearrange the 

shelves’ to aid discovery; the literature suggests this is likely to be useful [33]. The 
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underlying data already exists within classification schemes [31], but no DL 

system has yet offered readers these options. Similarly DL systems could leverage 

topic classification schemes to offer readers a very few different-but-interesting 

books based on topic data: this approach would mimic the physical shelves, but, 

being data driven, would offer a higher chance of success. 

5.2 Reader context 

It is clear from our data that browsing, like search [35], is affected by day of the 

week. The way in which co-borrowing is affected by day of the week—increasing 

on quiet days, weekends, or both—suggests that reader context has a significant 

impact on browsing behaviour. This dovetails with earlier work: students report 

staying longer in the library when they do not have to rush to class [40], and 

academics report searching the catalogue inside the library when they are looking 

for inspiration, and outside the library when they are in a rush [6]. Similarly 

browsing the shelves [1, 6, 7] and serendipitous discovery [13] are activities that 

require time and attention, which, when a searcher is meeting an urgent 

information need, may not be available. This context-dependent approach to 

browsing has significant implications for DL design: users need to be able to ‘grab 

and go’ [7] when it suits them, but browsing facilities should be a visibly tempting 

way for users to spend any extra time they have. 

6. Conclusions and Future Work 

Not all who wander in libraries are lost: the library shelves afford browsing and 

serendipitous discovery in ways that simply do not exist in current DL systems. 

Our data demonstrates clearly that shelf arrangement and reader context—and thus 

browsing—have a clear impact on borrowing that cannot be explained by search. 

To be truly effective information resources, DL systems need to facilitate 

browsing; the literature shows that DLs are not meeting readers’ needs in this 

space. Our data further points to clear design implications: it is not enough to offer 

users a small number of books (as, for example in search results). The neighbour 

effect extends above and below a target book, as well as to the left and right—a 

range of over 200 books. Browsing systems also need to be optional: browsing 

happens under different circumstances to search, and users must be able to engage 

in the most appropriate information seeking strategy for their context. If they have 

time, they should be visibly tempted to linger and browse; if they do not, ‘grab and 

go’ should be an option. 

Browsing is not just a necessity for DL systems, it is also an opportunity. DL 

systems have the potential to offer features that cannot exist in the library shelves: 

shelves can be rearranged to reflect cross-classification topic clustering, for 

example. DL systems have the power to offer readers new and exciting paths to 

wander, and must leverage that if they are to provide adequate user experience. 

Our study, of course, does not answer all (or even most) of the questions about 

browsing. To determine how much browsing occurs that does not result in loans, 

and what users motivations are requires a different kind of study; these questions 

remain future work. 
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ABSTRACT 

Many readers claim that the uptake of ebooks by libraries 

hampers their information seeking by not affording them 

the opportunity to browse. Conversely, readers value the 

convenience of anywhere-anytime access offered by 

ebooks. This paper aims to examine the impact of book 

format on borrowing patterns across a book collection. 

We do this by comparing usage in print and ebook 

collections from the same library, thus ensuring the same 

user population and the same discovery system. We 

discover a number of key differences, including 

borrowing frequency and number of books borrowed on a 

single occasion. 

Author Keywords 

Libraries, books, ebooks transaction log analysis, 

browsing, information seeking. 

ACM Classification Keywords 

H5.m. Information interfaces and presentation (e.g., 

HCI): Miscellaneous.  

INTRODUCTION 

Library collections are increasingly moving online, 

especially in academic libraries (Cooksey 2004). This has 

many advantages for users, ebooks are searchable, 

accessible anywhere and anytime, and cannot be 

misshelved or lost (Rowlands et al. 2007). Despite these 

advantages, many users claim to prefer print: reasons 

given include eyestrain (Shelburne 2009), difficulty 

navigating within ebooks (Liesaputra et al. 2008), and not 

dealing with the unpredictable behaviour of books 

affected by digital rights management (DRM) software 

(Marshall 2010). There is one further reason given for not 

liking ebooks, though, and that is the subject of this 

paper: users note that they prefer not to use ebooks 

because they cannot browse library shelves to find them 

(Makri et al. 2007; Hinze et al. 2012). 

Browsing is an important part of the library experience, 

and one that many users recognize is not replicated in any 

online system (Makri et al. 2007). A number of studies 

have shown that around 50% of academic library users 

browse (Rowlands et al. 2008); (Kleiner et al. 2013), and 

that browsing increases the number of books borrowed, 

and that books shelved close together are borrowed 

together (Hancock-Beaulieu 1993; Losee 1993; McKay et 

al. 2014). 

There is an increasing body of literature on how readers 

browse and choose print books (Reutzel et al. 1998; 

Hinze et al. 2012), and some studies comparing overall 

usage of print and ebooks (Littman et al. 2004; 

Christianson et al. 2005). Thus far, however, no-one has 

yet examined how readers select ebooks. It is similarly 

unclear whether the search-dominant tools on offer for 

ebook seeking affect selection behaviours. In this paper, 

we both examine ebook borrowing patterns, and compare 

these to print book borrowing patterns in the same library. 

Our aim is to understand the influence of book format and 

information seeking interfaces on book selection 

behaviour. We extend the usage log analysis techniques 

we created in earlier work (McKay et al. 2014; McKay et 

al. 2015) for print books to generate an understanding of 

both print and ebook use in our test collection. 

Understanding the differences between print and ebook 

provides cues as to how physical and digital library 

design affects borrowing, and is likely to provide insight 

into user needs for ebook or combined libraries moving 

forward. It is clear that the ability to browse affects 

borrowing patterns, but what about ebook constant 

availability, and conversely their lack of browsing 

facilites? In this paper we examine print and ebook 

borrowing patterns to understand reader needs and 

interaction patterns, and draw lessons for library design. 

The remainder of this paper is divided up as follows: first 

we will discuss literature related to our work, next we will 

outline our methodology. Following these two sections 

we will present results, and then we will discuss these 

results in relation to the literature. Finally we draw 

conclusions and point to avenues for future work. 

RELATED WORK 

This study brings together a range of literature on 

information interaction, which we examine in this section. 

First we cover the literature comparing print and ebook 

use and interactions. Next we discuss the literature on the 

use of physical libraries, and the impact of this physical 

space on book selection. Finally we address the literature 

on information seeking generally and browsing 

specifically, as this is the primary interactive strategy that 

is not currently supported in online reading [redacted]. 

Print and Ebooks: Are They the Same? 

There has been considerable speculation that the move to 

ebooks will mean the end of deep reading and academic 

study as we know it (Cooksey 2004; Cull 2011). What is 

1.  
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the evidence, though? Can these statements be supported, 

and how do readers feel about the issues? 

In an early comparison between print and ebook 

circulation of the same books (Littman et al. 2004), it was 

discovered that ebooks were used slightly more than print 

books, but that both were used. Interestingly, this study 

demonstrated that ebooks were slightly more likely to be 

used in specific subject areas: computing, education, 

medicine and psychology. All other discipline areas 

showed a prevalence of ebook use. The results are in 

contrast with a contemporaneous study, which shows a 

slight prevalence of print use in a pairwise comparison, 

though again this is discipline dependent (Christianson et 

al. 2005). This subject differential is further supported by 

(Rowlands et al. 2007), where computer scientists were 

more likely to be accepting of ebooks. 

User studies comparing print and ebooks show that 

readers value print and ebooks for different features and 

in different contexts. Ebooks are valued for convenience 

of access, searchability, copying, and not taking up space 

or weight (Hernon et al. 2007; Rowlands et al. 2007; 

Marshall 2010; Li et al. 2011). Conversely users are 

frustrated by navigation within ebooks, poor or non-

existent annotation capacity, and the restrictions imposed 

by DRM (Shelburne 2009; Marshall 2010; Pearson et al. 

2010). When given a choice, readers tend to prefer print 

books for deep reading for reasons of eyestrain and 

usability (Pearson et al. 2010; Hinze et al. 2012), however 

they prefer ebooks when ‘on the move’(McKay 2011; 

Thayer et al. 2011). Many readers also mentioned the 

selection experience of print books in their decision 

making: they like the opportunity to browse the shelves 

and discover resources serendipitously (Stelmaszewska et 

al. 2004; Blandford et al. 2006; Makri et al. 2007; McKay 

2011; Hinze et al. 2012). Some readers even gave 

wanting to browse as a reason for avoiding ebooks (Makri 

et al. 2007; McKay 2011; Hinze et al. 2012). 

When we examine decision making about individual 

books, print and ebooks show similar patterns: cover, 

table of contents, index and images are used in both (Berg 

et al. 2010; McKay et al. 2012b). There are two 

fundamental differences, though: users struggle more to 

navigate within ebooks (Malama et al. 2004), and when 

ebooks have errors (such as missing or ‘broken’ table of 

contents) readers are more likely to act as though they are 

confused (McKay et al. 2012a). Some of the issues 

readers face with navigation can be demonstrably 

ameliorated by presenting ebooks in a realistic format, 

where visual cues as to book size and page location 

support navigation (Liesaputra et al. 2008). 

Finally readers show reading comprehension differences 

between print and ebooks. Early research showed 

significantly poorer reading performance on screen than 

in print (Dillon 1992), though more recently these 

differences seem to have been largely ameliorated 

(Margolin et al. 2013). The one difference that 

demonstrably remains is the ability to remember the order 

of events within book narrative (Mangen et al. 2014). The 

physical affordances of print books support sequential 

memory, though, so this finding may be of limited 

significance. 

Ultimately, readers use ebooks in different contexts and 

environments from print books (Thayer et al. 2011), and 

value them for different features. Overall, print books 

seem to be more usable than ebooks (Pearson et al. 2010; 

Kostick 2011), and users prefer them (Shelburne 2009; 

Woody et al. 2010), though this may be a result of 

technology maturity in print. It is clear that format can 

affect information use: reading comprehension may be 

better in print than ebooks. When it comes to selection 

readers use similar bibliographic features to select books 

at the book level. What we do not know, however, is 

whether format affects selection and use at the collection 

level nor do we understand how users choose ebooks. 

This paper investigates those questions.  

Information Seeking and Browsing 

Early models of information seeking are semi-linear, 

though the two major ones (Marchionini 1995; Kuhlthau 

1999) include searching and browsing as interleaved and 

repetitive activities. Since these early models, search has 

received significant research attention, and is relatively 

well supported in most information seeking interfaces 

(Baeza-Yates et al. 1999). In contrast, the activity labelled 

‘browsing’ in these early models has been largely 

neglected in the research literature. Part of this neglect 

has undoubtedly been because the activities that comprise 

browsing are relatively unfocused, and include collection 

understanding, serendipitous discovery and search 

refinement and expansion. Later models of information 

seeking (McKenzie 2003; Foster 2004) concentrate more 

on these less-focused activities, recognising that in human 

information seeking search is a tiny part of a complex 

whole. 

It is clear, then, that browsing is a common part of human 

information seeking, but what does it mean to browse? 

Bates, who wrote the seminal work on online browsing 

(Bates 1993), later wrote a research-heavy definition of 

browsing: seeing a large and varied scene, and 

sequentially examining objects within it while the scene 

remains visible in the background (Bates 2007). Given 

this definition, it has been noted that library shelves are 

ideally suited to browsing (Kleiner et al. 2013)—and that 

they have no electronic equivalent (Makri et al. 2007). 

Our earlier work (McKay et al. 2014; McKay et al. 2015) 

supports this notion, and further demonstrates that a 

simple search result presentation is inadequate for 

information seekers needs: browsing accounted for 

significantly more borrowing than search, and readily 

accounted for borrowings within a range of 200 books 

(McKay et al. 2015). Typical search systems show many 

fewer than 200 results on a page, and users must navigate 

away from a results list to examine any item in detail. 

Given the discrepancy between information seeking 

models and information interfaces, there is a noted need 

for more and better browsing systems in the literature 

(Mikkonen et al. 2012; Joranson et al. 2014). These 

systems are beginning to appear as research prototypes 

(Thudt et al. 2012; Kleiner et al. 2013; Pearce et al. 
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2014), and also as commercial tools5, but no approach so 

far has been grounded in browsing research, nor has any 

approach been thoroughly evaluated from a user 

perspective. 

This paper examines the impact of a browsing system (i.e. 

the library shelves) on book use in contrast with a more 

convenient option (ebooks) that offer no browsing 

capabilities. We know that convenience is often a key 

driving factor in information seeking (Tenopir et al. 2009; 

Connaway et al. 2011), but does the opportunity to 

browse, much loved by readers, trump the effect of 

convenience? Under which circumstances do readers 

access more information? This paper aims to address 

those questions. 

Print Books and the Shelves 

A number of studies of physical libraries have shown that 

shelf browsing is part of the behaviour of users (Hancock-

Beaulieu 1993; Losee 1993; Stelmaszewska et al. 2004; 

Blandford et al. 2006; Makri et al. 2007; Hinze et al. 

2012). Readers like to browse (Stelmaszewska et al. 

2004; Blandford et al. 2006; McKay 2011; Hinze et al. 

2012), and experienced library users understand that there 

is no comparable online system (Makri et al. 2007). It 

may be that part of the fascination with browsing is 

historically poor catalogue systems (Borgman et al. 1995; 

Borgman 1996), however users cite a number of 

advantages of browsing that no typical catalogue 

currently emulates. These advantages include the use of 

non-bibliographic relevance cues such as book size and 

dust (Stelmaszewska et al. 2004), the ability to sample 

books before committing to them (Hinze et al. 2012), co-

location of similar books (Makri et al. 2007; McKay 

2011) and the opportunity to experience serendipity 

(Stelmaszewska et al. 2004; Hinze et al. 2012). 

Nonetheless there are disadvantages to physical shelves: 

books can be missing or lost (Blandford et al. 2006), 

readers examine eye-level shelves more frequently (Hinze 

et al. 2012) and visiting the library is inconvenient 

(Stelmaszewska et al. 2004; Hinze et al. 2012). The 

ebook collection in our study has no structure analogous 

to a shelf; no study to date has attempted to examine 

whether the existence of a shelf affects either borrowing 

patterns or the amount of information readers access. This 

paper addresses that gap. 

METHODOLOGY 

The work presented in this paper builds on the 

methodology presented in our earlier works on browsing 

physical libraries (McKay et al. 2014; McKay et al. 

2015). The first of those works uses the relative shelf 

location of books borrowed on the same day to 

demonstrate that books are borrowed in clusters based on 

physical location (a result also seen on a much smaller 

scale in earlier work (Losee 1993)). These works also 

demonstrate variances in reader behaviour based on 

context: there is more browsing-like behaviour seen on 

weekends, for example.  

                                                           
5 See e.g. WhichBook www.openingthebook.com/whichbook/ 

This paper extends our earlier methodology by including 

both print and ebooks from the same library collection. 

The collections in this study accessed by the same broad 

user population and have broadly similar topic coverage 

(see Figure 1), ameliorating user population and 

discipline effects on behaviour. The collections are also 

accessed through a single web-scale search interface, so 

the impact of search behaviour and search results 

presentation is not at issue. Finally, for each collection we 

have anonymous but persistent user identification, so we 

are able to examine the borrowing patterns of individual 

users.  

 

Figure 1: Subject distribution of each collection 

The library in this study is the main campus library of 

Swinburne University of Technology, a small, research-

active university in Australia. The data analysed here is 

from a four month period in mid-2013. 

The remainder of this section will describe the print and 

ebook collections in detail, then discuss the tests we 

performed on this data. 

The print collection 

The print book collection is taken entirely from the main 

campus library at Swinburne in line with our previous 

approach (McKay et al. 2014). The raw data for this 

collection was in two files: a listing of all books and other 

print available in the library and loans data for the test 

period. The book listing included items in special 

collections that were shelved separately from the main 

collection, these items were removed and the Dewey 

decimal numbers converted to a standard format for easy 

matching and sorting. The resulting data was sorted by 

shelf order using Dewey numbers. The loans file included 

short term loans, renewals and equipment loans; all of 

these were removed leaving only standard loans from the 

main collection. Each loan records a user ID, a book title, 

a Dewey number, and a date. As with the shelf file, 

Dewey numbers in this dataset were normalized. 

The ebook collection 

The ebook collection is books from a single ebook 

provider used by the same library that houses the print 

collection. This provider was chosen because it provides 

significantly more detailed usage data than the other 

providers Swinburne uses.  

Again, the dataset was in two files. The library file 

described each ebook available to readers with at title, a 

book ID, one or more Dewey numbers and a subject 

classification. We again normalized the Dewey numbers 

for sorting (removing any duplicates that were merely 

substrings of more specialized numbers), and created a 
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sorted shelf (as we did for print books). Books with more 

than one Dewey number were marked as duplicates and 

recorded in all shelf locations where they could appear. 

This reflects a major advantage of ebooks for potential 

browsing: they are not tied to a single physical location. 

The loans file includes for each loan a date and time, an 

ebook ID and title, a user ID and call numbers. Call 

numbers in the loans file were normalised in the same 

way as they were in the library file. 

What does it mean, though, to ‘borrow’ an ebook? Ebook 

providers usually allow readers to examine a small 

sample of a book before imposing a cost on the library; 

that is the model in use here. Once readers read more than 

a certain number of pages, print any material or copy 

material, they are asked to click to create a loan. Once 

created, this loan persists for 24 hours. It is data about 

these loans that we compare to print borrowing. 

Loan sessions 

Using the cleaned and normalized loan data described 

above, we created a list of loan sessions for both print and 

ebooks. A ‘loan session’ is the borrowing of one or more 

books by the same user on the same occasion. Given the 

differences in underlying data the ‘on the same occasion’ 

is defined slightly differently for ebooks and print 

books—for print books it is books borrowed on the same 

day (the lowest granularity in the data) and for ebooks it 

is a series of loans where the next book is used within 30 

minutes of the end of the previous use. We tested a range 

of usage periods—lengthening the gap between books 

from 30 minutes to 3 hours made a smaller than 1% 

difference in the split between multiple and single book 

borrowing. The differences in session definition also 

reflects the natures of print and ebooks—print books are 

checked out all at once, to be taken away and read later, 

ebook loans are created during use and readers are likely 

to continue to read after they create a loan. For each loan 

session we recorded the user, the date and time, the 

number of books, and for each book in a session the title 

and call number. We also examined, for print and ebooks, 

the number of unique books borrowed by users: given 

that ebook ‘loans’ only persist for 24 hours, it seems 

likely that some repeat loans will be of the same book. 

Day of the week effect 

There is a long standing and known variation in 

information seeking patterns according to day of the week 

(Sanderson et al. 2007). Knowing that ebooks are 

accessible anywhere and anytime, and print books only 

from the library, we calculated both the number of books 

borrowed on each day of the week and the number of loan 

sessions for each day of the week to see if the ready 

accessibility of ebooks resulted in different borrowing 

patterns from print books 

Shelf distance and physical proximity 

To determine the likely prevalence of physical 

browsing—and whether this influences loan patterns in 

physical books in comparison with ebooks—we 

examined the ‘shelf distance’ between books borrowed in 

a single session. It is our hypothesis that ebooks will 

show a shorter-than-random shelf distance, due to topic 

clustering of co-borrowed books—after all, Dewey is a 

semantic addressing system (Svenonius 2000)—will 

show a shorter distance again. This disparity seems likely 

to occur as a result of users physically seeing useful 

books on the shelves and borrowing them without 

discovering them in search. 

For the print books we sorted all books in a session in 

shelf order, then calculated the distance in number of 

books between each adjacent pair. For ebooks, given they 

can have more than one call number, we calculated the 

shortest distance between pairs (to assume this property 

helps users rather than hinders them). Sometimes this 

resulted in a shelf configuration that would be impossible 

physically; this is the potential advantage of ebooks, and 

we allowed it to stand. 

User behaviour 

The literature suggests that around 50% of print book 

users are ‘browsers’ (Hancock-Beaulieu 1993; Losee 

1993; Kleiner et al. 2013). We wanted to test this number 

in our print book collection, to see whether there were 

any users who showed similar tendencies in the ebook 

collection, and to determine whether there were different 

patterns between the two. To this end we calculated for 

each user the number of sessions and books they 

borrowed, the number of sessions where they only 

borrowed a single book and the number of sessions where 

they borrowed more than one book. Using this data users 

were classified as either exclusively single borrowers, 

exclusively multiple borrowers, or mixed strategists. 

Unfortunately we cannot determine whether the same 

user exhibits different behaviour according to format, as 

the print and ebook loan systems use different user IDs. 

RESULTS 

In this section we examine basic statistics about each 

collection; then examine a number of aspects of 

borrowing patterns in turn: day of the week loan patterns, 

the number of loan sessions and co-borrowings, “shelf” 

browsing patterns and pair distances, and finally a 

comparison of user behaviour between the collections. 

Summary statistics 

As we can see in Table 1, usage behaviour differs 

significantly between print books and ebooks: there are 

many fewer ebooks than print books, but there are many 

more loans, and many more borrowers. The number of 

books used per session is also noticeably different 

between ebooks and print books: the vast majority of 

ebook sessions involve the use of only one book, whereas 

around one third of loan sessions involve more than one 

Table 1: Summary of usage, print and ebook collections 

 Print books Ebooks 

Number of books 114937 15692 

Number of loans 7523 12800 

Number of loan sessions 4540 11900 

Number of multiple loan-sessions 1488 900 

Number of books borrowed in 

multiple loan sessions 

4470 1997 

Per-day loan rate in books 61.66 113.90 

Mean books per session (S.D) 1.66(1.04) 1.09 (0.36) 

Median books per session 2 1 

Max of books in a session 21 8 

Number of unique borrowers 2725 4986 
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print book. Multiple-borrowing sessions account for 

about 60% of all print books borrowed, a pattern that is 

not seen in ebook loans. 

Day of the week 

There is clear evidence of a day of the week effect in 

earlier literature on information seeking (Sanderson et al. 

2007); an effect demonstrated for print books in our 

earlier work (McKay et al. 2015). Obviously some of the 

weekend effect in print borrowing is a result of library 

opening hours, an effect we would not expect to see with 

ebook borrowing—the perennial availability of ebooks is 

one of their stated advantages (Shelburne 2009). We 

compared ebook and print loans by day of the week 

throughout the study period, see Figure 2. 

 

Figure 2: Books borrowed by day of the week and type 

When comparing both the number of print books 

borrowed each day and the number of ebooks borrowed 

each day to random distribution using a χ2 test, the results 

are statistically significant at p<0.0001 (print books 

χ2=1228.045, df=6, ebooks χ2=373.762, df=6). Similarly, 

when we compare ebook usage to print book usage the 

difference in distribution is significant (p<0.0001, 

χ2=1048.543, df=6), showing that the ways in which print 

and ebooks are used are different: the distribution is not 

just down to when people study more generally, for 

example. These differences begin to build a picture of 

user behaviour that varies according to book format. It is 

likely, as noted earlier, that lower rates of print borrowing 

at weekends are due to shorter library opening hours and 

lack of classes (meaning students are not on campus). In 

contrast ebook loans increase at weekends, particularly on 

Sundays: this is likely due to the physical library being 

closed immediately before assignments are due on 

Monday mornings. 

Loan sessions and co-borrowings  

Now that we understand that behaviour varies according 

to format, we turn our attention to the proportion of all 

loan sessions (single instances of borrowing that 

incorporate one or more books) that include more than 

one book. The distribution is shown in Figure 3. 

A much higher proportion of print book sessions than 

ebook sessions included more than one book (p<0.0001, 

χ2=1868.448, df=1): ebooks are almost invariably 

borrowed alone, while about 60% of all print books are 

borrowed in groups. When we look at the print book data 

more closely than Figure 3 allows, it becomes apparent 

that there is an artificial cut-off at ten books—many users 

borrowed nine or ten books at a time, but beyond this 

multiple borrowings were rare. This might reflect library 

rules about the number of books one can borrow at time, 

but there is another limit in play: the weight of physical 

books limits the number a user can physically carry 

(McKay 2011; Hinze et al. 2012). Even with these 

limitations, though, physical books are considerably more 

likely than ebooks to be borrowed with other books  

 

Figure 3: Number of books borrowed per loan session 

Shelf or topic clustering of co-borrowed books 

Ultimately shelf co-location in a physical library 

represents topic similarity (Svenonius 2000), a feature 

recognised and leveraged by savvy users (Makri et al. 

2007; Hinze et al. 2012). Shelf browsing is a feature of 

physical libraries that users value highly (Makri et al. 

2007; Hinze et al. 2012); but it remains an open question 

whether (for example) catalogue search results result in 

similar clustering. 

It is already apparent from our results that ebooks are 

borrowed in groups less frequently than print books, but 

when they are, do they demonstrate the same topic 

clustering? To test this we examined each group of co-

borrowed books. We sorted each group by Dewey 

number then counted the number of books between 

adjacent pairs. Given that ebooks can have more than one 

call number (see the methodology section), we always 

assigned the shortest possible distance between pairs—in 

an online environment it is possible to rearrange virtual 

shelves to reflect user interest, so our test reflects this 

advantage. 

To test whether shelf browsing has an impact on 

borrowing behaviour, we started with the random 

hypothesis—random pairs would be about one third of 

the collection apart. We then tested our data against 

random distribution (half of all pairs would be more than 

one third of the collection apart) using a χ2 test. See 

Table 2 for results: 

Looking at Table 2, there is topic clustering by Dewey in 

both print and ebook collections, however on first glance 

it appears stronger in the print collection (note that the 
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Table 2: Distance between co-borrowed pairs 

 Print books Ebooks 

Number of pairs 2983 1097 

Mean distance 

(s.d.) 

5785.73 (16133.75) 2544.79 (3798.71) 

Median distance 56 712 

Significance over  

random 

p<0.0001, 

χ2=2281.246, df=1 

p<0.0001, 

χ2=398.287, df=1 
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larger mean in the print collection reflects a larger 

collection size). We tested this using a one-tailed Fisher’s 

Exact test; the results were significant at p<0.0001, 

demonstrating that tighter topic clustering in the print 

collection than the ebook collection. This, given the 

existence of actual physical shelves, is as we would 

expect—the topic clustering in ebooks can only be 

explained by search, but print books have two 

opportunities to be co-discovered (searching and 

browsing). It may be that this tight clustering in print 

books reflects mere opportunism, or it may be that users 

of ebooks are merely using books they can find, and more 

closely related books that they did not find in search 

would have met their needs better. It is a disadvantage of 

using log analysis that we cannot know how satisfied 

readers were with the books they found. What we do 

know, though, is that this data reflects earlier work on the 

use of libraries: one of the reasons readers choose print 

collections is precisely this opportunity to browse 

(Stelmaszewska et al. 2004; Makri et al. 2007; McKay 

2011; Hinze et al. 2012). 

Individual User Borrowing Patterns 

Unfortunately, as noted in the methodology section, we 

cannot track user behaviour between print and ebooks. 

We can describe the behaviours seen in each collection, 

however, particularly noting the presence or absence of 

borrowing multiple books in a session. 
 Print books Ebooks 

Total unique users 2725 4984 

Exclusively single loans 1675 4304 

Exclusively multiple loans 621 128 

Mixed 382 552 

Mean sessions per user (s.d.) 1.67 (1.39) 2.58 (2.66) 

Median sessions per user 1 2 

Mean total books per user (s.d.) 2.76 (3.54) 3.38 (4.01) 

Median total books per user 2 2 

Mean unique books per user (s.d) 2.66 (3.23) 3.12 (3.54) 

Median unique books per user 2 2 

Table 3: User behaviour across all users 

Clearly ebook users, while they borrow fewer books per 

session (see Table 3) are more likely to visit multiple 

times. This difference is also borne out by the maximum 

number of visits by any user—for the ebook collection it 

was 43, or one every third day, whereas for the print 

collection it was 30—roughly three quarters of the 

number of ebook sessions. Print book users are more 

likely to visit the library only once, but borrow more 

books on that visit. The difference in strategies—single 

loan only vs. multiple loan only vs. mixed—is 

statistically different between ebook users and print book 

users (p<0.0001, χ2=1463.362, df=2). 

Table 4: Borrowing strategies for multiple visiting users 

 

When we examine only those users who have multiple 

sessions on record (and therefore have the opportunity to 

employ a mixed strategy) the proportions of users in each 

behaviour pattern (single loan only, mixed strategies, 

multiple loan only) look quite different (See Table 4). 

Among ‘regular’ users of the physical library, the number 

who always or sometimes borrow more than one book 

begins to look very like the 50% of users who claim to or 

are seen to browse in other print collections (Hancock-

Beaulieu 1993; Kleiner et al. 2013; McKay et al. 2014). 

The ebook collection on the other hand has very few 

users demonstrating ‘browsing’ behaviour: this suggests 

that either ebook access methods do not facilitate 

browsing; browsers do not use ebooks, or both. Again, 

the difference in patterns between print and ebooks is 

significant (p<0.0001, χ2=1472.210, df=2). 

Potentially more interesting is the number of unique 

books per user: with a short loan period and high 

convenience, it seems plausible that ebooks are more 

likely to be loaned repeatedly by the same reader than 

print books. There are no significant differences in the 

number of total and unique books per reader for either 

print or ebooks, though re-borrowing is more common in 

ebooks than print books. Even with this higher rate of re-

borrowing though, readers access more unique ebooks 

than print books (Mann-Whitney, U=14163370.5, 

n1=4984, n2=2725, p<0.01). Clearly convenience trumps 

browsing opportunity when it comes to promoting 

borrowing, however as we will discuss below, readers 

should not need to choose between these features. 

DISCUSSION 

Perhaps the most striking difference between ebook and 

print book usage in this study is the difference in 

borrowing strategies: the ebook collection sees frequent 

visits with single books borrowed each time, whereas the 

print book collection sees rarer visits with larger numbers 

of books borrowed in a session. This dichotomy is also 

seen between user groups—ebook users are very likely to 

employ the ‘grab-and-go’ technique seen in (Buchanan et 

al. 2011) (though not in (Hinze et al. 2012)), and very 

unlikely to use a mixture of strategies. In contrast while 

‘grab-and-go’ is common in print books, mixing 

strategies and exclusively borrowing multiple books is 

more common. Ebooks are more likely to be used at 

weekends, print books during the week. Print books are 

borrowed in tight Dewey clusters, whereas ebooks show 

some subject relationships but are clustered more loosely. 

It is clear that convenience is a factor in accessing 

ebooks—they are borrowed around the clock, and more 

frequently when the library is closed. This reflects 

readers’ commentary on ebooks in previous literature 

(Rowlands et al. 2007; Shelburne 2009; Li et al. 2011), 

and our understanding of the role of convenience in 

information seeking (Connaway et al. 2011). This paper 

is, to our knowledge, the first confirmation of the 

convenience of ebooks based in usage data. 

In contrast to ebooks, we know readers find print books 

in libraries inconvenient to access (Stelmaszewska et al. 

2004; Blandford et al. 2006), but that many readers 

 Print books Ebooks 

Number of users with 

multiple visits 

927 2563 

Exclusively single loans 382 1997 

Exclusively multiple loans 118 14 

Mixed 427 552 
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embrace the opportunity to browse the shelves 

(Stelmaszewska et al. 2004; Blandford et al. 2006; Makri 

et al. 2007; McKay 2011; Hinze et al. 2012). As we 

would expect, our data shows that shelf location does 

influence borrowing, and confirms that print books are 

more likely to be borrowed in groups. Multiple borrowing 

is likely to be due to a combination of serendipitously 

discovered resources, and readers attempting to maximise 

the value of an (inconvenient) trip to the library 

(Stelmaszewska et al. 2004; Makri et al. 2007). 

What would an ideal user experience look like, given 

what we know about the usage of different collections? It 

seems almost certain that readers borrowing ebooks have 

a limited understanding of what is actually available to 

them, given that there are no shelves or other mechanisms 

for collection understanding in place. Conversely readers 

may not be finding the best resource for their needs 

because it is on the shelves and the library is closed, or it 

has been checked out when they have the opportunity to 

browse (Blandford et al. 2006). It seems likely that the 

best solution for users is the convenience of ebooks with 

support for browsing behaviour to meet their information 

seeking needs. Online browsing would facilitate 

collection understanding and serendipitous discovery 

(Kuhlthau 1999; Makri et al. 2007), and potentially 

support readers in finding better information resources 

than search alone (Cooksey 2004). It should also support 

the things readers currently value about browsing—the 

use of non-bibliographic relevance cues and the ability to 

dip in and out of books, for example (Stelmaszewska et 

al. 2004; Blandford et al. 2006; Makri et al. 2007; 

Marshall 2010; Hinze et al. 2012). 

Online browsing is not merely an imperative, it could 

better support readers than the physical shelves. Our 

ebook data shows that readers find books that would be 

distant on physical shelves relevant to a single 

information need, a finding that is supported by early 

work on borrowing (Losee 1993). Given that electronic 

shelves can be rearranged to support information seeking 

in a way that centres readers’ interests and electronic 

books are never missing from the shelves (Marshall 

2010), online browsing presents opportunities for 

significant user experience gain over traditional shelves. 

While our understanding of how to provide this browsing 

online is currently limited, there is little doubt that to do 

so would be fruitful for readers. 

CONCLUSIONS 

In this paper we have examined borrowing patterns in a 

print collection and an ebook collection, and discovered 

that they are quite different. While we cannot tell which 

readers in our study were accessing books in both 

formats, we can speculate on their behaviour using each 

format. 

The ebook collection sees repeated ‘grab-and-go’ 

borrowing of single books, perhaps a reflection of the 

convenience of accessing the ebook collection anywhere 

and anytime, perhaps reflecting the near impossibility of 

browsing. Print books were considerably more likely to 

be borrowed in a multiple-loan session than ebooks, 

showing that users stock up when they visit the library in 

person. When looking at books used in a single session, 

there is considerable clustering along a topic based ‘shelf’ 

with ebooks, but this clustering is much closer with print 

books, suggesting the physical shelf (and thus browsing) 

does affect borrowing patterns. Readers used a slightly 

greater number of unique books in the ebook collection 

than the print collection, showing that convenience has an 

edge over the ability to browse when it comes to actually 

accessing information. This finding is in contrast with the 

literature showing how much readers enjoy and rely on 

browsing. Ultimately readers should not have to choose 

between browsing and convenience: a good online 

information experience would afford browsing as well as 

convenience, rather than instead of it. How best to 

provide the browsing facilities readers need remains a 

question for future work. 
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5. STUDY 2: BROWSING BEHAVIOUR AND READER 
PERCEPTIONS 

The purpose of this study was to determine what physical behaviours and strategies make up 

library shelf browsing. Library shelf browsing was selected as an example activity because—as 

mentioned in the literature review—given Bates’ definition of browsing (Marcia J Bates, 2007), 

the library shelves are a near-perfect browsing engine (Kleiner et al., 2013). 

Further, study 1 demonstrated that proximity on the library shelves leads to books being 

borrowed in concert by the same reader, however we cannot, from a statistical analysis, 

determine what actions readers took to select these books. We have every reason to suspect, 

given the existing literature on library shelf use, that readers will be satisfied with their 

experiences at the library shelves (Blandford et al., 2006; Makri et al., 2007). There are a 

number of elements of the experience that could possibly be improved, though including 

missing or checked out books (Blandford et al., 2006), books on the same topic shelved in 

more than one location (Losee, 1993), becoming physically lost in the stacks (McKay & 

Conyers, 2010), and being tempted by serendipity during a time when focus is needed (Waugh 

et al., 2017). 

There are a number of gaps in our understanding of browsing. The first is what physical 

behaviours readers engage in while they are browsing: Reutzel and Gali generated a 

descriptive framework for children (Reutzel & Gali, 1998), but the work to create such a 

framework for adults is limited. We know that children and adults behave differently during 

information seeking, so relying on descriptions of children is unlikely to offer insight into how 

to design systems for adults (Borgman et al., 1995). Kwasnik, Marchionini and Rice have each 

described some adult behaviours, but their lists are not exhaustive and only Kwasnik’s work is 

empirically grounded (Kwasnik, 1992; Marchionini, 1997; Rice et al., 2001). Moreover, the 

most recent of these descriptions comes from 2001, prior to the advent of next-generation 

library search (Sadeh, 2007) which may—as early OPACs did (Hancock-Beaulieu, 1993b)—have 

transformed physical behaviour in libraries. 

The second gap is an overview of browsing strategies. Broder’s search strategies revolutionized 

our understanding of search and search interfaces; it was clear that searchers would need 

different interfaces for different task types (Broder, 2002). While some very early literature has 

attempted to address browsing strategies (Apted & Choo, 1971; Celoria, 1969; Herner, 1970), 

there is little empirical work in this space. Rice and Chang present the only attempt at a 

browsing taxonomy based on empirical data (Rice et al., 2001), but this data was gathered in 

1991, the early days of OPACs and before the widespread use of the internet. Further, their 

taxonomy is largely based on individual behaviours, rather than overarching goals and 

strategies. There is no work equivalent to Broder’s taxonomy that can guide the development 

of browsing interfaces 

5.1 APPROACH 
The work presented in this section was comprised of two studies: an observational study and 

an interview study. These studies were conducted over two libraries, and addressed both what 

physical actions browsers were taking, and what their overall information goals were. The 

observational study had 31 participants over two libraries, the interview study (which was 



59 
 

intended for triangulation) had 13. Data was analysed using a qualitative approach akin to 

grounded theory. 

5.2 OUTPUTS 
This study generated two outputs. The first is a paper describing a typology of physical 

browsing behaviours published as ‘Manoeuvres in the Dark: Design Implications of the Physical 

Mechanics of Shelf Browsing’. The second is a descriptive framework of overarching browsing 

strategies that has been accepted to publication in the Journal of the Association for 

Information Science and Technology, where it is under revisions following peer review. It is 

called ‘The things we talk about when we talk about browsing: an empirical typology of library 

browsing behaviour’ 

5.2.1 MANOEUVRES IN THE DARK: DESIGN IMPLICATIONS OF THE PHYSICAL MECHANICS 

OF SHELF BROWSING 
This component of my thesis is a conference publication, from CHIIR 2017. The contribution of 

this paper was entirely derived from the interview study, and is a detailed analysis of the 

physical behaviours readers demonstrated while browsing. This classification comprised 

• Search behaviours: Searching, away from the stacks, searching in the stacks, searching 
with assistance, and not searching 

• Physical range over which browsing took place: Small (less than one bay), medium 
(more than one bay but less than one stack), wide (more than one stack in a single 
area of the library and very large (more than one area in the library) 

• Density of browsing: Exhaustive browsing, where each book in the target area was 
examined, locally dense browsing, where exhaustive browsing was conducted over 
two or more small areas, scattershot density, where books were examined 
unsystematically and over varying ranges, and intermediate density, which was 
everything else. 

• Stack actions, the physical behaviours that did not involve touching the shelves: 
reading signs, moving along the shelves, moving forward and backward, vertical 
movement (by standing, using a stool or squatting), turning to look at the stack behind, 
visual scanning, rechecking an area, and tilting one’s head to read titles. 

• Shelf actions, where shelves or books were touched: Running fingers along the 
shelves, flipping books along the shelves, half pulling books to see the cover, removing 
books from the shelves, and placemarking 

• Triage location, where books were selected: At or away from the shelves 

• Book selection criteria: Title, author, table of contents, index, cover, blurb, and book 
content 

• Tools used: Cameras, to record information for use after the browsing session, and 
note surfaces to record call numbers. 

From this list of behaviours, several requirements for online browsing were derived, including 

the ability to view a large number of books very quickly, seamless and rapid zooming from a 

wide view of the shelves to the individual book level and back with a number of stages in 

between, multiple points of access for the collection (including not requiring search), support 

for placemarking, and visibility of alternative candidate books during book triage. 
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5.2.2 THE THINGS WE TALK ABOUT WHEN WE TALK ABOUT BROWSING: AN EMPIRICAL 

TAXONOMY OF LIBRARY BROWSING BEHAVIOUR 
This contribution incorporated both the interview and observation data, and has been 

accepted for publication in JASIST. It presented an overarching taxonomy of strategies readers 

take when browsing the shelves, and addressed how well each one was supported online. 

• Grab and go: Readers who want only a single book and will leave the shelves empty-
handed if their book of choice is not available. This strategy is well supported by 
relevance-ranked search 

• Satisficing: Readers wanting a single book, but needing to select an alternative if the 
book they seek isn’t found at the shelves. These readers may be well supported ny 
relevance ranked search but if they are—for example—looking for a textbook search 
may not support this type of semantic refinement. 

• Opportunism: Readers anticipating borrowing only a single book, but being drawn in 
by the availability of other items on the shelves. Serendipity is welcome in this 
environment. This is Poorly supported online, as search results are poor for 
serendipity. 

• Seeding by search: Using search to generate a key to a fertile browsing location, then 
deliberately browsing within it. Given the requirements for browsing behaviour 
outlined above, this is poorly supported online. 

• Seeding by location: Approaching an area known to be a fertile browsing location, 
either as directed by a librarian or because of previous experience. No search involved. 
Not supported online. 

• Wandering: Not having a clear idea of what is wanted and deliberately leveraging the 
shelves for serendipity. No search involved. Not supported online. 

As noted above, many of these behaviours are poorly supported online at best, demonstrating 

a clear gap in system development when it comes to supporting browsing. 

5.3 SUMMARY 
In this section we present two papers which describe in detail and based on empirical data a 

taxonomy of browsing behaviours, and a taxonomy of browsing strategies. Many of these 

behaviours and strategies are poorly supported or unsupported online, demonstrating a clear 

need for browsing system development. Some specific system requirements, such as support 

for zooming, placemarking, and access to book information were defined 
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ABSTRACT 

Library shelf browsing is a much-loved but little-understood form 

of information seeking. Attempts have been made to replicate or 

replace it online, however they have not typically been based on a 

principled understanding of the goals and behaviours of readers. 

This paper addresses the behaviour of readers, presenting an 

empirical examination of the mechanics of library shelf browsing. 

We note some previously undescribed behaviours, such as 

placemarking, and some hitherto unknown details such as the 

large number of books browsers consider. We situate our findings 

in the literature, and use them to drive design recommendations. 
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Browsing; libraries; books; interface design; observation 

1. INTRODUCTION 
Ebooks have a number of advantages over their print counterparts: 

their content is searchable; readers can squeeze many of them 

onto a single, lightweight device; and even when contained within 

a library they are accessible anywhere and anytime [28; 34; 45; 

51]. Combined with rapid improvements in the reading experience 

of ebooks [48], these factors are likely the catalyst for the 

explosion in personal use of ebooks [16], and their widespread 

acquisition by public and academic libraries [11; 18; 34].  

Ebooks have one significant failing in comparison with their print 

counterparts, however: currently no system exists that provides 

the rich, broad experience of browsing the shelves. There is little 

scope for serendipitous discovery, and outside a few experimental 

systems, options for collection understanding are poor. These 

difficulties demonstrably affect borrowing patterns in comparison 

with print [40], and some commentators fear that they will go on 

to affect the breadth and depth of scholarship in general [9; 42]. 

Browsing is not just part of human information seeking behaviour 

generally [23; 33], it is also a widely used and deeply valued part 

of library information seeking [4; 22; 30; 50; 55]. Despite the 

known drawbacks of the shelves (for example missing or checked 

out books [4]) some readers value the shelf browsing experience 

so highly that they reject ebooks [19; 30]. The rise of ebooks 

creates a new limitation to shelf-based information seeking: much 

of a collection will be invisible to readers at the shelves. It is thus 

both timely and important that adequate online browsing tools are 

developed. 

There are a number of tools to facilitate online book browsing in 

early development (for example [20; 22; 47; 59]—for more on 

this see Section 2.3). None of these tools, however, has been 

based on a principled understanding of what readers’ goals and 

behaviours are when they browse. This is perhaps due to a lack of 

detailed research on how readers actually physically interact with 

book collections on shelves. It is this latter gap that we aim to 

address in this paper. We are specifically investigating natural 

browsing behaviour, and what physical actions readers take when 

they browse. By understanding the mechanics of browsing we 

hope to drive system design; by supporting natural behaviour we 

can build a better online experience. 

The remainder of the paper will be divided up as follows: first we 

provide a literature background, next we give a detailed account 

of our method. We then provide results and the design 

recommendations that arise from our findings, then discuss these 

in relation to the existing literature. Finally we draw conclusions 

and provide avenues for future work. 

2. BACKGROUND 
In this section we provide the literature background on 

information seeking browsing. We give a definition of browsing 

in Section 2.1. We then demonstrate the gaps in other studies of 

the use of library shelves in Section.2.2, and online browsing 

systems in Section 2.3, demonstrating where our study fits in. 

2.1 Browsing and Information Behaviour 
While it is easy to assume that search has solved the information 

problems of the world, browsing is a clear part of information 

seeking behaviour according to the predominant models [14; 23; 

33; 41]. Search is highly effective for readers who have a specific 

item in mind, but information needs do not spring into our minds 

as fully formed queries [5; 46]. Stumbling toward the point where 

we know we have an information need [23], understanding the 

options available to us [33], looking for non-specific information 

[41]; looking in a non-specific undirected way [41] or seeking 

inspiration in the form or serendipity [14; 30]; all are the province 

of browsing. Search caters to only a small part of the information 

seeking process under any circumstances, not just in libraries—

yet it is the predominant information interaction paradigm online. 

This is an untenable situation for those information seekers who 

don’t have a clear information need; Borgman’s 1996 assertion 

that search—and library search in particular—‘is difficult because 

it requires you to describe information you don’t have’ remains 

true today [5]. 

Bates is widely acknowledged as an authority on online browsing. 

In 2007 she asserted that browsing is a part of the human 

condition in a paper that draws on disciplines as diverse as 

neurobiology and information science [2]. Her paper defines 
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browsing as: seeing a large, varied scene glimpsing and 

sequentially examining objects of interest and selecting or 

rejecting them for use; our paper uses this definition. As noted in 

[22] library shelves are a near-ideal browsing engine according to 

this definition. Our study took place at the library shelves, 

drawing on a long tradition of investigating physical information 

seeking to drive online design [8; 10; 31; 55]. 

2.2 Library Shelf Studies 
There are many studies of readers at the library shelves, 

however—as we will show—none focus on the physical 

interactions browsers have with shelves. 

The earliest study addressing shelf use is Beaulieu’s 1993 work 

[17] on the changes to library information seeking wrought by the 

introduction of an online catalogue. This study followed 100 users 

and noted that shelf browsing was an important driver of book 

choice, with over half of all searchers selecting a second book by 

browsing. This study did not, however, examine the physical 

mechanics of browsing. 

In 1997 another study [53] examined what happened in a library 

when the shelves are rearranged; unsurprisingly rearrangement 

was shown to affect borrowing, but again this study did not 

address the physical activities within browsing and shelf use. 

Early studies reporting on the mechanics of shelf browsing were 

on children; Moore noted that children did not browse in depth 

and considered eye level shelves most frequently in 1995 [43]. 

Reutzel and Gali examined physical browsing in children [49], 

and came up with a description of physical actions that bears 

some similarity to the one presented here. Children’s information 

seeking, though, is necessarily different from that of adults [6]. 

Moreover, the information landscape has changed significantly in 

the past twenty years with the introduction of ebooks, new 

generation library search and even some online browsing tools. 

Beginning ten years ago there were a number of observational 

studies on or including how readers approached the library 

shelves [4; 19; 30; 55], usually in the context of some other aspect 

of information seeking (for example the impact of online systems 

or serendipity). These studies identified a number of drawbacks to 

the physical shelves, including lost or misshelved books. They 

also identified a range of book features that contribute to book 

selection including bibliographic features such as title and author, 

but also including non-bibliographic features such as book size 

and cover. These studies also identified a near-universal fondness 

for shelf browsing that can result in the rejection of ebooks. 

More recently a single study has had an exploratory look at the 

mechanics of shelf browsing [19], and attempted to apply Reutzel 

and Gali’s framework to adult browsing. This paper, however, 

examined the selection process for only a single book per 

participant, missing much of the richness of a complete browsing 

experience. Furthermore the assumption that adult behaviour will 

mirror that of children is inherent in the analytical approach of 

that paper; that assumption may prove to be flawed. Finally Hinze 

et al do not address design implications of their findings. While 

their paper is an excellent first look at browsing in adults, it does 

not look in as much depth as the work we present here. 

Our own earlier work has used log analysis to support the case for 

shelf browsing affecting borrowing [35; 39; 40]; Losee has also 

made this case [26]. Another study [37], drawing on questions 

asked in the library stacks, identifies stack layout as a barrier to 

information seeking. Interview and survey studies such as [29; 50; 

52] about library information seeking often result in mentions of 

the library stacks, too. None of these, however, include the depth 

of information on physical browsing needed to drive new design. 

We extend the work described here by focusing on natural 

browsing and book selection, examining the whole selection 

process (rather than just a part of it) by looking particularly at 

physical interactions with books and shelves and by using our 

findings to make design recommendations. 

2.3 Existing Browsing Systems 
Recent years have seen an increased interest in providing 

browsing or serendipitous discovery in the online library. Many of 

these approaches use either small [20] or large scale replicas [22] 

of the shelves, an approach that offers many of the drawbacks of 

library shelves without the advantages of physical affordance. 

One alternative approach [59] used book size, cover colour and 

publication year to create novel serendipitous discovery 

approaches. The use of book size and cover is particularly savvy 

as these features are non-bibliographic cues that already drive 

decision-making. This system was presented at the library shelves 

on bespoke hardware, user testing is ongoing. Another approach, 

Bookfish [47] allows readers to select books using sliders to 

locate them on a number of dichotomous continuums. Readers are 

presented with 12 books that best match their criteria. 

Commercial systems are also being trialled; Whichbook 6  is 

similar to Bookfish in its approach. A system at developed at 

UTS7 and Ex Libris’ discovery tool8  each present a limited (3 

book default) simulation of the library shelves in tandem with 

individual results. 

These systems have been built to take into account considerations 

beyond keyword search, to look at exploration or even to build in 

some serendipity. None of them, however, has been grounded in a 

principled and thorough understanding of reader motivations and 

intentions in browsing, nor the physical process used to do it. This 

paper addresses the latter gap in the literature. 

3. METHOD 
This section describes our research method, which is based on a 

situated observational approach analysed with techniques drawn 

from grounded theory. This approach was chosen to allow us to 

build theory in a relatively sparse research space, and in turn to 

drive design based on this theory [1]. Section 3.1 describes our 

data gathering method and Section 3.2 explains our data analysis. 

3.1 Data Gathering 
We drew our participants from two libraries; this gave us a more 

diverse participant pool and avoided conclusions based on the 

peculiarities of layout in any given library. The first site is the 

main campus library of Swinburne, a small, research active 

university in Australia. Books are arranged by Dewey Decimal 

Classification (DDC) and spread over five distinct geographical 

areas on three floors of the library. The second library, State 

Library of Victoria (SLV) is a public research library with a large 

open collection. While there are several different collections in 

this library, all observations took place in two of these. The first is 

the main collection, which is spread down two sides of the lower 

level of a large airy room, and continues around the edge of a 

mezzanine gallery; the second is the arts collection in a small, 

single level room. Again, books are arranged by DDC. In each 

                                                           
6 www.wwhichbookom 
7 http://www.lib.uts.edu.au/news/92740/another-new-way-to-browse-

librarys-collection 
8 http://initiatives.exlibrisgroup.com/2015/04/the-virtual-bookshelf.html 
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library, we continued our observations until we had reached 

saturation—no new behaviours were being seen [44]. This 

resulted in 15 observations at Swinburne, all during term time, 

and 16 at SLV, 15 in the main collection and one in the arts room. 

These numbers are larger than many studies of this type [4; 30; 

55], and commensurate with the most comparable [19].  

32 readers were approached as they neared the shelves and asked 

if they minded us observing their book selection; only one (male, 

at the university site) refused. Participants were all over 18 years 

of age (as required by the ethics process), 23 out of 31 were 

students (14 of 15 at Swinburne and 7 of 16 at SLV). 16 

participants were male, 15 female. Participants selected books on 

a wide range of topics, and topic was not observed to have any 

effect on behaviour. 

All observations were conducted by a single researcher. During 

observations, participants were followed until they indicated they 

were finished book seeking. During book seeking they were 

questioned about any aspects of their behaviour the observer 

wished to clarify. Upon completion of book seeking the observer 

conducted a brief semi-structured interview about their book 

seeking intentions and purpose, whether they had searched online 

prior to approaching the shelves, and whether the books they had 

selected were what they had hoped to find. This approach has 

been used in a number of studies before ours [4; 19; 30; 55], 

though none have both approached readers at the shelves and 

followed them throughout their book selection process. The data 

gathered consisted of tallies of certain behaviours (such as the 

number of books touched) and handwritten notes on observations 

and interviews. Immediately after each observation the observer 

wrote a detailed narrative (akin to the serendipity stories in [29]) 

to record events in sequence and provide detailed accounts of the 

observations. Narratives and tallies were later transcribed to a 

spreadsheet for analysis. Results presented in this paper are based 

on all observations, rather than a selected sample. 

3.2 Analysis 
Our analysis was conducted in two phases. In the first phase two 

researchers analysed the data using inductive techniques drawn 

from grounded theory [1; 44] until consensus was formed. The 

major difference between our approach and grounded theory is 

that—due to the availability of the second researcher—data was 

not analysed concurrently with collection, but rather after 

collection. The use of a second researcher reduces the impact of 

the first researcher’s biases and preconceptions. The second phase 

of research used the classification scheme formed in the first to 

count behaviours. 

Two researchers examined the narrative data independently and 

each devised a classification scheme. The schemes were discussed 

and (as they were very similar) merged. Narratives were then 

classified per the resultant scheme, which had 12 classes with 

between two and nine codes each. The work in this paper 

addresses the seven classes that reflect readers’ physical actions in 

choosing books, and as such reflects primarily observational data. 

The interview data is largely used to identify search behaviour 

prior to readers entering the stacks—particularly for the 

identification of grab-and-go readers (see Section 4.2) Table 1 

illustrates the classification scheme used in this paper; interview 

data is denoted (I), observational data (O). 

After determining the classification scheme, researchers 

independently classified the data, and results were discussed and 

compared. Density was found to be both inconsistently applied 

and difficult to apply well, a few other aspects of the data were 

noted as interesting but unclassified. Disagreements were 

primarily resolved by clarifying nuances in the data. The coding 

scheme was amended accordingly and the data reclassified. 

Table 1: Classification scheme. Definitions given in Section 4. 

Upon reclassification all classes but density and shelf actions had 

inter-rater agreement of greater than 90%; those classes reached 

83% and 87% respectively. While individual codes within the 

search class have agreement lower than 80%, these codes were 

applied infrequently; the disparity represents disagreement over 

only a single observation in each case. 

Class Codes Inter-rater 

agreement (%) 

Search None (I) 100 

On another occasion (I) 100 

During session at shelves (O) 75 

During session away from shelves (O) 68 

Prior to session  themselves (I) 90 

Prior to session someone else (I) 100 

Physical 

Range 

Target book (O) 100 

Small (O) 100 

Medium (O) 80 

Wide (O) 88 

Very wide (O) 100 

Density Target book (O) 100 

Local (O) 83 

Exhaustive (O) 100 

Intermediate (O) 92 

Scattershot (O) 92 

Stack 

Actions 

Reading signs (O) 100 

Moving along stacks (O) 85 

Vertical movement (O) 93 

Step back (O) 100 

Scanning (O) 100 

Rechecking (O) 100 

Turn (O) 75 

Head tilt (O) 100 

Shelf 

Actions 

Running finger along shelves (O) 100 

Flipping books along shelves (O) 83 

Half pull (O) 100 

Complete pull (O) 100 

Placemarking (O) 100 

Book 

selection 

criteria 

Known item (I) 100 

Title (O) 87 

Author (O) 100 

Table of Contents (O) 100 

Index (O) 100 

Publication date (I) 100 

Cover (O) 86 

Blurb/back cover (O) 80 

Content (O) 100 

Triage 

location 

At shelves (O) 100 

Away from shelves (O) 100 

Tools  Note surface 100 

Camera 100 
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4. RESULTS 
This section begins with a description of readers who—in our 

observations—did not browse, so as to exclude them from further 

discussion (Section 4.1). We go on to provide numerical 

descriptions of some behaviours (Section 4.2). The middle of this 

section (sections 4.3-4.10) is structured according to the coding 

scheme shown above, one section for each classification. While it 

is unusual to include analysis in a results section, we will include 

the design recommendations arising from our observations within 

our results that the rationale for each recommendation is clear. In 

section 4.11 we present a summary of design recommendations, 

summarizing the physical interactions they support. Finally in 

section 4.12 we acknowledge the limitations of this study. 

To adequately describe the behaviour of users at the shelves, we 

need to use some library terms for the shelves (see Figure 1). 

Briefly a shelf is a single shelf in a single bay one one shelving 

unit, typically holding 40-70 books. A bay is a horizontal division 

within a shelving unit used so that readers can scan a 

classification without moving along the shelves; bays can hold up 

to 700 books. A stack is a shelving unit. 

 

Figure 1: Library shelf terminology 

4.1 Grab-and-go: Readers Who Don’t Browse 
While we will not delve too much into the intentions of the 

readers we observed in this paper, there was one group that was 

less interesting for understanding browsing: the readers who had a 

target book in mind, selected it, and immediately left the shelves. 

These readers invariably had a range and density covering only 

their target books, and selected books on a known item basis. This 

type of reader is aptly termed ‘grab and go’ in [8], and in an 

online environment would be better served by an effective 

keyword search than any browsing facility. These readers account 

for 9 observations, 7 at the university library and 2 in the research 

library. This leaves 22 observations in our analysis. 

4.2 Counted Behaviours 
For each reader we recorded a tally of the number of books they 

touched, the number of books removed from the shelves, the 

number of books they selected ad removed from the shelves for 

later use, and the number of shelves and bays they examined. For 

grab-and-go readers the number in each case should be 1, 

however we saw these readers examine as many as 24 shelves, 

sometimes spread over a large area in the library. This is further 

evidence for supporting this type of information seeking with 

search; requiring these users to cover such a range of ground is 

simply wasting their time. As such grab and go readers are 

excluded from the tallies the numbers shown in Table 2. 

Table 2 demonstrates that that browsing may be extremely 

cursory, as little as a glance over a single bay without examining 

any items in detail, or it may well be extensive covering many 

hundreds of books; examination of a single shelf amounts to 

approximately 60 books [35]. Loizides points out in his work on 

triage (the process of selecting and rejecting candidate documents) 

that choosing not to examine something is an implicit value 

judgement [25], an assertion that also applies here.  

Table 2: Browsing interactions by the numbers 

 Mean Median Min Max 

Books touched 6.05 4 1 19 

Books moved from 

shelves 

3.41 2 0 15 

Books selected 1.77 1 0 6 

Shelves examined 7.05 5 0 30 

Bays examined 3.86 3 1 18 

Currently available browsing interfaces do not afford the rapid 

visual scanning of large numbers of books seen in our study; this 

is a feature that must be offered to adequately support browsing. 

We also recorded for each reader whether they selected any 

books—selecting any book can be considered an indicator of 

success. In total, only four readers left the shelves empty handed 

4.3 The Presence or Absence of Search 
We noted for each reader whether they had engaged in any form 

of catalogue search in conjunction with their browsing. This might 

be search before approaching the stacks, possibly assisted by 

someone else (usually a librarian), or while they were using the 

stacks, or on another occasion of library use or not at all. 

All grab-and-go readers had searched before entering the stacks, 

some of them repeated their search in the stacks on a device 

carried with them to remind themselves of a call number. For this 

group these interactions merely represent a circuitous path, and 

retrieval would be best at the time of search. 

Three readers had not engaged in search at all. Two of those 

readers were looking for something to occupy their time and had 

time to browse extensively, the third knew where to look on the 

shelves for the information she sought. This approach 

demonstrates a need for browsing systems that allow readers to 

access information without searching first. 

Two readers had searched on another occasion and were 

returning to known areas in the shelves. Browsing systems must 

support readers in returning to areas of interest on subsequent 

information seeking occasions. 

Four readers searched during their information seeking session. 

In three cases this was because a primary browsing strategy had 

failed to yield results, and in the fourth the reader was looking for 

further information (he had also searched before entering the 

stacks). Two of these readers left the stacks to approach a 

catalogue, two searched within the stacks (one on a phone, one on 

a laptop). Leaving the stacks was inconvenient and driven by 

catalogue location, rather than a deliberate strategy. This 

behaviour speaks to the oft-noted requirement that search and 

browse be easily interleaved [23; 33; 38]; not a new finding but 

one supported by our work. 

Eleven readers had searched prior to entering the shelves. This 

search-then-browse pattern is the primary model of library 

information seeking and—while it may not necessarily hold in a 

good online system—must be supported. Given the number of 

books browsers are scanning over, though (as seen in Section 4.2), 

presenting a set of ten or even fifty search results is not enough to 

meet the needs of this group. 

Three users had enlisted the help of someone else to search 

before they entered the shelves. One of these had also tried 

searching himself, and enlisted help when his own attempts were 

ineffective. Another was wandering lost because he could not read 

the handwriting of the librarian who had written down the call 

bay 

shelf 

stack 
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number for him. These interactions speak to the need for any 

online system to support novice and unconfident users. Ideally 

this support would not require expert intervention—keyword 

search should be effective enough to return results readily 

(catalogue search is often poor and perceived as such [13; 21; 

24]). In some cases, though, readers will require expert help and 

the system should support them in accessing it. Again, these are 

not new findings—the poor user experience of catalogues has 

been addressed repeatedly over many years [5; 27; 54] and expert 

help has long been posited as a solution to this [10; 46]. 

Nevertheless, these requirements remain as important today as 

they were 20 years ago. 

4.4 Physical Range 
We coded each observation according to the range covered by the 

reader within the library. This range was sometimes as narrow as 

a single bay, and sometimes so wide as to encompass different 

locations within the library. 

Four readers browsed a small range of books, less than one bay. 

These readers tended to have fairly targeted information needs, 

and were often selecting a single book from a range of close 

alternatives. These readers would be well served by search that 

returned semantically similar results, or by very targeted browsing 

such as that offered by UTS and Ex Libris (see Section 2.3) 

Four readers browsed a medium range of books, more than one 

bay but less than one stack. In each case these readers had a clear, 

well defined topic in mind (for example chemistry or international 

relations). Three were looking for study related information in a 

hurry, one was working on a targeted question. This suggests that 

an ideal browsing system will make it possible to quickly scan the 

material on a single, coherent topic, 

Five readers browsed a wide range of books, covering more than 

one stack in a single area of the library. This group was largely 

similar to the medium group, demonstrating a clear design 

requirement to cover all of a topic quickly. 

Eight browsers worked over a very wide range, examining books 

in disparate sections of the library. In four cases this was because 

these readers were somewhat lost and had examined one area by 

mistake. In the other four cases, however it was a deliberate 

strategy to select books that were geographically distant but 

topically similar. One of these in particular was notable—she 

closely examined one small group of books, then crossed the floor 

of the library without hesitation to examine another small group, 

investigating two clear small target clusters.  

Related books shelved apart is a known problem in any 

classification scheme (see [26] and [7] for a discussion of this). 

Online browsing, however, has the chance to ameliorate this 

problem: where print books can be presented in only a single, 

fixed arrangement online shelves can be rearranged at will. There 

is clearly a need for systems that allow readers to cluster books 

according to topic boundaries that scan classification schemes. 

4.5 Density 
Within a physical range readers examined shelves more or less 

closely.  

Three readers browsed exhaustively, systematically looking at 

every book within their range—amounting in all three cases to 

well over 300 books. Two of these readers had already decided 

which books they wanted to borrow, and were “just checking” to 

ensure they had not missed anything. One of these moved along 

the shelves (crossing bays rather than following Dewey order) 

running his finger along the shelves to visually placemark; once 

he had exhausted the books in call number 658 he noted he was 

“surprised there were so many”. These readers need to be 

supported with a detailed view of closely related books that can be 

examined quickly and sequentially in some way. 

Five readers browsed locally—exhaustively within one or more 

small ranges with gaps between these areas of close examination 

These users would likely be well served by something like the Ex 

Libris Shelf View mentioned in Section 2.3 provided it met their 

other browsing needs (for example not needing to search). 

Two readers were scattershot in their approach, examining 

shelves unsystematically and missing large areas. One of these 

readers was lost, the other was looking for leisure reading. This 

approach speaks to the need to be able to skip sections of books, 

but also assess many books rapidly, as at the shelves 

The remaining 12 readers browsed with intermediate density, 

doing some close browsing and some scanning. This approach 

speaks to the need to zoom in and out while browsing, switching 

readily from close examination to more cursory scanning. 

4.6 Stack Actions 
Readers engaged in a number of physical actions that did not 

result in them touching bookshelves, we termed these stack 

actions. Most browsers performed more than one stack action; 

possible actions taken are described below. 

The stack action conducted furthest from books was reading 

signs. These signs were located at the end of stacks and intended 

and used for wayfinding, so that readers did not have to delve into 

stacks to locate a relevant are of the library. One reader noted her 

frustration at how poor the signs were, complaining “these shelves 

aren’t sorted in groups”. Three users engaged the use of signs; 

these readers could be served in an online collection by providing 

a high level overview of the collection and allowing them to 

navigate to the correct section by drilling down. 

Three readers actively stood back from the shelves, moving away 

from them to broaden their view during information seeking. 

These readers would be best served by the ability to take a wide or 

overview-like view while browsing. 

One of the most common shelf actions was to move horizontally 

along the shelves one or more bays; this was done by nine of 22 

readers who did any browsing at all. This demonstrates the vast 

coverage of a large number of books rapidly that browsing can 

support; this is a key requirement of online browsing systems that 

has not yet been met. 

Another very common action was vertical movement over one or 

more bays—looking (and in one case climbing on a stool) to see 

over eye level, or squatting or kneeling to see books below eye 

level. 12 readers in our study engaged in vertical movement. [19; 

49]. The fact that more readers moved vertically than along the 

shelves speaks to the importance of relevance—shelves are more 

closely related semantically vertically within a bay than 

horizontally between bays. While convenience is important, 

readers are prepared to endure minor physical discomfort to select 

books. It is an advantage of online spaces that they can essentially 

remove the inconvenience of non-eye-level shelves; it is a 

testament to the power of browsing that these shelves are 

examined at all. 

Four readers in our study turned to look at the shelves behind 

them, and not always at the end of a stack. In the middle of a stack 

in a large collection, the books on the shelves behind a reader are 

likely to be related to the ones in front of them, but fairly 

distantly. The bays on either side of a reader offer more closely 
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related books. This speaks of readers either being in slightly the 

wrong place, or looking for inspiration; online systems need to 

support larger jumps within an ordered set of books. 

Visible visual scanning of shelves was relatively common, seen 

in 6 of 21 browsers. This is an interesting behaviour, as readers’ 

gaze seems to pass over books so quickly as to not be able to take 

in much detail. This is related to the earlier noted requirement for 

assessing many books very quickly. It remains unclear, though, 

what features readers are looking for when they do this.  

Two readers returned to an area they had previously visited to 

recheck what was on offer. There are two possible reasons for 

this—being unsure of what has previously been checked, or 

confirming that all useful books have been gleaned from an area. 

It may be useful to design systems to allow readers to see that 

they have previously checked an area over, and also to see where, 

if anywhere, they have selected books. 

The precursor to engaging physically with the shelves was a 

reader head tilt, seen in three readers (also noted in [49]). This is 

because titles and call numbers are often printed ay 90 degrees to 

a spine when the book is standing upright; reading this 

information is the first relevance assessment many readers will 

make. Ensuring titles are legible is a key component of online 

browsing; allowing browsers to access them horizontally with 

ease would be a useful system feature. 

4.7 Shelf Actions 
Shelf actions are those where readers touch either the shelves or 

the books and typically demonstrated a closer level of interest in 

the content of the shelves than stack actions. While some of the 

actions here reflect those described in [49], many do not and to 

our knowledge have not been described elsewhere in the 

literature. Like stack actions, a number of participants engaged in 

more than one of these. 

The least engaged of all shelf actions was readers running their 

fingers along the shelves as a visual marker as they scanned. This 

was seen in 5 of 21 browsers, and suggests a need for a similar 

placemarking technique in online systems. 

The next level of engagement was to flip books along the 

shelves, like flicking through CDs in a retail CD rack. This action, 

seen in four interactions, allowed readers to rapidly and quickly 

glance at covers without removing books from the shelves. It 

could be facilitated by a swipe or coverpop style interface.  

Longer investigations of covers without committing to a book by 

removing it from the shelves were achieved by the ‘half pull’ 

[49]. This was seen in a much smaller proportion of our readers 

than Reutzel and Gali’s [49]or Hinze et al.’s [19], only two out of 

21 browsers. Whether, given its rarity, this is something that 

needs to be supported online remains an open question. The 

seamlessness of interaction in moving from a head tilt to taking a 

book off the shelves has been noted before [19], we confirm this 

finding and reiterate the need for seamlessness online. 

The final stage before selecting a book was the complete pull, 

removing it from the shelves to assess relevance. We only 

recorded this action for books that were subsequently returned to 

the shelves, as selected books are recorded elsewhere. Seven 

readers returned rejected books to the shelves meaning it must be 

possible to triage books easily and readily online. 

The final shelf action we noted was placemarking, where readers 

used a book, pen, object or finger to mark where on the shelves 

they were “up to” while they triaged books. This behaviour was 

the deliberate creation of a visual reminder to make it easier to 

return to browsing, and it was seen in four observations. It should 

be possible to engage in an analogous action online. 

4.8 Triage Location 
Triage is the process of evaluating individual documents in a 

small candidate group to select relevant ones for later use. All but 

one reader triaged books at the shelves, with remaining 

alternative books clearly visually present. This behaviour was 

notable both for its near unanimity (only one reader triaged away 

from the shelves) and its stark contrast to existing information 

systems. Current systems near-inevitably require readers to click 

away from a search result list to examine a book in any depth 

counter to their behaviour if given a choice. A good information 

seeking support system would allow users to retain visuals on 

options while triaging individual items. 

4.9 Book Selection Criteria 
The vast majority of book evaluations involved more than one 

feature of a book; system design must present more than a simple 

list of titles.  

Many of the selection criteria, including title (9 observations), 

author (2 observations), table of contents (7 readers), index (4 

readers) and date (3 readers) have been seen in previous literature 

[3; 32; 55; 56]. Date was only used to filter out recent books; one 

reader was looking for information on a technology topic where 

only the latest would do, another was working on an assignment 

and had been told that he could only use references from the past 

five years. In contrast with the readers seen in [8], our participants 

seemed comfortable using the copyright page in books to assess 

this kind of information. These features should clearly be readily 

accessible when readers make decisions about individual books. 

It was notable that we saw much less use of cues like book size 

and dust than other studies report [4; 30; 55], however our 

participants did use other reported non-bibliographic cues 

including cover (5 readers), blurb (4 readers) and content (3 

readers). These cues have also been seen in previous work [12; 

19; 36; 52; 55]. Nine readers in total (out of 21 browsers) used 

some kind of non-bibliographic data in their decision making 

What is abundantly apparent—as other studies have identified—is 

how poorly library search systems support reader decision 

making. They do not offer this information readily, if at all, and it 

is key to the provision of an adequate browsing experience. 

Overall ten readers opened the books they were assessing when 

making their selections; this is in stark contrast with [8] where 

almost none of the observed bookshop customers opened a book. 

It is not clear why this is the case—particularly given that the 

bookshop study observed purchases of non-fiction books, similar 

to those used by our participants—but it is clear that readers need 

the option to open books when assessing them online. 

What is interesting about these criteria is that we asked each 

reader who selected a book from the shelf—even if they later 

returned it—what made them choose that particular book rather 

than its near neighbours. One answered that ‘that was a very good 

question’ and many others answered that it was cover or title, 

even when they chose books so quickly that it seems unlikely that 

either titles or spines (which is all of the cover that was visible in 

most cases) had had time to really register. What is actually 

happening here, cognitively, remains work for a future study. 

4.10 Tools 
While most readers did not use any physical equipment to support 

their browsing (not even the lists seen in [19]) some did. One of 

the most surprising aspects of tool use is how rarely digital tools 
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featured, other than the laptop used to search at the shelves (see 

Section 4.3) phones were the only digital tools seen, whether used 

as a note surface or a camera. 

By far the most common (nine readers) was a note surface such 

as a notebook, scrap of paper, or even the reader’s hand on which 

one or more call numbers was recorded. Given that call numbers 

are an addressing mechanism [57] they should not really be 

needed in a supportive online system, where readers should 

navigate intuitively and using plain language descriptions rather 

than opaque, long and difficult to understand call numbers [15]. 

Two readers used a camera to document things they wished to 

save for later. One of these was a call number, but another reader 

photographed the cover of a book so she could come back to it 

noting that she did not have time to read more than one book that 

day (and she was in the research library, so she could not check 

books out for later use). A lightweight capture method is a 

necessity in a well-designed information seeking system. 

4.11 A Summary of Design Recommendations 
This section has presented a large range of behaviour with design 

recommendations throughout; we reiterate the recommendations 

here. We recognize the difficulty in separating which behaviours 

are a result of the constraints of the physical environment, and 

which are intrinsic to browsing. Nonetheless we have attempted to 

evaluate these recommendations against the issue of physical 

constraints and provide only recommendations that will improve 

browsing experiences online. Our recommendations are: 

• Display a large range of books for browsing: Our readers 

examined an astonishingly large range and density of books 

while moving among the shelves; this finding has not (to 

our knowledge) been noted in any other study. In a well-

designed browsing engine it must be possible to scan many 

hundreds of books very rapidly, just as it is in the shelves. 

• Enable multiple points of access to the collection: 

Browsers access the collection in many ways: in addition to 

the traditional search-first approach many readers treated the 

shelves as a walk-up-and-use interface. Both approaches 

must be supported online. Readers must also be able to 

readily return to sections of the collection they have 

browsed on previous occasions—another form of 

placemarking. Finally readers must be able to access groups 

of books that would not typically be shelved together. These 

relationships could be derived from known issues with 

classification schemes (for example HCI being spread 

amongst computing, design, ad psychology), or could be 

based on borrowing data, akin to Amazon’s ‘customers who 

bought…’ feature. 

• Support zooming capability: Zooming behaviour was seen 

in the shelf actions of standing back then refocusing on 

books, and in the scattershot approach taken by many 

readers. Support for zooming is thus a key requirement of 

online browsing. Equally, a well-designed browsing system 

must support users in moving around a bit—rapidly 

accessing books some semantic distance from where they 

are (like turning around in the shelves) or accessing related 

books in a distant part of the subject hierarchy. 

• Seamless transitions: The transition from shelf to book 

must be seamless and (possibly) touch-based. Other work 

[19] has noted how deftly readers move from standing back 

to evaluating a candidate book and back again; this study 

identified a similar pattern. 

• Placemarking: This study demonstrates a need for visible 

(and perhaps tangible) placemarking while browsing. Finger 

running, flipping and actual placemarking all appeared 

frequently; visual markers could also help readers identify 

what they have seen when rechecking shelves. 

• Visual alternatives during triage: Nearly all of our 

participants triaged books at the shelves; retaining visual 

access to alternative books is necessary for good browsing.  

• Access to book information: While not novel our findings 

about book selection criteria—title, date, author, table of 

contents, index, cover, blurb and content  show that many 

library systems are not offering what readers need. An ideal 

information seeking system would provide not just the 

basics of title and author, but also non-bibliographic details 

such as blurb, table of contents and cover. 

Finally, this study reiterated the importance of browsing: readers 

accessed material on inconvenient shelves and browsed in the 

vast majority of our observations. The search systems readers 

have used for so long are not enough on their own to meet reader 

needs in increasingly online libraries. 

4.12 Limitations 
Like any study, this study has a number of limitations. Firstly, 

while data was gathered on several weekdays at both sites, none 

was gathered outside normal business hours. As such means we 

may underreport browsing (as demonstrated by our previous work 

[35]). Secondly while observation is an excellent technique for 

understanding complex behaviour [44], it has the potential to 

change participant behaviour [10]. We have tried to limit this 

effect by situating this study in a suite of work that includes other 

techniques, such as log analysis [35; 39; 40], and by reporting 

only behaviour repeated between participants. Thirdly, this study 

addresses behaviour in research libraries; readers may well behave 

differently in public libraries, particularly looking for fiction. 

Extending Vakkari’s existing work on fiction (e.g. [52]) remains 

an interesting avenue for future work. Fourthly we aimed to 

extend earlier work [19; 49] by observing the entire book 

selection process. Only 8 participants (26%) selected more than 

one book, however, meaning often we observed little more than 

earlier authors. Nonetheless, our work is the first to analyse book 

seeking by adults from the formative perspective [49] took with 

children. Finally for space reasons this paper reports only 

individual actions; future work will take a ‘session view’ of book 

seeking to address interactions between these actions. 

5. DISCUSSION 
In this section we first outline our contribution to the literature on 

information seeking, then address our findings in terms of search 

and browse systems specifically. 

5.1 Information Seeking and the Mechanics of 

Browsing 
While browsing is mentioned in major models of information 

seeking [23; 33], little work has gone into depth on what browsing 

actually looks like. Models of information seeking that include 

less-directed approaches to information seeking tend to focus on 

passive discovery [41] and serendipity [14]. 

While serendipity is closely related to shelf browsing, it does not 

encompass all aspects of it; browsing includes active information 

seeking where serendipity—by definition—is a happy accident, 

and occurs when information seekers are not looking. We know 

that plenty of serendipity happens at the shelves [9; 14; 30; 55]. 

We also know that precursors for serendipitous discovery 

generally are likely to facilitate positive shelf browsing 

experiences [9]. Like information seeking, though there are clear 

models for serendipity based on empirical work [29]. Browsing, 
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thus far, has not been subject to the same kind of empirical 

research and modelling. 

Two previous studies have begun the work of modelling browsing 

in children [49], and extending that approach to adults [19] 

however the interactions observed in these studies were brief and 

focused on a single book. The work presented in this paper 

followed interactions over a longer period and took a formative 

approach and as such contributes novel understandings.  

Our work has confirmed some previous findings, such as the 

potential benefits afforded by rearranging the shelves and the 

criteria by which readers choose books, however there are novel 

findings as well. One such finding is the ebb and flow of focus at 

the shelves, with readers being intermittently more and less fine-

grained in their examination. Another is the propensity to 

placemark when browsing, possibly to narrow visual focus to just 

a few items rather than a whole shelf or stack. The major 

contribution of this paper, though, is an exhaustive catalogue of 

physical interactions undertaken while browsing at the library 

shelves which—when combined with an understanding of 

readers’ goals and motivations—could give us the underpinnings 

of an empirical model of browsing. 

5.2 What About Search? 
One of the most striking findings of this study is how successful 

readers were in locating at least something while browsing. 

Studies of library search show 50% of readers (or more) having 

difficulty locating items that meet their needs [5; 24; 58] during 

library search, whereas our study shows a success rate of around 

87%. It is hard to untangle this from search success, of course, 

because the majority of information seekers seen at the shelves 

(80% in our study) have already conducted a search at some point. 

Even these readers, though, show success rates of 76% at the 

shelves—so having a single specific item in mind does not 

preclude success, even where that item is not available. It thus 

seems likely that most readers provided with enough interaction 

options and the guidance to locate a relevant pool of items will 

find something of value. 

One reason for the high proportion of readers who search before 

entering the stacks (80% in our study) is that it is difficult to 

identify a relevant pool of options in a library without the use of 

search. If readers were presented with a way to access library 

books without search up front—such as structured subject 

hierarchies, for example—how many of them would take it? 

We have seen in the past that even those readers who do search 

often select more books than they identify in search when 

presented with the cornucopia of riches offered at the library 

shelves [4; 17; 30; 55]. When we examine the preconditions for 

serendipity, such as openness to new ideas and a rich environment 

of triggers [31], it is hardly surprising that this is the case; the 

shelves (as noted by others [22]) provide an ideal serendipity 

engine. Our study, demonstrating significant physical movement 

and large numbers of books scanned shows that environment 

can—and should—be very rich indeed. This is in stark contrast to 

library search results, which show fifty or so at most, and (again, 

in contrast to our findings) require readers to move away from 

their options to assess individual items. 

In sum, no matter how good search gets it simply will not be a 

complete answer to the question of how readers might locate 

books online. Our findings point to several possible 

improvements, such as allowing access to cover, blurb and full 

text and making it possible to evaluate individual books with other 

results still visible, but search alone cannot replace the experience 

of browsing the library shelves. 

5.3 Comparing Existing Browsing Systems 
It is clear that the novel browsing systems we described in Section 

2.3 are meeting readers needs for browsing with variable degrees 

of success. Bookfish and Whichbook are based on the need to 

rearrange the shelves according to user interest so no-one has to 

cross the floor of a library. All the systems we mentioned offer 

readers the chance to view covers of books when they are 

assessing them, one [59] even offers readers the chance to browse 

based on cover features. That same system offers readers many 

points of access into the collection it presents; while their options 

are not searching, browsing and reading the signs readers have 

choices. The two library-based commercial systems (UTS’ and Ex 

Libris’) offer readers the opportunity to interleave search and 

browse without having to ‘leave the stacks’, but do require readers 

to begin information seeking by searching. 

There are two areas where none of the novel browsing systems are 

supporting readers: visual placemarking as they browse, and 

zooming in and out rapidly over the collection. The ability to 

placemark was identified through a range of actions—flipping 

books along a shelf, running a finger along a shelf, and physically 

placing books in gaps on the shelves to hold places. Similarly a 

range of actions, such as scattershot browsing, turning in the 

stacks and stepping back away from the shelves demonstrate a 

need to zoom in and out. How best to facilitate these behaviours is 

a novel question for interaction design. 

6. CONCLUSIONS AND FUTURE WORK 
In this paper we have presented an observational study of natural 

browsing behaviour that generates a number of new findings. We 

have also translated these findings into design recommendations.  

One of the most surprising findings in this paper is the volume of 

content readers scan when browsing—often many hundreds of 

books. While some of them do this systematically, the majority 

move in and out of close examination mode, turning around in the 

shelves to look behind them at distantly related books and moving 

more or less rapidly past sections of the shelves. How best to 

support this behaviour in an online environment—likely on a 

small screen remains a question for future work.  

It is widely realized that browsing is important and much loved by 

readers, but is surprising how successful our participants were—

87% of browsers left the shelves with one or more books. This is 

astonishing: other work in this area has shown a success rate of 

around 50% [17]. 

Many of the findings in this paper reinforce earlier work; it is not 

news, for example, that readers would like to interleave search 

and browse, nor are the elements of books used in decision 

making new findings. It is certainly not news that browsing is 

important at all. This study lends weight to all of those arguments, 

though, and further begs the question why these needs are not 

being met in online systems. What would actually meet these 

needs is outside the scope of this paper and therefore future work, 

but our understanding of the physical mechanics of browsing 

could—and should—support future system design in this area. 

Our study reflects the hierarchical engagement model shown in 

[49] and supported in [19]. It further demonstrates that this model 

is iterative with readers examining shelves more and less closely, 

and moving over a range of books.  

Finally, our study demonstrates a new interaction not noted in 

previous studies of browsing: physical placemarking by running 
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fingers along the shelves, putting books in empty spaces and 

flipping books along shelves. This is clearly an important 

behavioural component of browsing, and not a single current 

system offers anything to support it. 

While we have made some recommendations for system design in 

this paper, quite what a system that supports all these interactions 

might look like is unclear. Equally, while we have addressed the 

physical actions of readers in this study, we have not considered 

their underlying intentions and mental models. System design and 

understanding the cognitive underpinnings of the actions we have 

identified remain future work. 
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Abstract 
Libraries increasingly offer much of their collection online, rendering it invisible or unavailable 

to readers who, for reasons of information experience, prefer to browse the shelves. While the 

evidence that shelf browsing is an important part of information behaviour is increasing, 

information browsing as a behaviour is somewhat of a black box (in contrast to web browsing, 

which is relatively well understood). It seems likely from early work that browsing is not, in 

fact, a monolithic behaviour, but rather a set of behaviours and goals. The typologies 

presented in these works, however, are too high level to offer much insight into what support 

is needed for successful online browsing. In contrast, a recent spate of speculative browsing 

technologies meet some browsing needs, but offer little theoretical understanding of how 

those systems support browsing. The major contribution of this paper is a new typology of 

library browsing behaviour based on recent observations of browsing behaviour in libraries. 

The secondary contribution is an understanding of the interface features that would support 

these types of information browsers in an online environment. 

Introduction 
Technology is changing the way libraries deliver information. In Australia and New Zealand in 

2014, ebooks represented over 90% of all books held in academic libraries9; in the UK ebooks 

went from 10% of holdings in 2010 to 20% of holdings in 201410. Despite library users’ mixed 

feelings about ebooks, they are an increasing proportion of what libraries offer. Readers raise 

two major reservations about using ebooks: readability and browsability (Makri et al., 2007; 

                                                           
9 http://www.caul.edu.au/caul-programs/caul-statistics/statistics-summary-current 

 

10  

https://www.sconul.ac.uk/sites/default/files/documents/Analysis%20_Loans%20ebooks%20visits%20Ju

ne%202015.pdf 
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Marshall, 2010; Pearson, Buchanan, & Thimbleby, 2010; Rowlands, Nicholas, Jamali, & 

Huntington, 2007). The challenges of readability are manifold, including poor support for 

annotation, limited navigability, and the frustrations caused by digital rights management 

software (Marshall & Bly, 2005; Pearson et al., 2010; Tonkin, 2010); however the focus of the 

work presented here is browsing.  

Browsing is a clear advantage of visiting a library in person; study after study has quoted users 

commenting on the value of the library shelves as a discovery resource (Blandford, Rimmer, & 

Warwick, 2006; Makri et al., 2007; Stelmaszewska & Blandford, 2004). While shelf browsing 

might seem anachronistic in the age of the internet, a survey in 2014 demonstrated that over 

half of the users of a German library considered it an important component of their 

information seeking process (Kleiner, Rädle, & Reiterer, 2013), a finding supported by our own 

recent work (McKay, Smith, & Chang, 2014; McKay, Smith, & Chang, 2015). The ebook 

revolution, in its present form, represents a near-complete return to closed-stack libraries, 

with materials only accessible via the medium of search; browsing is simply not available.  

The loss of the option to browse means those seeking ebooks must rely on search, which is 

notoriously poor for supporting imprecisely defined information needs (Borgman, 1996; 

Kuhlthau, 1991; Marchionini, 1997, Belkin, Oddy, & Brooks, 1982) and supports serendipity 

poorly (Foster & Ford, 2003). Given the importance of serendipity and browsing to information 

work, they are information seeking strategies we lose at our peril (Cooksey, 2004; Foster & 

Ford, 2003; Makri & Blandford, 2012a, 2012b). 

In response to this peril, recent times have seen a rash of online browsing technologies being 

tested either in research settings (e.g. Kleiner et al., 2013; Pearce & Chang, 2014; Thudt, 

Hinrichs, & Carpendale, 2012), or being released by commercial organizations (e.g. the ExLibris 

virtual shelf11). None of these interfaces has (yet) seen widespread uptake or approbation; 

there is simply no tool for browsing that has even a modicum of the recognition that Google 

has for search. Given that browsing is a poorly understood behaviour (Joranson, VanTuyl, & 

Clements, 2014; Tonkin, 2010), it seems likely that a big part of the reason these tools are not 

seeing widespread use is that they fundamentally do not facilitate what users would recognise 

as browsing in a meaningful way—a hypothesis for which there is some evidence (McKay, 

Buchanan, & Chang, 2018).  

Browsing has been treated as something of a black box by the major information seeking 

models—they acknowledge it happens, but they do not address what it is (Ellis, 1989; 

Kuhlthau, 1991; Marchionini, 1997). Early literature suggests that browsing might be more 

than one behaviour: a number of typologies of browsing behaviour exist (Apted & Choo, 1971; 

Celoria, 1969; Herner, 1970; Rice, McCreadie, & Chang, 2001). Each of these typologies comes 

from a time before the internet (Rice et al.’s data is from 1991), and only Rice et al.’s is 

empirically grounded.  

The work presented in this paper aims to address some of the gaps in our understanding of 

browsing by developing an internet-era, empirically grounded typology of browsing based on 

observations of library shelf browsing. We then use this typology to make design suggestions 

for online browsing, a goal that has become pressing with the ebook revolution. The rest of the 

                                                           
11  

https://knowledge.exlibrisgroup.com/Primo/Product_Documentation/Technical_Guide/010The_PNX_R

ecord/150The_Browse_Section/020Virtual_Shelf_Tab 
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paper is divided up as follows: first we describe the literature relating to browsing; next we 

describe the method we used to derive the browsing taxonomy presented here. Third we 

describe the taxonomy, and its implications for future browsing interfaces. Finally we describe 

our taxonomy and its implications in the context of the literature, and draw conclusions. 

Background 
In this section we provide the literature background to our work. First we position a definition 

of browsing in the major information models, and examine why it is important. Next, we 

examine the empirical literature on library shelf use, addressing how our study extends the 

literature. Finally, we examine existing typologies of browsing noting specifically the 

theoretical contribution of the work presented here. 

On Browsing and Its Importance 
Browsing is a fundamental component of information behaviour, appearing in every major 

model of information seeking. Marchionini defines browsing in contrast with search, noting 

that the information environment is a key component of the behaviour, and that it is informal 

and opportunistic (Marchionini, 1997). Kuhlthau’s ‘exploration’ (Kuhlthau, 1991), the closest 

analogue in her model, notes that information seekers need to explore and that they may find 

information systems unhelpful, but does not explain what this exploration looks like in 

practice. Ellis talks about browsing as ‘undirected’ information seeking and notes that it should 

be supported online (Ellis, 1989). His approach to supporting it online is relatively simplistic, 

saying that any information held about a collection should be browsable, but he does not 

describe the interface this should entail. Wilson’s model (Wilson, 1999) takes a higher level 

overview of the information seeking process than the other three and does not address 

browsing specifically, but notes that there can be a high degree of the ambiguity in 

information needs—ambiguity that the other models suggest is best resolved by browsing.  

The definitions of browsing given above are somewhat contested, but perhaps the most 

comprehensive definition to date is the one Bates gave in her overview of literature from a 

range of disciplines (Bates, 2007). It is given as a series of steps:  

‘1) glimpse a scene, 2) home in on an element of a scene visually and/or physically (if two or 

more elements are of interest, they are examined serially, not in parallel), 3) examine item(s) of 

interest, 4) physically or conceptually acquire or abandon examined item(s)’. 

Bates makes it clear elsewhere in this paper that the scene must be ‘large and interesting’. This 

definition is an excellent working description of browsing in situations where information 

decisions must be based on what Marchionini termed surrogate representations of the 

information (Marchionini, 1997); situations where the items being browsed cannot be ingested 

in their entirety.  

Examples of surrogate browsing include video browsing and—pertinent to the work presented 

here—browsing the library shelves. Bates’ definition does, however, exclude much of what we 

refer to as browsing in the information seeking literature: Web browsing, for example, is 

information acquisition rather than seeking, and much more like Pirolli’s information foraging 

(Pirolli, 1997) where the item viewed is an information resource in itself. Not all online 

browsing will be like this, though—ebook browsing, music browsing, and video browsing will 

all require surrogates online just as they do in the physical realm. 
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In a behavioural attempt to define browsing, both Marchionini and Kwasnik have described 

some of the activities involved in browsing—Kwasnik notes six activities (Kwasnik, 1992), and 

Marchionini four (Marchionini, 1997). More recently the authors of this paper have identified a 

number of browsing behaviours (McKay, Chang, & Smith, 2017). While supporting these 

behaviours and activities might well improve online browsing support generally, understanding 

the goals and needs information seekers are addressing while they engage in these activities is 

likely to provide further insight into what an effective system might look like. All the major 

models note that browsing is under-studied and poorly supported online (Ellis, 1989; Joranson 

et al., 2014; Kuhlthau, 1991; Marchionini, 1997). This dearth of study is particularly noticeable 

when we compare browsing with search, which has been the subject of continued and focused 

study since the Cranfield experiments in the 1950s (Baeza-Yates & Ribeiro-Neto, 1999). 

The shelves have been described as a near-perfect browsing engine (Kleiner et al., 2013) 

(based on Bates’ definition above); until the ebook revolution the imperative to support online 

browsing has been low. Now, ebook users must access books using search, a strategy poorly 

suited to loosely defined information needs. In the past these searchers may have consulted 

reference librarians to help them turn a need into a precisely worded successful query 

(Crabtree, Twidale, O'Brien, & Nichols, 1997; Nordlie, 1999). A modern information seeker 

sitting at home at midnight, however, is unlikely to have access to such a resource. The loss of 

browsing for such a large part of any library’s collection results in a loss of serendipitous 

discovery (Foster & Ford, 2003; Makri et al., 2007) and higher cognitive burdens for 

information seekers (Ellis, 1989; Marchionini, 1997). In a time where more information than 

ever before is online, the need to understand and support online surrogate browsing has never 

been more pressing. 

In this paper we attempt to address both the poor understanding of browsing—and the poor 

online support for it—by observing readers browsing in a modern library setting. 

Library shelf use 
Many previous studies have, intentionally or incidentally, investigated information seeking 

using library shelves. A spate of observational studies of library users in the mid-2000s 

demonstrated that library shelves are a key component of book seeking (Blandford et al., 

2006; Makri et al., 2007; Stelmaszewska & Blandford, 2004). The key finding from these 

studies in terms of the work presented here is that readers value shelf browsing highly—some 

to the point that they eschew ebooks (Hinze, McKay, Vanderschantz, Timpany, & Cunningham, 

2012). Readers rely on shelves for serendipity, and to expand on the offerings of library 

catalogues. Readers also use information available at the shelves—such as book size, dust 

(indicating infrequent use) and visual cues from book covers to assist in their book selection 

processes (Ooi, 2008; Saarinen & Vakkari, 2013). These studies identified problems with the 

shelf experience, too, though—books could be missing, or checked out, and as noted in 

previous research, semantically related books can be shelved at geographically distant 

locations (Losee, 1993). 

Rice et al examined data from a 1991 study of library use, and came up with a descriptive 

framework of browsing behaviour that they presented in their book. This behaviour, though, is 

based on pre-internet library use and varies in the detail with which it describes behaviour 

(Rice et al., 2001). Reutzel and Gali examined children’s library shelf browsing in 1997 and 

came up with a framework of behaviours (Reutzel & Gali, 1998). These behaviours were low 

level physical behaviours, however, and did not describe the children’s information seeking 
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goals or strategies. Hinze applied this framework to adult shelf use in 2012 (Hinze et al., 2012), 

describing the shelf interactions present in accessing a single book. This work was refined in 

2017, when the authors of this paper examined complete browsing interactions to generate a 

new list of actions (McKay et al., 2017). 

Many previous studies have confirmed the influence that shelf layout has on information 

seeking. Beaulieu’s 1997 study of readers choosing books noted that shelf interactions 

prompted readers to select additional books over half the time (Hancock-Beaulieu, 1993). This 

effect may well be amenable to influence; Saarti’s work demonstrated that rearranging the 

shelves can affect how much browsing actually takes place (Saarti, 1997). An early statistical 

analysis of circulation of small parts of a library’s collection confirmed that shelf location 

affected not just how much browsing happened, but what was borrowed (Losee, 1993). 

While shelf browsing may seem like an activity from a quaint and nostalgic past, Kleiner’s work 

has shown that it is valued by approximately half of all academic library users (Kleiner et al., 

2013). The statistical effects on borrowing demonstrated by Losee were replicated by the 

authors of this paper over whole library collections in 2014. Further work demonstrated that 

ebooks do not show this evidence of browsing (McKay et al., 2014; McKay, Smith, et al., 2015). 

Our work follows in a tradition of using physical to generate digital interface designs (e.g. 

Pearson, Buchanan, Thimbleby, & Jones, 2012, Cunningham, Reeves, & Britland, 2003). As with 

this previous work understanding the physical behaviour—shelf browsing—is necessary 

because directly replicating the physical realm is impossible without virtual reality equipment, 

and ineffective where a virtual reality approach has been trialled (Almeida, Cubaud, Dupire, 

Natkin, & Topol, 2006). 

While previous work has demonstrated that shelf browsing is an important part of library 

information seeking, what readers actually do, what their motives and intentions are, and 

what a browsing session looks like has not yet been investigated. This paper aims to address 

that gap, providing a taxonomy of browsing behaviours. 

Other Information Seeking Typologies 
One of the fundamental advances in understanding search behaviour—and how to support it 

online—came with the advent of Broder’s search taxonomy (Broder, 2002). This taxonomy is 

empirically grounded, and offers three types of search, each of which needs different 

behaviour from a system. Our understanding of browsing is considerably more limited: all the 

existing typologies are pre-internet, and only one has any clear empirical basis.  

The earliest browsing typology is from 1969; in this Celoria distinguishes professional 

browsing—repeated examination of the shelves and deliberate serendipity seeking—from 

recreational browsing, which is merely wandering in the stacks (Celoria, 1969). In 1970 Herner 

divided browsing into three classes: directed, undirected and semidirected browsing (Herner, 

1970). Undirected browsing is the same as Celoria’s recreational browsing, and semidirected 

browsing represents deliberate serendipity seeking. Directed browsing has a clear goal, 

suggesting it might be excluded from, for example, Marchionini’s description of browsing. In 

1971, Apted divided browsing into two categories—specific browsing, and general purposive 

browsing (Apted & Choo, 1971). The difference between these two types is the end goal: 

specific browsing is aimed at locating a clear target, general purposive browsing is wandering 

in the hope of finding non-specific new information. Marchionini divides browsing based on 

what is being browsed, referring to across- and within- document browsing. When examining 

library browsing, this distinction is not useful—book selection usually involves both 
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(Marchionini, 1997). Finally Rice et al. derive four browsing types from a range of literature—

looking for a specific item; looking for items that can be grouped by characteristic in some 

way; collection evaluation or understanding; and incidental browsing (Rice et al., 2001). As 

with Marchionini’s division, a typical visit to the library may include multiple browsing types 

from Rice’s model.  

Most of these models are a continuum, with readers seeking a specific item at one end, and 

engaging in very loosely directed information seeking at the other; what is in between varies 

between typologies, as does the role of serendipity. The majority of these models predate the 

internet, and there is not a clear empirical underpinning to any of them. In this paper we 

attempt to generate a finer-grained, empirically grounded typology that addresses the role of 

serendipity. We further use this typology to point to avenues for developing better systems for 

online browsing. 

Method 
There is a long tradition of examining information behaviour in the physical realm to inform 

the design of digital support, for example (Cunningham et al., 2003; Cunningham, Rogers, & 

Kim, 2017; Pearson et al., 2012; Stelmaszewska & Blandford, 2004); this work engages in that 

tradition. The results described in this paper are derived from two studies. The first was a 

series of observations of shelf use, coupled with interviews. The first analysis of this data, 

presented in (McKay et al., 2017), described the individual actions readers took while 

browsing. This paper presents a new analysis, examining the strategies and goals of readers in 

relation to their browsing. 

The second study—which is presented for the first time in this paper—was designed to 

triangulate results from the first and consisted of interviews taken at the point where readers 

were borrowing books. Both studies were approved by the Human Research Ethics Committee 

at the University of Melbourne. In this section we first give the details of each study, then 

describe our approach to analysing the data for the purposes of this paper. 

Observational study 
This study took place in two locations: the library of a small, research-active university in 

Melbourne, Australia, and a large, mandated-deposit reference library in the same city (the 

State Library of Victoria). The selection of the two sites was to avoid the impact that individual 

building architecture or user populations may have had on our results; given that results are 

drawn from two sites we believe they are likely to generalise to other academic and reference 

libraries.  

This study resulted in 31 observations, 15 at the university site and 16 at the State Library. 

Participants were evenly divided along gender lines, and 23 were students (14 from the 

university site and 7 from the State Library). Observations continued until saturation was 

reached, i.e. no new behaviours or intentions were recorded. 

Our approach follows a long tradition of observational studies of the library shelves (Blandford 

& Furniss, 2006; Hancock-Beaulieu, 1993; Hinze, Alqurashi, Vanderschantz, Timpany, & 

Alzahrani, 2014; Hinze et al., 2012; Makri et al., 2007; Stelmaszewska & Blandford, 2004). Each 

of these studies followed a similar protocol: observe readers, and ask them about their 

information practices and their experience of the library as an information system. Our study 

took the same approach. The difference was, our focus was specifically browsing behaviour, 

and we followed readers from the moment they consented to our observation (as they 
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approached the shelves) until they completed their information seeking process. The protocol 

for this study was to observe participants as they examined the shelves, noting their physical 

behaviours and interactions with books. Participants were questioned about some aspects of 

their behaviour to ensure we understood their goals and intentions. Participants were further 

questioned about what their information goals had been when they came to the library; 

whether they had used the library catalogue; what their planned information seeking strategy 

had been; and whether they had found what they were looking for. Once the observation had 

finished, the observer assisted any participants who had not found desired specific materials in 

either locating those materials or confirming their absence from the library (though 

participants were not told ahead of time that this would happen). Only a single participant 

declined to participate in this study. 

Observations and interviews were recorded using handwritten notes, and tallies of books and 

shelves investigated and interacted with. Immediately upon completion of each observation, 

data was transcribed into an excel spreadsheet, noting interactions and writing a ‘browsing 

story’ for each participant, akin to Makri’s serendipity stories (Makri, Blandford, Woods, 

Sharples, & Maxwell, 2014). 

This study was analysed as described below before the commencement of the second study. 

Interview study 
We know that participants’ actions and their interpretations of their actions can be at odds 

(Rogers, Sharp, & Preece, 2007). The second study reported in this paper was designed to both 

understand participants’ own interpretations of their shelf browsing experiences and to 

triangulate findings from the first study against browsers’ own accounts of their experiences. 

In this study, participants were approached as they borrowed books from the university library 

described above. Book borrowing represents a certain amount of investment in using the 

books being borrowed; users prefer to minimize borrowing to avoid fines and carrying home 

heavy materials (Hinze et al., 2012). In this study it was used not just as a metric of interest, 

but also as a sign that the information seeking process in which these readers were engaged 

was completed, at least in the short term. Because this protocol relied on borrowing, it could 

not be replicated in the State Library, which does not allow borrowing. 

The interviewing researcher in this study waited near the self-checkout machines in the library 

(the only way to borrow) for readers borrowing more than one book. This strategy was 

designed to maximise the probability that these information seekers would have done at least 

some browsing, rather than approaching the shelves to borrow only books they had searched 

for and then leaving. In contrast to the first study, four prospective participants declined to 

participate in this study; while no reason was asked for they all commented that they were 

leaving the library and rushing to move on to their next task. Interviews were conducted on 

weekdays during term time during business hours. While this slightly reduced the chance of 

interviewing participants who have been engaged in browsing, which is more common at 

weekends, (McKay, Buchanan, & Chang, 2015), it is the busiest time for the library and 

maximized recruitment opportunities. 

Once participants had agreed to be interviewed, the call numbers of the books they had 

borrowed were documented and they were interviewed about their experience of selecting 

those books. Interview questions established whether participants had searched the library 

catalogue; how many of the books they were borrowing had been identified during search; 
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how many shelves they remembered examining; whether they had examined any books that 

they had not selected and (in their own words) what their book selection process had been. 

Interviews typically lasted between 5 and 8 minutes, and were audio recorded.  

As in the previous study, interviews continued until the interviewing researcher was satisfied 

that saturation had been reached, a total of 13 interviews. While this is a relatively small 

number, it is not incommensurate with other studies of this type—Makri et al. (2007) had 8 

participants, for example, and Stelmaszewska & Blandford (2004) observed 9 and interviewed 

a further 5. Given that this study was being used to test the results of the previous study, 

saturation was reached rapidly. 

After interviewing participants, interviews were transcribed into an excel spreadsheet noting 

the presence or absence of search; how many shelves readers believed they had examined; 

how many books they had examined and borrowed; and how many of the books borrowed 

had been searched for. As with the previous study, a browsing story was written for each 

participant, narrating their experience as much as possible in their own words. This 

spreadsheet formed the basis for data analysis. 

Data analysis 
As mentioned above, data for the observational study was analysed first. This data was 

analysed by two researchers using an inductive approach similar to grounded theory (Glaser & 

Strauss, 1967), however it was analysed post-collection due to the availability of the second 

researcher. In the first instance, each researcher independently examined the data, doing 

inductive coding on the behaviours and the overarching strategies used by browsers. Both 

researchers have a strong background in information seeking behaviour, so classifications were 

influenced by their knowledge of the literature. 

After an initial pass, coding schemes were compared and refined, and the data was re-coded 

using the resulting classification scheme. This classification scheme was discussed and refined, 

then applied to the data. A further refinement and application of the scheme resulted in an 

inter-rater agreement of over 90% over the entire classification, and 90.3% for the six 

browsing types. The same two researchers used the browsing stories generated by the 

interviews to classify these participants by browsing type, though both researchers were 

aware they may see a new type during this classification. No new types were identified, and in 

classification the researchers reached a 100% agreement for which type each interview 

represented. 

Finally, the researchers discussed extensively the defining features of each browsing type, 

generating a classification scheme of those types on four axes (serendipity; presence or 

absence of a sought item; presence or absence of search; and how tightly defined the 

information goal was).  The researchers independently classified the browsing types according 

to this scheme; all classes were found to be clear and easy to apply. Agreement of 100% was 

reached. 

Findings: A Typology of Browsing 
In this section we first describe the six types of shelf browsing identified in our study, along 

with their prevalence in our data, and their implications for shelf browsing. We then describe 

their relationship to one another along four axes. In all descriptions of individual readers, 

information seeking topics have been altered subtly to protect reader privacy. 
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The types 
Our research identified 6 types of shelf-based information seeking behaviours, 5 of which 

involved some measure of browsing. In contrast to the behaviours described in (McKay et al., 

2017), which describes the individual actions that make up a browsing session, the six 

behaviours presented here represent the overarching goals and strategies employed by the 

information seekers  

The six behaviours are listed below, in order of how well they might be supported by 

traditional interactive search, from most to least supported. It should be emphasized that 

these types represent episodes of behaviour, rather than types of individual: while individuals 

may have preferred information seeking styles among the types, the types are influenced by 

information needs and environments (as we would expect), and so are not simply preference 

driven. The names for the behaviours are derived from digital library research; the aim of this 

work, after all, is to improve browsing in the digital library. 

Grab-and-go 
Grab-and-go behaviour is the selection of a book or books pre-identified by searching that 

actively excludes the consideration of any alternative books. This behaviour is not browsing, it 

is acquisition; all other behaviours in the typology do involve some browsing. 

Motivation: This process is focused on selecting a specific item or items, much like the 

bookshop readers observed in (Buchanan & McKay, 2011), from which the term ‘grab-and-go’ 

is drawn. If the item or items these readers were looking for was missing from the shelves, 

they would leave empty handed rather than selecting an alternative. This is akin to a classic 

known-item search in (Numminen & Vakkari, 2009), and to known-item finding in (Björneborn, 

2008) These users accounted for 22% of all participants in this study—10 out of 45 overall, but 

9 of 32 in the observational part of the study.  

Behaviours: Readers engaged in this process will first search the catalogue, then proceed as 

directly to the relevant shelves as their knowledge of their library allows, then select their 

books before moving on to the next task. In this process the shelves and the distraction they 

imply are an impediment to information seeking.  

Implications for online browsing: Assuming no reason for avoiding the use of ebooks, this 

process is perfectly supported by relevance ranked search; much better than it is supported by 

any process involving the library shelves. 

Satisficing 
Satisficing is the grudging selection of a semantically and topically similar book or books, 

because pre-identified target books were not available. 

Motivations: Satisficing, first described in (Agosto, 2002) as selecting an imperfect information 

resource rather than investing further time to find the perfect resource, is born of similar 

motivations to grab-and-go browsing. Readers who are satisficing want to access a small 

number of pre-identified items. Where satisficing varies from grab-and-go browsing is that 

satisficing readers will accept a near-neighbour substitute for books they cannot locate on the 

shelves. The classic example of this from our data is the reader who—when she was unable to 

locate a biology textbook prior to her tutorial—selected a different textbook called ‘Biology’ 

saying “I just want to pass”. We observed 6 of these readers and interviewed a further 3, for a 

total of 20% of all participants. While this behaviour appears similar to browsing for a topically 

similar item, it is more complex. Topic certainly matters, but there are often other 
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considerations; in the example of the woman seeking a textbook, only another textbook would 

do, rather than any book on biology. 

Behaviours: When satisficing, readers examined only the shelves geographically (and therefore 

topically) closest to the books they sought. In some cases the shelves were an active 

impediment to locating books; we observed two cases where the books sought were actually 

present on the shelves, but readers could not find them due to shelf layout or difficulties with 

the classification scheme. 

Implications for online browsing: Satisficing only occurs when sought books are not present in 

the library. In this instance, nearest neighbours in search ranking may not support satisficing; 

in the example given above, the reader needed a textbook specifically; a workbook or popular 

science tome would not have met her needs. This implies that in addition to keyword 

similarity, these readers need to be able to examine semantic, non-bibliographic features of 

near-neighbour books—for example tone, length and presentation. Book surrogates presented 

by any system must include both semantic and bibliographic detail to support satisficing; this 

may be provided in the form of search refinement facets or tagging and folksonomies, for 

example. 

Opportunism 
Opportunism is browsing the shelves in an ad hoc manner when otherwise engaged in 

acquiring a pre-identified target book. Opportunism may or may not result in the borrowing of 

additional books. 

Motivations: Opportunism occurs in a similar context to grab-and-go and satisficing: the initial 

intention is to borrow a single book or small number of books. Grab-and-go browsing leaves 

readers unmoved by the context in which the books they seek exist; satisficing leaves them 

negatively affected. In contrast, opportunism is a direct result of the shelves having a positive 

effect on readers; the shelves offer alternatives they had not intended to explore but that are 

welcomed. While it is possible for serendipity to be negatively experienced (Waugh, McKay, & 

Makri, 2017), in opportunistic browsing serendipity is both unexpected and positive. One 

reason given for such positive experiences was finding other books “for later boredom” (as one 

of the interview participants noted); another was the unplanned identification of further 

useful material. For readers who selected no further books, there seemed to be a satisfaction 

in knowing they had selected the right material for their needs; one commented that “the 

other books were too basic”. We observed 6 opportunists and interviewed a further two, 

meaning this group accounted for 17% of all participants.  

Behaviour: Most readers who engaged in opportunism examined only a small area of shelving 

around their target material, however one systematically examined a whole call number 

subsection comprising 2-300 volumes. In at least one case a reader browsed two 

geographically distant areas of the library using this approach; she had identified two books on 

the history of Luxembourg using search, one in the history section and one in a geography 

section. The history section proved relatively fruitless for her needs, but she was surprised to 

find as much material as she did in the geography section. Of the readers who engaged in this 

type of activity, three left with only the books they had intended to take and the remaining six 

took additional books. This is slightly more than we would expect, given (for example) 

Beaulieu’s observations (Hancock-Beaulieu, 1993), suggesting that this approach to the shelves 

increases the likelihood that readers will borrow additional resources: these readers are 

‘making their own luck’ (Makri et al., 2014). 
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Implications for online browsing: Facilitating opportunism in an online environment is 

challenging. It is possible that search results will offer enough options for readers that they 

explore and feel satisfied, however library log analysis suggests readers explore search results 

in a limited way (Cooper, 2001; Lau & Goh, 2006; Rowlands et al., 2008), and ebook borrowing 

records suggest the same (McKay, Smith, et al., 2015).  While for some readers alternative 

options will be experienced as a distraction from their main task (Waugh et al., 2017), these 

readers welcome it while not anticipating it. These readers need more than an information 

‘scent’ (Pirolli, 1997) to have the kind of rich information experience observed here; the 

shelves represent a full information experience. How best to provide an indication that such 

richness exists without limiting the experiences of other information seekers remains an open 

research question. 

Seeding by Search 
Seeding by search is the deliberate use of keyword or known-item search to generate a 

location index for an area of the shelves likely to contain relevant materials. This area is then 

browsed extensively. 

Motivation: The intention of search seeding is to browse; search is only used as a means to an 

end. While this may look like traditional topical browsing, the means by which readers access a 

topic area on the shelves is relevant for how this behaviour might be supported online. 

Serendipity is an anticipated outcome of search seeding; the shelves are actively leveraged for 

what they have to offer. Search seeding is used to meet targeted but not highly specific 

information needs; one reader wanted to read a railway engineering manual for recreation on 

his lunchbreak (eschewing with disdain the biographies of railway engineers found nearby); 

another was looking for a modern book on android programming to upskill in his current 

employment role. We observed 6 of these readers and interviewed 4, 22% of all participants.  

Behaviour: Searches may be for an individual known item, as with the railway enthusiast 

mentioned above who searched for a book he had read in the past; in contrast the android 

programmer searched merely for ‘android’. Search-seeded browsing may cover a smaller or 

larger area; while many readers engaged in search seeding examine only a small number of 

books, some cast their eyes over up to a thousand. Typical physical behaviours noted in 

observations include moving along the shelves, stepping away from and toward the shelves, 

removing and returning books and placemarking. All triage (determining whether to take a 

book) occurred at the shelves. These books were often compared on a range of axes, rather 

than simply on topic: for the programmer given above, the date the book was published was 

important. Another reader said during his process “I’ve got some generalist things, now I need 

something more specific”, meaning that his semantic interpretations of the books were 

important to him. 

Implications for online browsing: Supporting search seeding online means ensuring readers 

can access and assess a large range of semantically related books quickly; search results 

presented ten by ten are simply not going to meet the needs of this group. They need to be 

able to see alternative books while they examine individual items to replicate the experience 

of triage at the shelves, and they need access to a range of semantic and descriptive 

information about the materials they are viewing. They need to be able to pan and zoom, but 

they also need to be able to placemark. Many of these features are not new—Marchionini 

identified some of them in the 90s (Marchionini, 1997) and Kwasnik identified others (Kwasnik, 

1992).However, the requirement for visible representation of both candidate and potential 
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candidate books simultaneously is new, as is the particular combination of these features to 

meet a specific browsing behavioural need. 

Seeded by location 
Location-seeded browsing is the return to a previously-known physical area of the library to 

browse the books again. 

Motivation: Readers engaging in location seeding have similar information needs to those 

seeding by search: targeted but not highly specific. This approach is similar to the favourite 

locations mentioned in (Björneborn, 2008), but that work does not address the behaviour once 

readers reach these locations. Like search-seeded browsers, location-seeded browsers 

anticipate serendipity, however unlike search-seeded readers they have identified a fertile 

information environment for browsing without search. This browsing type accounted for 13% 

of all participants; 3 observations and 3 interviews 

Behaviour: Most location seeding requires existing knowledge of the library to identify 

browsing locations, however we observed one reader who had “gotten a librarian to show 

them [where to browse]”. Location seeding is—except for conducting a search—broadly 

similar to search seeding. 

Implications for online browsing: The main difference in requirements for online browsing 

systems between search seeding and location seeding is that in location seeding readers need 

to be able to return to a previously visited location. This might be in the form of persistent 

placemarking, or—in the case of those who accessed a librarian—overview. 

Wandering 
Wandering is using the whole library as a browsing ground in an attempt to find ‘a good book’. 

Motivation: Wandering was rare; we witnessed only two readers, both at the State Library site 

(4% of all participants). It is the closest to the ‘General Purposive Browsing’  described by 

Apted (Apted & Choo, 1971), or Celoria’s recreational browsing (Celoria, 1969). These users 

had very loosely defined goals, expressed by one as “I have a few hours and I am looking for 

something interesting to read”. In contrast to Apted, they were not looking for information 

specifically, but rather meeting a need (“finding something to read”) that involved selecting 

information. For this type of reader, serendipity represents nearly the entire plan—they are 

looking to the library to inspire them. 

Behaviour: Physical behaviour in wandering includes heavy use of subject endcaps to direct 

reader inspiration, considerable zooming, and scattershot browsing. They do not look at every 

book in a section or browse exhaustively—rather they hunt and peck. These readers both 

stood back from the shelves before grabbing books that seemed too far away to read. When 

asked why they chose a specific book, one of these readers commented that it was “a very 

good question”. Of all our types., this type of browsing looks the most like browsing described 

by Bates (Bates, 2007). 

Implications for online browsing: Supporting online wandering requires an overview of the 

library, excellent support for zooming, and an ability to see a wide range of books and select 

those that look interesting from a distance; book covers are a known element of book decision 

making, for example (Ooi, 2008; Saarinen & Vakkari, 2013). These readers are not supported at 

all by traditional keyword search; even where they can generate a keyword, the limited 

presentation of results does not meet their information seeking needs at all. 
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Summary 
We have presented six behavioural strategies observed in the library shelves. Of these, one is 

known-item searching, and the others include at least some measure of browsing. The types 

are differentiated by the motivations, intentions and behaviours of the readers engaging in 

them, and each type has different implications for online browsing. While the types have been 

presented here in relation to search, there are a number of other features that describe each 

type; these are presented below. 

Additional Features of the Six Types 
In addition to distance from search, the types can be classified in three ways: The influence of 

serendipity on the reader’s experience (and vice versa); how precise an information need the 

reader had when they approached the shelves; and how broad (or narrow) their starting point 

for browsing was. 

Serendipity is a feature frequently described as valuable by the users of library shelves (Makri 

et al., 2007; Stelmaszewska & Blandford, 2004), and indeed previous research suggested that 

library shelves are almost perfectly designed as serendipity engines (Kleiner et al., 2013). In our 

browsing types serendipity can be experienced as planned (much like the creatives making 

their own luck in (Makri et al., 2014)), grudging (where it is utilised in contrast to the original 

plan of the user) or welcome but unanticipated. 

The browsing we observed was often predicated on how specific the original information need 

was. In some cases, our users had ‘ill-defined’ needs that could not be readily described as 

queries (Belkin et al., 1982), or needs that were better met by recognition than specification of 

objects (Marchionini, 1997). While our observations are a snapshot of what might be part of a 

broader information seeking process, we did not witness information seekers using browsing 

to refine their needs, as described in (Kuhlthau, 1991; Kwasnik, 1992; Marchionini, 1997; Rice 

et al., 2001); each encounter focused on a relatively fixed information gap. 

A further classification of these types, and one key to the construction of supportive 

information systems, is the presence or absence of search. While search and browse can be 

interleaved as described in the major information seeking models (Kuhlthau, 1991; 

Marchionini, 1997), they are not always, and online browsing needs to support all five 

approaches presented here to be successful. 

The final classifier on which we can describe our browsing types is whether an original sought 

item was present, absent or unspecified. Marchionini would describe this as a feature of the 

information environment (Marchionini, 1997), and for our users it was a key defining feature: 

the absence of a sought item could lead to two further behavioural types. 

The types are described according to these classifications below: 

Type Serendipity Information need Search Item Availability 

Grab-and-go Unwanted Specific Present Present 

Satisficing Unwanted Specific Present Absent 

Opportunistic browsing Unexpected Specific Present Present 

Search seeding Anticipated Loosely defined Present N/A 

Location seeding Anticipated Loosely defined Absent N/A 

Wandering Anticipated Very loosely 
defined 

Absent N/A 

Table 1: Browsing types in terms of serendipity, information need, search and book 

availability 
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As we can see, many of the elements predicted by previous research are present—some 

browsing episodes contain unanticipated serendipity, and some are about readers actively 

leveraging serendipity (Makri et al., 2014). Some episodes are about dealing with a specific 

unmet need; others are about meeting needs that are so amorphous as to defy description 

(Kuhlthau, 1991; Marchionini, 1997). Some approaches use search, some don’t. The 

information environment is important, both in terms of whether an item is available, but also 

how serendipity and discovery are afforded (Marchionini, 1997). While each of these features 

individually could have been predicted from the literature, the way in which they combine to 

describe this browsing typology is entirely novel, and each feature has predictive value for 

adequate support in online book browsing. To support ebook browsing, we must support each 

element of the typology presented here. 

Discussion 
In this section we first describe our learnings about the nature of browsing in relation to the 

existing literature, then examine how these learnings might be applied to improve the 

experience of online browsing. 

On the Nature of Browsing 
While one contribution of this paper is to divide browsing up into six activity types, this work 

also reflects some truths about library shelf browsing that apply to all the types we describe 

except grab-and-go. Browsing at the library shelves isn't just about the sequential examination 

of interesting things as (Bates, 2007) suggests. Nor can we rely on Ellis’ circular definition of 

good browsing systems, that they ‘allow the searcher to browse, while the system provides the 

searcher with the information he [sic] requires to browse effectively’—where the information 

Ellis describes is primarily bibliographic information (Ellis, 1989).  

Shelf browsing is an exploration not just of individual objects, as Bates suggests, nor of 

individual facets of objects as Ellis’ model implies. Instead, we posit that shelf browsing is an 

exploration of information objects in the context of their relationship to each other. On 

subject-classified shelves, the predominant relationship is topic, author-sorted shelves focus 

on authors. These relationships do not operate, however, in a single dimension: even when 

subject browsing, readers are using multiple facets of any given object to make decisions 

about its value: these facets may include (without ever touching the shelf) cover style, size 

(and implicitly, length), age, and use by previous readers (Blandford et al., 2006; Hinze et al., 

2012; Makri et al., 2007; Mikkonen & Vakkari, 2012; Stelmaszewska & Blandford, 2004). In our 

observations we noted readers exploiting date relationships; topical relationships; book type 

relationships (e.g. textbooks versus workbooks); relationships of title and keyword. Indeed, the 

relationships between items drive every type of browsing in our typology: satisficing is driven 

by a need for the topically and semantically similar; opportunism is driven by the serendipitous 

presentation of the topically similar; search- and location-seeded browsing are driven by an 

understanding that shared physical location also implies shared topic; and wandering is 

characterised by a process of narrowing down objects based on their relationships. If we fail to 

recognise the need to examine these relationships and exploit them when we design 

information systems, we will surely fail to offer readers the browsing experience they need. 

When we compare our typology to the other frameworks described at the beginning of this 

paper (Apted & Choo, 1971; Celoria, 1969; Herner, 1970; Rice et al., 2001), we see a number of 

similarities: Our grab-and-go browsers are those looking for a specific item in Rice, and 

Herner’s directed browsers. Our wanderers are represented in every other taxonomy (perhaps 
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surprisingly, since they appear least frequently). Rice refers to this behaviour as incidental, 

Herner as undirected. This behaviour is similar to Apted’s general purposive browsing, and an 

exact match for Celoria’s recreational browsing: it seems this type of browsing activity is the 

easiest to recognise. In between these types, though, each model represents only a few of our 

types. Rice’s description of looking for items that share some characteristics could apply to our 

location and search-seeded browsing, where readers look for topically related materials; these 

types also match Celoria’s ‘professional browsing’, and Herner’s semidirected browsing. None 

of the previous models has accounted for satisficing or opportunism nor have they expressed 

the underpinning behaviours involved in seeded browsing of either type. While these 

behaviours are well known to practicing librarians, their absence from browsing typologies 

means that they have not been considered in relation to other behaviours, nor have they been 

considered in designing online systems. This paper aims to integrate these behaviours into a 

general understanding of browsing, and to make them visible to designers of online systems. 

How to support online browsing 
Previous work on online information seeking generally, and browsing specifically, has 

consistently noted that browsing is poorly supported online (Ellis, 1989; Kleiner et al., 2013; 

Marchionini, 1997; Thudt et al., 2012). How best to address this has been considered by a 

number of researchers: Ellis (Ellis, 1989) demanded simply that any metadata held be made 

browsable (though he was generally referring to providing clickable scrolling lists); even this 

low bar is not met by many information systems. In contrast Wilson suggests that actually, 

human computer interaction cannot generate requirements for information systems, just 

recommendations (Wilson, 1999), and Martin et al. (Martin, Greenspan, & Quan-Haase, 2017) 

suggest that attempting to move away from the physical library entirely is a mistake in terms 

of serendipity. To abandon any attempt to specify online browsing in the face of an ebook 

revolution, though, is irresponsible to future generations of readers. When over half of a 

library collection is online and much library use occurs in physical locations away from the 

library, supporting digital browsing has become a necessity.  

Marchionini suggested a number of required features of online browsing systems, including 

highly detailed and interactive representations of information and the means by which to 

manipulate them, support for zooming and panning, support for more and less detailed user 

probes to bring back useful information hunting grounds, and ways of limiting the information 

space such that the information is both manageable and relevant (Marchionini, 1997). Kwasnik 

also noted a requirement for zooming, and further noted that placemarking must be 

supported (Kwasnik, 1992). More recently Whitelaw noted the need for overview in complex 

information tasks, and for that overview to be carefully considered and as neutral as possible 

(Whitelaw, 2015).  

Overall, many of the needs we have identified in our typology—zooming, overview, 

placemarking, bringing geographically distant but semantically related items together and 

accessing semantic information alongside bibliographic information—are not new. We have 

added a further two needs—being able to examine one item while retaining a sense of one’s 

other choices, and supporting (particularly opportunistic) readers in understanding that there 

is more available if they want it. What is new is the identification of all of these components as 

key elements of library shelf browsing, and as having relevance to specific types of browsing. 

We have further extended the literature on what browsing entails, using empirical evidence to 

suggest that what has previously been described as ‘browsing’, or at most grouped into four 

tasks, is actually at least six information seeking trajectories, each with specific associated 
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needs. Our options for meeting these needs are increasing with, for example, touch 

technology, but how best to leverage these technologies to support each browsing activity 

identified here remains future work. 

Conclusions 
The revolutionary shift from print books to ebooks in libraries has made the need for better 

online browsing pressing. Some readers will not use ebooks due to the lack of a browsing 

facility; those who will still use ebooks lose a fundamental part of the human information 

seeking process, along with a major facilitator of serendipity. 

It is widely acknowledged that there is need for significant research into how to provide better 

online browsing systems; for such an important component of information seeking, however, 

browsing has consistently been treated as a ‘black box’ activity. While a number of papers 

have examined library shelf use, none has been designed to understand browsing, or how to 

facilitate it online. Equally, some authors have proposed typologies of browsing behaviour, but 

none since 1999, and none with a clear grounding in empirical evidence. It is this gap we 

address in this paper: we present an empirically grounded typology of browsing behaviour, 

along with recommendations for how these behaviours might be supported online. The 

behaviours in our typology are influenced by information seeker needs, the information 

environment, and information seekers readiness or otherwise to experience serendipity. By 

understanding these browsing types, we have identified a number of key requirements for 

online book browsing, including zooming, placemarking, and the ability to examine one item 

while retaining a sense of the other options available.  

We have further refined our understanding of what browsing means, at least where library 

shelves are concerned: book browsing specifically relies on a combination of the individual 

items Bates speaks of (Bates, 2007), and the relationships implied by Ellis’ discussions of 

browsing support (Ellis, 1989). 

There are many questions raised by this work, including the extent to which personal 

preference influences selection of browsing type, how often information seekers switch from 

one browsing type to another mid task, and what a browsing interface to support all these 

approaches might look like. These questions remain future work. 
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6. STUDY 3: HOW TO SUPPORT BROWSING ONLINE 
While a deeper understanding of browsing is valuable in and of itself, one of the drivers of this 

thesis has been to understand why online support for browsing is so poor, and to provide 

empirically grounded guidelines for improving it. Study 3 is the culmination of that work. 

This study is two pronged: it both develops a list of requirements for online browsing based on 

the observation and interview work in study 2, and it compares that list to existing systems 

that have been described as browsing. 

One critique of this approach is that browsing online is necessarily not the same as physical 

browsing: this is true, the affordances of physical spaces are very different than the 

affordances offered by modern computing facilities. Using a full understanding of the physical 

elements of complex information behaviour to drive improved online design is a well 

understood and recognised practice, though—and it has been used successfully for both 

document triage and reading (Buchanan & Owen, 2008; Pearson, Buchanan, et al., 2012). This 

thesis continues in that tradition. 

6.1 APPROACH 
This study used the findings from Study 2 to generate a list of requirements for online 

browsing. This list was compared to the browsing literature to determine whether there were 

any further requirements in the literature. None were found, but the literature offered 

significant support for the requirements I had identified. The requirements defined were then 

compared to a range of browsing systems to see whether the systems met the requirements. 

6.2 PUBLICATION 
This work generated a single publication that has been accepted for publication at the ASIST 

annual meeting in 2018, entitled ‘It Ain’t What You Do It’s the Way That You Do It: Design 

Guidelines to Better Support Online Browsing’.  

There are three clear outcomes of this work. The first is the 13-strong list of requirements for 

good online browsing, including the ability (but not requirement) to search, placemarking, 

zooming, mark-as-read, overview, rearranging the shelves and the ability to jump within a 

hierarchy. 

The second outcome is the findings about existing browsing systems. None of the systems 

examined met more than 8 of the 13 requirements, and search results and Amazon met only 

three each. The systems that met the most requirements were bespoke research systems, 

designed to be browsing supportive (in one instance) and serendipity supportive in the other. 

This concordance suggests that good support for serendipity is likely to lead to good support 

for browsing, and also that these systems are the ones most likely to be effective. 

The third outcome is an understanding of which requirements are least likely to be met: these 

are having a visual reminder of alternative options during triage, placemarking, mark-as-read 

and overview. Given that we have not yet devised successful browsing systems, focusing our 

interaction studies and development work on these hitherto neglected interactive elements 

seems likely to be the most fruitful, in terms of improving browsing experience. 
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6.3 SUMMARY 
This study used the observation and interview work in Study 2 to generate a list of 13 

requirements for effective online browsing systems. These requirements were then compared 

to systems that are currently described as supporting browsing, and demonstrated that of 

these systems only two meet even two thirds of the requirements. There were some 

requirements, such as placemarking, that were met by few or no systems, these requirements 

are a good place to focus future work. 
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ABSTRACT 

Many authors have proposed guidelines for online browsing systems, however recently 

empirical research has added depth to these requirements. There has also been a spate of 

development in online browsing systems, particularly for library shelf browsing. These strands of 

research are clearly in service of providing better browsing options in an increasingly online 

library environment, however they have not yet been brought together. In this paper we use a 

recent empirical study and a survey of the literature to generate a comprehensive list of 

requirements for browsing interfaces. We will then compare that list to the interface features of a 

range of different book browsing interfaces, demonstrating why they may be more or less 

effective, and signpost development of more effective online browsing. 

KEYWORDS 

Browsing, human computer interaction, ebooks, discovery, digital libraries 

INTRODUCTION 

Browsing is a key part of human information seeking (Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997), 

yet until very recently it has been ignored in online interfaces. Scholars have long commented that 

browsing is a field in need of further research and support (Bates, 2007; Celoria, 1969; Marchionini, 

1997; Rice, McCreadie, & Chang, 2001), but the vast majority of work on supporting online information 

seeking has been on search. There are any number of reasons why this may be true: there are clear metrics 

for search that allow scholars to measure progress against a standard set of metrics (Baeza-Yates & 

Ribeiro-Neto, 1999), and browsing meets needs that cannot be easily expressed in an online query, 

meaning its success is hard to measure.  

Equally, browsing suffers from a definitional problem in research: the term ‘browsing’ is used to refer to 

a number of behaviors in disciplines as diverse as biology and marketing. Even in information research 

there are a number of behaviors addressed by the term browsing, from web-based information seeking 

through library or collection browsing right up to a highly trained academics looking for citations, a 

behavior described as browsing by information science (Rice et al., 2001). In this paper we focus on the 

definition most commonly associated with library science: that of browsing a collection of items that 

cannot be meaningfully assimilated into the information seeker’s knowledge as part of the information 

seeking process. Further, we examine successful offline browsing as a way to improve online browsing; 

this is an approach that has been taken with both reading and triage in the past (Loizides & Buchanan, 

2009; Pearson, Buchanan, Thimbleby, & Jones, 2012). 

In all the information-based sciences, browsing has consistently been ignored in favor of search in 

research effort and research literature. With the advent of ebooks, the need for supporting online 

collection browsing has become pressing; in Australia at present over 90% of all volumes held by 

academic libraries are in ebook form12; in the United Kingdom the proportion of ebooks held by libraries 

                                                           
12 http://www.caul.edu.au/caul-programs/caul-statistics/statistics-summary-current 



 93  
 

doubled (from 10% overall to 20% overall) in four years13. This move to ebooks presents two major 

challenges for library users: ebook usability (which is a known and persistent problem (Pearson, 

Buchanan, & Thimbleby, 2010)), and—most pertinent to our work here—lack of opportunity for 

browsing. 

Readers deliberately leverage library shelves to expand the offerings of library catalogues (Marchionini, 

1997). They expect to experience serendipity, and the experience of browsing is valuable to them (Makri 

et al., 2007). They also use the shelves to provide information that they typically cannot get from library 

catalogues: recency of use by other readers, size (and weight), and the semantic information conveyed by 

book covers (Blandford & Furniss, 2006; Makri et al., 2007; Mikkonen & Vakkari, 2012; Stelmaszewska 

& Blandford, 2004). The evidence that the shelves affect which items readers borrow is consistent. In 

1993 Beaulieu noted that over half of all readers who found one book in the library catalogue selected a 

second book by browsing the shelves (Hancock-Beaulieu, 1993); our own earlier work demonstrated that 

readers tended to borrow books that are co-located on the shelves together, an effect that does not hold for 

ebooks (McKay, Smith, & Chang, 2014; McKay, Smith, & Chang, 2015). It is clear that—at least for 

print books—shelf browsing is a valuable part of the information experience; some readers have claimed 

it as a reason not to use ebooks (Hinze, McKay, Vanderschantz, Timpany, & Cunningham, 2012). 

What is not clear is how best to facilitate a similar level of browsing online. There has been a spate of 

recent attempts (e.g. (Kleiner, Rädle, & Reiterer, 2013; Pearce & Chang, 2014; Thudt, Hinrichs, & 

Carpendale, 2012)), but none have had the uptake or approbation of the major search engines, meaning 

that they simply do not hold the same value for users. It is our conjecture that this is because these 

systems have not been underpinned by a clear and empirical understanding of reader browsing behavior 

and intentions. In this paper we combine an empirical study of browsing with the literature to generate a 

comprehensive list of behavioral requirements for browsing systems, noting particularly where these 

requirements have come from empirical research. We then compare these requirements to a range of 

browsing interface styles, focusing particularly on those developed recently, and noting any reasons why 

these interfaces may not meet all needs. Finally, we suggest avenues for future development of browsing 

interfaces, taking the gaps we have identified into consideration. 

The remainder of this paper is divided as follows: first we consider the literature on browsing generally, 

presenting a working definition and examining its importance in human information behavior. Next, we 

review the literature on requirements of browsing systems and combine these with requirements from our 

observational research, identifying key aspects of browsing systems. Third, we overview a range of 

putative browsing systems, then we compare these systems to the requirements we have identified. 

Finally we draw conclusions about what effective browsing systems may look like, based on our findings. 

ON HUMAN BROWSING 

Browsing is a key part of the human information seeking process, mentioned in all the major models 

(Ellis, 1989; Kuhlthau, 1991; Marchionini, 1997). These models describe browsing as being useful for 

meeting loosely specified information needs, meeting well specified but hard to describe needs with 

recognition strategies, or refining information needs in view of constructing a query. Other models have 

noted that browsing is good for ‘social’ information seeking, and for serendipitous discovery (Foster & 

Ford, 2003; McKenzie, 2003). Even Wilson’s model of information behavior (Wilson, 1999), which 

doesn’t mention browsing specifically notes that information seeking can occur in a context of ongoing 

attention without search. Yet search is what has drawn the most research interest. Browsing also has a 

different cognitive structure than search: browsers are guided by recognizing the ‘scent’ of interesting 

clusters of documents (Pirolli, 1997), rather than producing syntactic queries as abstract representations of 

their information need (Belkin, Oddy, & Brooks, 1982). 

What, then, is browsing? Given the range of information needs it meets, it could be any number of 

behaviors; to discuss what we mean by browsing further we need to offer a definition. Bates (Bates, 2007) 

notes that browsing is the viewing of a large and interesting scene, and the identification and sequential 

                                                           
13  

https://www.sconul.ac.uk/sites/default/files/documents/Analysis%20_Loans%20ebooks%20visits%20Ju

ne%202015.pdf 
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(rather than concurrent) examination of objects of interest within it. This definition is drawn from a range 

of browsing literatures, including neuroscience and information science. This definition gives us an 

excellent working definition, and one that—as has been noted in previous research—describes library 

shelves as a near-perfect browsing engine (Kleiner et al., 2013).  

Given the effectiveness of the library shelves, replicating them in virtual reality seems an obvious 

solution to the problem of online browsing. While this is low hanging fruit, early results are not 

promising in terms of user experience (Almeida, Cubaud, Dupire, Natkin, & Topol, 2006). Further, 

merely replicating the shelves in digital space does little to challenge the problems presented by physical 

shelves. Books may be missing or checked out (Blandford, Rimmer, & Warwick, 2006); related books 

may be shelved far from each other due to the classification scheme used (Losee, 1993; Marchionini, 

1997), the top and bottom shelves are difficult to read and reach (Hinze et al., 2012; Reutzel & Gali, 

1998), and the physical shelves can result in confusion and disorientation for even the most library savvy 

of readers (Martin, Greenspan, & Quan-Haase, 2017) (McKay & Conyers, 2010). It has been suggested 

by a number of researchers that a good browsing interface would not just match the effectiveness of the 

library shelves, but better it (Hinze et al., 2012; Marchionini, 1997; McKay, Chang, & Smith, 2017). This 

is in stark contrast to readers’ existing experiences of online browsing alternatives, which are described as 

unsatisfactory. 

In this paper we draw on the literature and our own empirical work to identify what the key behavioral 

elements of this putative hyper-effective online browsing system might be, and compare those features to 

existing browsing systems. 

ON EFFECTIVE ONLINE BROWSING SYSTEMS 

A number of researchers have commented on what might make an effective online browsing system. Ellis 

suggested that all we needed to do to facilitate online browsing was to make the metadata held about 

objects browsable; however, he did not delve into what that might mean (Ellis, 1989). In contrast, Wilson 

suggested that we cannot actually describe requirements for online information systems—only make 

recommendations—because the act of information seeking is too complex, cognitive and contextual to 

allow for broad-brush support (Wilson, 1999). Marchionini noted that (Marchionini, 1997) that human 

computer interaction models were likely to offer helpful support to online browsing, however browsing 

has seen little attention even in HCI. General models of effective human computer interaction, while they 

almost certainly improve experiences with browsing systems, have not offered any dramatic insight into 

how online browsing might be better supported.  

More recently Fidel (Fidel, 2012) has suggested that the reason we only have effective search systems is 

because Information Retrieval researchers are the only information researchers who have built systems to 

test their theories. While recent developments in browsing software, such as (Kleiner et al., 2013) and 

(Pearce & Chang, 2014) disprove this theory, historically it has carried some weight. Arguably the 

(relatively) limited body of research on browsing has come from the other side of the dichotomy drawn 

by Fidel: that of Human Information Behavior. Certainly some of the drivers of online systems Fidel 

identifies—for example comparative quantitative evaluation—do not exist for browsing. We argue, 

however, that a dearth of information—particularly empirically derived data—on what might constitute 

effective offline browsing has a role to play in informing the design of better online browsing systems. 

A number of fundamental requirements of online browsing systems have been identified by early work, 

particularly Marchionini’s (1997). He notes that for any online browsing we need surrogate 

representations of the items available for browsing. These surrogates may represent ‘semantic’ or 

‘descriptive’ information about the objects they represent. Semantic information describes the ‘aboutness’ 

of an object, and descriptive information offers metadata or information about the form of an object. He 

also mentions the need to manipulate these representations in a variety of rich and interesting ways. While 

these are clearly core requirements of effective online browsing systems, they do not give us much 

implementation detail in a modern context—yes, one needs to be able to manipulate information objects 

in a browsing interface, but how and what kinds of manipulations?  

We have been addressing this question using behavioral observations in libraries, as outlined in (McKay 

et al., 2017). We observed 31 library users browsing in two very different libraries; we also conducted a 

short interview with each of them. The intentions and behaviors of these readers inform the requirements 
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developed in the following section. While it is true that such browsers are (as users of any system) limited 

by the actions they can take within that system, shelf browsing is perceived by those who do it as a 

valuable and effective information seeking strategy. Direct translations of the physical shelves into an 

online environment have been demonstrably unsuccessful (Almeida et al., 2006). However, observation 

will likely elicit a variety of behaviors and activities, some of which will almost certainly prove key to 

making online browsing successful. We present initial requirements below. Given that we currently do 

not have successful online browsing systems, it seems likely that supporting those requirements currently 

least supported is most likely to generate improvements in online browsing. 

REQUIREMENTS FOR ONLINE BROWSING 

In this section we outline empirically driven user behaviour requirements for online systems. 

Many of these are taken from our own recent work, but descriptions are supplemented with a 

full range of browsing literature. As noted in (Fidel, 2012) there has been little crossover 

between the work of human information behaviour specialists, and interactive information 

retrieval specialists. This paper draws on both disciplines (via its authors) to generate a list of 

actionable requirements. 

Requirement 1: Search 

While not all of the participants in our observations searched, the majority did use the library catalogue. 

Savvy library users have been shown to use search as a tool for locating areas of the shelves that will be 

valuable for browsing (Marchionini, 1997; Rice et al., 2001), a finding reflected in our observations. 

Further to this, many users report experiencing serendipity at the shelves after engaging in search (Makri 

et al., 2007; Waugh, McKay, & Makri, 2017). While it may seem counterintuitive that search is a key 

component of browsing, it nonetheless is essential to allow readers to follow a process that works for 

them.  

Requirement 2: Interleaved Search and Browse 

The literature suggests information seekers must be able to interleave search and browse, with each 

interaction seeding further exploration in the other mode (Kuhlthau, 1991; Marchionini, 1997). This 

interleaving is borne out by our observations, in which a number of readers left the shelves to conduct 

searches and then returned, or searched using a device in the stacks. Thus, not only must a good browsing 

interface support search, but the interaction between search and browse must be seamless. 

Requirement 3: Search-free Browsing 

While this contrasts with the first requirement, 20% of the participants in our study never searched during 

their interactions. This reflects some of the descriptions of browsing given in earlier observational studies 

(Foster & Ford, 2003; Stelmaszewska & Blandford, 2004), and is clearly an important information 

seeking strategy for those who cannot (yet?) generate a query. Given the clear hurdles users must 

surmount to reach a point where a query can be formed (Belkin et al., 1982; Borgman, 1996), search-free 

browsing is not just a requirement of good browsing, but of good information interfaces generally. 

Requirement 4: Book Set Filtering 

Observational studies of readers at the shelves generally have seen a number of strategies for actually 

making book selections. Many readers filter books based on bibliographic (e.g. date of publication) or 

non-bibliographic features (e.g. size, cover image) (Mikkonen & Vakkari, 2012; Stelmaszewska & 

Blandford, 2004). Marchionini’s work describes the need for the use of templates (Marchionini, 1997), 

which is akin to filtering in this way; though his approach could be used to limit a result set before it was 

ever seen. Whether this approach is used to frame the set of items visible to a reader, or support readers in 

filtering an already-visible set according to their requirements it is a key part of browsing. Practical 

examples of this from our observations include readers seeking only books that have been published in 

the past five years, or only textbooks. 

Requirement 5: Placemarking 

Our observations clearly identified placemarking on the shelves as a valuable part of the 

browsing experience. Readers in our study placemarked while examining the shelves by 

running their fingers along the shelves as they looked. They placemarked during triage 

(determining whether or not to take a book) placing the finger of a non-dominant hand in the 
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shelves while examining a candidate item, or placing a candidate book physically in a gap in the 

shelves marking the place they had reached in their exploration. A held finger was also used to 

help them return to a point on the shelf while they looked at other places. The need for this type 

of placemarking was also noted by Kwasnik (Kwasnik, 1992). 

Requirement 6: Mark-as-Read 

We observed two behaviors that could be supported by showing readers where they have been: re-

checking areas of the shelves that had been previously examined within a single visit, and returning to a 

previously-identified fertile browsing location. This second activity may require a form of placemarking, 

but the returning-to-area activity has been noted in other studies as well (e.g. (Stelmaszewska & 

Blandford, 2004)), and as such is a behavior that clearly needs online support. 

Requirement 7: Rapid, Seamless Zooming 

Marchionini noted the need for pan and zoom in his work on browsing requirements in the 90s 

(Marchionini, 1997). This requirement is borne out in our observations, where we saw many readers 

engage in rapid zooming from the topic overview provided by shelf endcaps to the book level and back 

again. Similarly, readers moved forward and back from the shelves, facilitating a fluid shift from 

overview to close detail. 

Requirement 8: Ability to ‘Jump’ within a Hierarchy 

We observed readers using the endcaps of shelves, and turning around within the stacks. It is reasonable 

to assume that these readers were not satisfied with the options within one view, and moved rapidly to a 

different-but-related area of the subject hierarchy. This need is borne out by our earlier statistical work, 

which shows that readers borrow books above and below a target book, and at the ends of shelves at a 

higher rate than other books (McKay, Buchanan, & Chang, 2015). 

Requirement 9: Overview 

The overview has been noted as useful for beginning a browsing process in a number of works 

(e.g.(Marchionini, 1997)), . This is borne out by our work, where readers were observed to use the ends of 

shelves to navigate to specific items or topical areas. The challenge of presenting an overview that is both 

useful and neutral have been mentioned in the literature (Kleiner et al., 2013; Whitelaw, 2015). 

Nonetheless particularly for readers with very loosely defined needs, the recognition afforded by an 

overview could help refine their needs enough to begin a more in-depth browsing process that eventually 

leads to the selection of an item or items. Neutrality is an important aspect—users of systems that 

anticipate their requirements often feel obstructed and confined by the system. Intelligence is best placed 

in the user, not the display. 

Requirement 10: Display of a (Very) Large Number of Books 

Bates notes that browsing involves a high degree of implicit rejection and decision making (Bates, 2007); 

it is this that underpins the high cognitive burden Marchionini notes as a potential downside of browsing 

(Marchionini, 1997). In our earlier paper, we commented on just how much implicit rejection was 

happening in her observations; many of the readers she observed glanced at many hundreds of books, 

either while navigating to a target item or search area, or as part of choosing the same. This is in stark 

contrast with the limited scanning of search results, where many users stop in the first page or, less 

frequently, two (Spink, Wolfram, Jansen, & Saracevic, 2001). 

Requirement 11: Rearranging the Shelves 

As noted in the introduction to this paper, digital shelves present opportunities that cannot exist with their 

physical counterparts: such as the opportunity to rearrange the shelves to meet the needs of an 

information seeker. We observed readers browsing in physically distant locations within a library because 

books on the same topic were shelved under different elements of a classification scheme. This challenge 

has also been noted by previous research on library shelving and browsing (Losee, 1993). Given that 

electronic shelves are not constrained in the same way as physical ones, good online browsing will allow 

readers to unite all the books on a single topic (or single author, or related in another meaningful way) 

into a single browsable set of items. 
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Requirement 12: Visible Alternatives 

In our earlier work, we note specifically that readers need to be able to examine one candidate book while 

retaining a visual sense of alternative options. We base this assertion on the fact that only one of our 

participants near-invariably triaged books anywhere other than in front of the shelves; this is also true in 

other observations (Hinze et al., 2012). Bates notes in her definition of browsing that browsers return 

again and again to the interesting scene in which they browse (Bates, 2007), again suggesting it has some 

visual persistence. Thus, retaining a visual sense of easily accessible alternative items is a key 

requirement of online browsing. 

Requirement 13: Convenience 

One of the major reasons given for using ebooks over print books is convenience of access: ebooks are 

available any time and from anywhere (Li, Poe, Potter, Quigley, & Wilson, 2011; Rowlands, Nicholas, 

Jamali, & Huntington, 2007). Usage analysis of ebooks bears out the importance of convenience (McKay, 

Smith, et al., 2015), which has been demonstrated in the information literature more generally 

(Connaway, Dickey, & Radford, 2011). Given this feature of ebooks, browsing systems that require 

readers to visit a specific location or use specialist equipment to browse are not likely to meet the needs of 

the average ebook reader. In fact, requiring the use of specialist equipment reimposes the negatives of 

shelf browsing—having to visit a specific location—over digital tools, and is a retrograde step. 

Summary 

The browsing system requirements presented here are based on the existing literature and our 

observational work. Each requirement has some grounding in empirical research, many of them also have 

support from information theory models. While, as Wilson suggests, it is likely to be impossible to 

narrowly specify every facet of a browsing system, this list gives us a comprehensive, empirically-based 

framework for assessing browsing interfaces. We apply this framework to the interfaces described below. 

CURRENT BROWSING INTERFACES 

A range of interfaces are described as browsing interfaces in the literature or in popular media. Some are 

longer-standing and some recent, some are research-based and some are commercial systems. We 

examine a number of these in turn, before considering them in the light of the requirements drawn from 

the research literature above. While we considered search clustering systems, such as Scatter/Gather 

(Hearst & Pedersen, 1996) or those mentioned in (Alam & Sadaf, 2013), there are no systems of this type 

currently in common use, nor are they regularly mentioned in the literature or popular media as ways to 

browse. 

Search Result Lists 

Search result lists, or ranked linked lists were the original online browsing interface. Lists were what Ellis 

had in mind when he suggested all metadata be ‘browsable’ (Ellis, 1989). Modern result lists typically 

consist of a list of 10 to 50 items, in relevance ranked order, presenting some metadata about the objects 

shown. For full-text search there is often a snippet showing the context in which the query terms have 

appeared, however this is not common practice in any of the major library book search services (the 

exception to this is Google Books). A number of approaches—for example faceted searching—have 

attempted to make search result lists more browsable (Yee, Swearingen, Li, & Hearst, 2003), but the 

fundamental information approach (which has been consistently criticized as a poor browsing experience) 

remains the same. A typical example of a book search results screen is shown below (from ExLibris’ 

library catalogue software). 
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Figure 1: Book Search Results from ExLibris Catalogue System 

Amazon-style Recommenders 

Recommender systems are one commonly mentioned means of browsing or exploration in an information 

space (Herlocker, Konstan, Terveen, & Riedl, 2004), and the best known book recommender system is 

Amazon. These systems rely on a vast quantity of user data, and present readers with related titles based 

on interactions by previous users. In this paper we focus on the Amazon recommender as the best known 

and most commercially successful of these recommenders: it presents readers with a selection of 

alternative or additional volumes for purchase showing the covers, author and title metadata, and price; 

dependent on screen resolution readers may get as few as four books or as many as 10. These offerings 

are presented in a horizontal ribbon, with arrows to move forward and backward among the options 

available. An example is shown below.  

 

Figure 2: Amazon Recommendations 

Slider-based Recommenders 

Slider based recommenders, for example WhichBook14 (a commercial system) and BookFish (Pearce & 

Chang, 2014) (a research-oriented system that is in living use) ask readers to indicate their preferences on 

a range of continua using sliders. Some of these continua, e.g. book length, are syntactic and easily 

defined; some (e.g. humorousness of a book) are more semantic and difficult to ascribe automatically. 

These interfaces are designed to allow exploration without keyword search, and show a fixed number of 

books based on selections readers have made using sliders. Bookfish allows readers to examine a book 

using an overlay, retaining a sense that the Bookfish interface persists behind the book. 

                                                           
14 http://www.openingthebook.com/whichbook/ 
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Figure 3: Slider-based Recommender Bookfish 

The Bohemian Bookshelf 

The Bohemian Bookshelf is a research system designed as a library installation by Thudt et al (Thudt et 

al., 2012). It was specifically designed to facilitate serendipitous discovery of library books and offered a 

range of visualizations. The visualizations are: 

• Color cover circles, showing books that have a similar colored cover together 

• Keyword chains, identifying target books through keyword search and then showing up to nine 

books with adjacencies based on keyword splayed out around a target book 

• Timeline view based on both the publication year and the time period a book covers 

• Book pile, a book size related visualization 

• Author spiral, a sorted list of authors presented as a seemingly infinite scroll 

These visualizations are linked, so readers can explore a book’s location between visualizations, allowing 

them to explore a range of relationships between books. This system was positively received by users but 

has not been further examined in the literature. 

Next-on-the-shelf Environments 

These environments are a library-system answer to the problem of online browsing. They aim to exploit 

topic relationship by showing the books that would literally be next on the physical shelves to a target 

book. These systems have not been the topic of academic research, but rather they exist in live systems. 

ExLibris Virtual Browse is one example of this15, University of Technology Sydney’s shelf view16 is 

another. They each represent the shelf as a horizontal ribbon, showing up to ten of the nearest books on 

the shelf. The University of Technology Sydney shelf browse is shown below. 

 

Figure 4: University of Technology Sydney Shelf Browse. 

                                                           
15 https://knowledge.exlibrisgroup.com/Primo/Product_Documentation/Technical_Guide/010The_PNX_R

ecord/150The_Browse_Section/020Virtual_Shelf_Tab 

16 http://www.lib.uts.edu.au/news/92740/another-new-way-to-browse-librarys-collection 
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Virtual Reality Systems 

There are any number of virtual reality environments to represent the library shelves. One recent example 

is the ‘Blended Shelf’ presented by Kleiner et al (Kleiner et al., 2013). This interface is presented on large 

screens, and designed to allow naturalistic interactions such as zooming by allowing readers to physically 

move toward or away from the shelves. It offers an integrated search interface, and a subject overview, 

and aims to facilitate serendipity by showing recently returned or new books when it is idle (a strategy 

shown to be effective in physical libraries). Readers can access the ‘next’ group of shelves with a swipe 

gesture, and can glimpse covers by moving to the sides of books (rather than having to move the books, 

as in the physical environment). Promisingly, this visualization also allows readers to rearrange the 

shelves according to their information needs. It is not clear from the description of this system whether 

readers can view books with a view of the shelves still visible. 

MEETING USER NEEDS 

Given all of these different representations of browsing in virtual spaces, how well are we meeting user 

needs? Do any of the interfaces described above allow readers the flexibility and serendipity afforded by 

library shelves—or, better, go beyond what library shelves offer? We have assessed each interface type 

against the criteria identified in Table 1 below. ‘Y’ represents supported requirements, ‘N’ represents 

unsupported requirements, and ‘?’ represents requirements that are ambiguously supported. 

 Search  

results 

Amazon  

recommender 

Slider  

recommender 

Bohemian 

Bookshelf 

Next-

on-the-

shelf 

Blended 

Shelf  

Virtual  

Reality 

Requirement 

met by n/6  

interfaces 

Search available Y Y N Y Y Y 5 

Search 

interleaved 

Y Y N Y Y Y 5 

Non-search 

option 

N N Y Y N Y 3 

Book set 

filtering 

? N Y N Y Y 3 

Placemarking N N N N N N 0 

Mark-as-read N N N N N N 0 

Zooming N N N Y N Y 2 

Hierarchy 

jumping 

N N Y Y N N 2 

Overview N N N N N Y 1 

Rearranging the 

shelves 

N N Y Y N Y 3 

Large number of 

books 

N N N Y N Y 2 

Visible 

alternatives 

N ? ? Y N ? 1 

Convenience Y Y Y N Y N 4 

Requirements  

supported 

3 3 4 8 4 8  

Table 1. Browsing Interfaces vs Browsing Needs 

It is clear from this table that the ability to mark one’s place in a hierarchy, and to mark what has been 

seen before are the two needs that have not previously been met by browsing systems. That this 

requirement is unsupported is particularly surprising, as it was first reported over 25 years ago (Kwasnik, 

1992). 

Search results and Amazon style recommenders are a long way from meeting browsing needs, despite 

being commonly mentioned when discussing browsing. This is largely because they require readers to 

generate search terms, a task that is notoriously difficult with loosely defined information needs 

(Borgman, 1996), and one that many information seekers would struggle with during the browsing phase 

of their process (Kuhlthau, 1991). 

The Bohemian Bookshelf (Thudt et al., 2012) and Blended Shelf (Kleiner et al., 2013) are easily the 

closest systems to meeting browsing needs, both allowing readers a range of ways to access the book 

collection, the ability to view a large number of books quickly, and a range of search and non-search 
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options. Each of them has been developed originally as an installation using specialized equipment, 

however potentially they could each be re-implemented to allow readers access from their laptops or 

tablets (neither is likely to be something that could be implemented on a mobile device.  

DISCUSSION 

While we have clear empirical evidence for what shelf browsers need from browsing systems, we have 

not yet developed systems that meet these needs, possibly as a result of the disjunct between precision 

and recall focused IR, and the non-technical contributions of human information behavior research 

described by (Fidel, 2012). 

The system we examined that was closest to meeting user needs was the ‘Blended Bookshelf’ (Kleiner et 

al., 2013), a system explicitly designed to support the requirements set down by Marchionini and Bates 

(Bates, 2007; Marchionini, 1997). The second most browsing-supportive system in our review was the 

Bohemian Bookshelf (Thudt et al., 2012) system explicitly designed to facilitate serendipity. This 

reinforces the clear indication from the literature that serendipity is a key element of library shelf 

browsing (Cooksey, 2004; Makri et al., 2007): support for serendipity goes some way to providing a 

supportive environment for browsing. 

The existing approach of information retrieval, to offer variations on search (Baeza-Yates & Ribeiro-

Neto, 1999; Fidel, 2012), is a clear confounding factor in good browsing systems: not offering non-search 

interaction was a failing of many of the interfaces we addressed. Given that browsing is consistently 

recognized as an information seeking strategy that is effective for situations where search fails—loosely 

defined information needs, tasks where recognition can help, refining information needs, requiring 

information seekers to search before they browse is setting them up to fail (Ellis, 1989; Foster & Ford, 

2003; Kuhlthau, 1991; Marchionini, 1997). This understanding is not new, Belkin (Belkin et al., 1982) 

and Borgman (Borgman, 1996) both addressed it in the 90s, however it is an understanding we simply 

must take seriously in an age where we are replacing physical with digital, and readers are lamenting the 

lost ability to browse (Cooksey, 2004; Makri et al., 2007). 

There are a number of clear and persistent gaps in our offerings for online browsing: few systems offer 

readers the ability to rapidly and implicitly reject a large number of items, which is a key component of 

both the behavior observed in our earlier work (McKay et al., 2017) and the definition Bates provides 

(Bates, 2007). No system offers placemarking, so it is entirely unclear how placemarking might be best 

facilitated online. Similarly, none of the interfaces we reviewed offer readers the ability to return to a 

previously identified fertile browsing field, nor understand what they have seen before. A final key 

element of physical browsing that is not supported by many of the systems reviewed is retaining a sense 

of the alternative options while viewing individual items. With new overlay functionalities in web 

browsers, it is surprising that this feature has not yet been implemented and thus remains untested. 

CONCLUSIONS AND FUTURE WORK 

Ellis suggested in 1989 that all that was needed to support online browsing, was to make the metadata 

held about objects browsable (Ellis, 1989). Even this low bar has rarely been met, particularly for online 

book systems, but what has become clear in the interim is just how difficult it is to make information 

collections ‘browsable’. There have been a number of attempts to define online browsing requirements; 

our own observational work has focused on deriving these requirements empirically. 

In this paper we have collated and summarized browsing requirements, then used them to assess existing 

browsing interfaces. We have demonstrated why we do not yet have a clearly successful online browsing 

system—none of the systems we reviewed met more than two thirds of the requirements. What is clear, 

though, is that purpose-built systems designed to facilitate serendipity and browsing are more effective 

for browsing than attempts to replicate part of the shelf browsing experience. They are also more effective 

than search or recommender systems. We are explicitly not arguing against the use of mechanisms for 

reader support in search results or recommender systems, however they do not, in and of themselves 

support online browsing in a meaningful way. Browsing is a key element of the information seeking 

process, and thus a key element of modern information work. To support it adequately we must 

understand and meet information seeker requirements; this paper goes some way toward that 

understanding. While we have defined a number of requirements and demonstrated they are not met, it 
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remains future work to implement systems that do address these requirements—and thus are considerably 

more likely than existing systems to support online browsing. 
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7. DISCUSSION 
Thus far I have examined browsing qualitatively and quantitatively, examining how browsing 

affects information use, what it actually is in practice, and how it might be better supported 

online. This section will contextualise my findings within the literature. It discusses my findings 

in terms of the nature of browsing, the strategies and behaviours browsers engage in, why 

browsing is still important in an age of Google, and what implications my findings have for 

supporting browsing online. 

7.1 ON THE NATURE OF BROWSING 
This thesis has substantially extended Bates’ definition of browsing. She notes that browsing 

has to occur with a ‘large and interesting scene’ (Marcia J Bates, 2007) and that it occurs in 

four steps: 

1) glimpse a scene,  

2) home in on an element of a scene visually and/or physically (if two 

or more elements are of interest, they are examined serially, not in 

parallel),  

3) examine item(s) of interest,  

4) physically or conceptually acquire or abandon examined item(s) 

Observations in this thesis have demonstrated how large a large scene must be. After my 

statistical analysis of borrowing behaviour, I would have estimated the minimum size of a 

browsing corpus to be about 180 books: a target book, plus one shelf above and one shelf 

below. Observations revealed how vastly I would have underestimated: of the 22 readers who 

engaged in some browsing (i.e. did not ‘grab and go’) over half examined at least part of more 

than one stack of shelves. This demonstrates that readers do not just acquire or abandon 

items, but that they do this at a meta-level for sections of books. 

Bates definition also seems to imply that items are examined independently of each other—

‘serially, not in parallel’—and that decisions to abandon or acquire are made free of the 

context of the other items that have been examined more or less closely. This was simply not 

the case in my observations. Repeatedly when observing readers browse, I saw comparisons 

between items. One reader wanted only books that were a certain age or younger, another 

wanted only textbooks. A further reader selected a book because the language was pitched 

more at the right level for her. One participant had two books open at the same time, to 

compare tables of contents to see which was pitched at the right level for his needs. The 

algorithmic approach to information retrieval in these instances would be to direct these 

readers immediately to the material they sought, without ever showing them a book with 

more challenging language, or an older book on a topic; this is in fact the very aim of precision 

in information retrieval (Baeza-Yates & Ribeiro-Neto, 1999), to not show an information seeker 

any item that they will not ultimately select. Search technologies such as faceted search are 

designed to allow information seekers further precision, by instantly removing unacceptable 

alternatives. 

Browsing, though, at least as my participants practiced it, is not about precision. Search-

seeded browsers—those who used search to identify a fruitful location for browsing—used 
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search to broaden the pool of possible options. Browsers engaged in what I termed 

opportunism were tempted by the visual display of the shelves to do the same. Equally, 

though, browsing isn’t about a dive into chaos; my participants used the physical cues around 

them to refine the pool of interesting options to a manageable size—as Bates points out, 

choosing not to examine an item is a rejection (Marcia J Bates, 2007). Thus as readers make 

these decisions, they are implicitly rejecting the alternatives. If the shelves were entirely 

chaotic, it would not be possible to narrow the field, and such rejections would be at random. 

The key elements of browsing seem to be a manageable sized pool of objects with some 

relationship between them. 

Given these observations, it is clear that what is missing from Bates’ definition, at least for 

collection browsing, is the sense of the relationships between items. Browsing is not, as Ellis’ 

definition suggests, only about the relationships between items (Ellis posited that to make a 

collection browsable a system must simply ‘allow the searcher to browse, while the system 

provides the searcher with the information he [sic] requires to browse effectively’ (Ellis, 

1989)). Collection browsing is neither solely about the individual objects, nor just about the 

relationships between them. Instead, I posit that browsing in information seeking is an 

exploration of information objects in the context of their relationship to each other. As Bates 

put in in 1989, each step on the way to the things that are ultimately selected is information 

gathering (Marcia J Bates, 1989), rather than ‘noise’ as ‘extra’ clicks are described in 

information retrieval (Craswell & Szummer, 2007). On subject classified shelves, relationships 

focus on subject, on author-sorted shelves (as seen in many public libraries) it is limited by 

author (Ooi, 2008; Saarti, 1997). These relationships do not operate, however, in a single 

dimension: even when subject browsing readers are using multiple facets of any given object 

to make decisions about its value: these facets may include (without ever touching the shelf) 

cover style, size (and implicitly, length), age, and use by previous readers (Blandford et al., 

2006; Makri et al., 2007; Mikkonen & Vakkari, 2012; Saarinen & Vakkari, 2013; Stelmaszewska 

& Blandford, 2004). 

As evidence for this definition, I turn to my observations of browsing in Study 2. Readers in my 

observations repeatedly exploited the relationships between books that the shelves offered 

with their behaviours. Placemarking as a behaviour is one example of this; an implicit 

demonstration of understanding that if one book from a certain section of the shelves doesn’t 

meet one’s needs, another book from the same place might. Equally, vertical movement or 

turning around to look at the next shelf is exploiting subject organization by making a 

significant jump within a subject hierarchy: a reflection that the books they are looking at are 

not quite right for their needs, but books nearby may be. Triaging at the shelves, particularly 

where readers are selecting books on specific, non-bibliographic criteria is another form of 

constructing meaning in the relationships between individual items—remaining within the 

shelves to triage Readers also demonstrated behaviours that constructed relationships that 

were not supported by the shelves: browsing intensively in two locations for books on the 

same topic, for example or, as mentioned above, rejecting books over a certain age. This type 

of sensemaking could be supported online in a way that it is not supported in physical space. 

Browsing strategies also demonstrate evidence of exploiting relationships between individual 

items. As mentioned above, search seeding and opportunistic browsing both exploit subject 

relationships at the shelves, to expand, rather than contract a set (in contrast to Loizides’ 

model of triage, which shows continual narrowing (Loizides & Buchanan, 2013)). Satisficing is 
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also exploiting relationships between items at the shelves, though one participant was also 

refining along a semantic axis, looking explicitly for a textbook. The only strategy that shows no 

evidence of considering the relationship of the item to the things around it is grab-and-go, 

which is explicitly not browsing. 

Given all the axes along which items may be related—for example topic, authorship, age—

there are a number of spaces in which browsers can and do construct meaning. They are 

choosing items to look at examining them in more detail sequentially, but these items are 

chosen specifically in the context of their relationship to each other. Taking these readers 

directly to the item or items they eventually choose would not meet their information needs; 

the process of selection, relationship exploration and refinement has in and of itself been 

valuable to them. Thus browsing can be seen neither as the examination of individual items, 

nor the investigation of classes of things: it is the exploration of both, in concert. 

7.2 A NEW TYPOLOGY OF BROWSING 
It seems likely that browsing, like search is more than one activity, and that the activity will 

dictate what types of relationships are exploited during browsing, and how. Understanding 

users strategies and goals is a key element of supporting them in the transition to digital 

browsing, and the prior work in this space is predominantly from a time where online 

information seeking did not exist, and not empirically grounded. I generated a new taxonomy 

of browsing in Study 2; this is presented in the context of the broader literature below. 

The previous work on generating a browsing typology has been fairly limited, nonetheless the 

types discovered in the observations presented here do bear some relationship to them. The 

‘wanderers’ seen in this thesis appear in every other typology—the ‘serendipity’ browsers in 

Cove’s work (Cove & Walsh, 1988), the undirected browsers in the very early literature (Apted 

& Choo, 1971; Celoria, 1969; Herner, 1970), and ‘goal free browsing’ in Rice’s framework (Rice 

et al., 2001). This type of browsing is perhaps the most relatable, the person ‘looking for a 

good book’(Cooksey, 2004). 

At the other end of the spectrum is ‘grab and go’, which while it is described as ‘search 

browsing’ by Cove, directed or specific browsing by the early work, and non-browsing by Rice 

et al. In a world of digitized information, non-browsing is exactly what this type of information 

seeking should be: being presented with options other than the desired choice is a hindrance 

to these readers. 

The browsing types described in the literature address some circumstances simply not seen in 

the work presented here—Rice’s monitoring and Celoria’s professional browsing speak of 

repeated and regular visits to the library to see what has changed, much like Ellis’ monitoring 

(Ellis, 1989). This type of information seeking is again a behaviour that should no longer be met 

by browsing—if the goal is to see what has changed or remain up to date, there are tools such 

as electronic alerts (adopted by many researchers) that far better meet this need than 

browsing could (Lynn Sillipigni Connaway, Dickey, & Radford, 2011). Similarly there was no 

evidence in the observations or interviews here of the highly planned or structured evaluative 

and systematic browsing seen in Rice’s framework. It seems likely that this was influenced by 

changes in the information landscape: the data underpinning Rice’s framework was collected 

in 1991 (Rice et al., 2001), where the library was the predominant or only means of accessing 

information. The information seekers studied in this thesis have access to a plethora of 

information resources that simply were not available in 1991, and on average only visit the 
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library once in four months (McKay, Smith, & Chang, 2015). The changing information 

landscape has brought with it vast changes in the way readers access books (Rowlands & 

Nicholas, 2008), changes in the amount and type of material academics read (Talja & Maula, 

2003; Tenopir et al., 2009), and a focus—at least some of the time—on convenience (Lynn 

Sillipigni Connaway et al., 2011; McKay, 2011). 

Turning to the remaining browsing strategies in the framework presented here, the only 

classification that has any analogues is Rice’s framework. Like the framework here, Rice 

describes opportunistic browsing, but from a user perspective there is little difference 

between Rice’s opportunistic browsing and situational browsing, both of which are driven by 

being confronted with interesting items at the shelves; certainly our participants did not make 

this distinction. 

Rice describes ‘focus browsing’ as using a call number to generate a valuable field for 

browsing, a behaviour also mentioned by Marchionini (Marchionini, 1997). This is analogous to 

search seeding in our typology, but the behaviour we observed was not as tightly structured as 

Rice’s participants, perhaps because the data from Rice’s study is from 1991, when the library 

was the predominant or only option for information seeking, thus it behoved information 

seekers to have a deeper understanding of the library as an information system. 

Two types of browsing in my taxonomy have no analogues in previous work: location-seeded 

browsing, and satisficing. The lack of recognition of satisficing is perhaps not surprising, as 

satisficing was first recognised in the information science literature in 2002 (Agosto, 2002), a 

full ten years after the data was gathered for Rice’s work and a year after the publication of 

Rice’s book (Rice et al., 2001). Location seeded browsing has a related type in Rice’s taxonomy 

in evaluative browsing, but evaluative browsing is focused on identifying what has changed, 

rather than identifying any materials of interest, again a reflection of the changing role of 

libraries in the information landscape. Location seeded browsing also has an analogue in 

Björneborn’s serendipity framework—that of favourite locations, but again this is not 

specifically linked to topic, the way it was in my observations. 

The needs represented by the framework of browsing presented here have some 

commonalities with the earlier work in this space, but overall represent a move away from 

libraries being the predominant or only information source. The strategies described even in 

Rice et al rely on deep and intimate knowledge of both the library and their collections—given 

the range of information sources used even ten years ago (books, online sources, ebooks, 

libraries) and the range of reasons for using them (completeness, convenience, preference) 

(McKay, 2011; Rowlands & Nicholas, 2008) any approach that assumes a deep knowledge of 

the library will fail information seekers. The framework presented in this thesis represents the 

browsing habits and practices of information seekers in a modern information environment, 

and it is these challenges we need to meet. 

7.3 BROWSING BEHAVIOURS 
Having looked at browsing strategies, I will now turn to the individual behaviours that 

underpin browsing.  

A number of commentators have identified browsing behaviours. The earliest work on this was 

Kwasnik who divided browsing behaviour into orientation, a starting phase where the 

environments is understood; placemarking, to allow browsers to remember objects; 
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identification, relevance decisions; resolution of anomalies, an attempt to understand objects 

that were otherwise unclear; comparison, comparing objects; and transition, moving on to the 

next phase (Kwasnik, 1992). Marchionini later developed a set of four tactics—scanning, 

observing, navigating within a collection, and monitoring a collection for changes that describe 

browsing at a high level (Marchionini, 1997). Some of these behaviours, such as placemarking 

and scanning appear in the behavioural typology presented as part of this work, however 

many of these actions appear to exist at a tactical level between the strategies described 

above and the behaviours described in this thesis. While my work does not address behaviour 

at a tactical level it does present the first generative study of adult browsing behaviour since 

the advent of the internet. 

In contrast to the high-level behaviours above, Reutzel and Gali created a typoloy of shelf level 

behaviours that children use as part of book selection—squatting, reaching up, tilting their 

heads, half removing books from shelves (Reutzel & Gali, 1998). This framework has been 

successfully applied to adults but was not generated from their behaviour (Hinze et al., 2012), 

and adult information seeking behaviour is different from that of children (Borgman et al., 

1995). Addressing adult behaviour from a generative perspective, as I have in this thesis, many 

of the same behaviours emerged. The behaviours described in this thesis extend beyond just 

book selection, though, and include the range over which readers browse, their search 

behaviors, and the tools they used. 

The other framework that includes related behaviours related to the one in this thesis is Rice’s 

browsing taxonomy (Rice et al., 2001). While some of the elements of that description of 

browsing are strategic, some describe highly specific behaviours. There are two that are 

reflected in the behavioural taxonomy in this thesis. The first is exhaustive browsing, which is 

directly analogous to exhaustive browsing presented here. The second is systematic browsing, 

which analogous to ‘local’ browsing as presented in this thesis—exploring more than one area 

of the library in depth. 

The typology of browsing behaviour presented in this thesis touches on much of the previous 

literature, but is the first of its kind that comprehensively describes adult browsing actions at a 

high level of detail. While this is a contribution in and of itself, it is also likely to lead to 

developments in online browsing systems. 

7.4 THE CASE FOR BROWSING IN A GOOGLE AGE 
While a number of commentators believe that browsing is essential and being lost by the 

move to online books (Cooksey, 2004; Cull, 2011), other commentators believe that the 

improvement of search algorithms makes browsing irrelevant (Fidel, 2012). This approach is 

particularly common among information retrieval specialists, who see additional clicks on the 

way to an ultimately selected item as noise (Craswell & Szummer, 2007). 

Loizides’ model of information retrieval (Loizides & Buchanan, 2013)—search then triage, 

narrowing the number of options until the desired information is found—is a common 

perception of how we look for and find information in an age dominated by Google. The data 

presented here, though, demonstrated readers behaving in a manner deliberately counter to 

this: search seeding, for example is deliberately using the shelves to broaden the pool of 

options after a search is constructed. Rather than a funnel, these information seekers want 

their pool of options to look like a Grecian urn, narrowing at the point of search, then 

becoming broader as they approach the shelves before narrowing again. The question, then, is 
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whether this is aberrant and minority behaviour, or whether information seekers commonly 

behave this way. 

Early studies of browsing (Hancock-Beaulieu, 1993b; Losee, 1993) and a more recent self-

reporting survey have shown approximately half of all library users engaging in browsing 

(Kleiner et al., 2013). In the observations here nearly two thirds of information seekers 

engaged in browsing of some form, and in the State Library—where the books could not be 

checked out—all but two readers browsed. Browsing is clearly still an important, valuable and 

useful strategy for many information seekers, not just an academic or rarefied few; one of the 

libraries studied was a public library, and the vast majority of participants in the university 

library were undergraduate students. 

It is clear from the differences between my work and the earlier descriptions of browsing that 

some of the skills and approaches brought to browsing 25 years ago are no longer frequently 

in play (Rice et al., 2001). This does not mean, however, that browsing has become irrelevant, 

as some commentators claim and others fear (Bell, 2004; Brophy & Bawden, 2005; Cooksey, 

2004; Mann, 2008). Study 1 in this thesis demonstrated that, where it is available, browsing 

has a near ten-fold impact on what books get borrowed from a library, an increase that does 

not exist for ebooks. Further, all the participants in our study voluntarily engaged in browsing, 

despite having a number of online alternatives available to them. This browsing may not have 

been as focused and deliberate as what Rice observed, but many of the behaviours and 

approaches were the same. 

Ultimately there is clear evidence that browsing is an intentional, specific, valued and useful 

behaviour that runs counter to the behaviours engaged in by searchers and supported by 

search systems. The commentators who worry about the disappearance of browsing (Cooksey, 

2004; Cull, 2011; Mann, 2008) are right to be worried, not because it means the disappearance 

of a behaviour, but because it means a deeply impoverished and unsatisfactory information 

seeking experience for many information seekers. Better browsing systems are clearly needed, 

but how? This question is addressed next. 

7.5 BROWSING ONLINE 
Fidel notes that information retrieval specialists have been the driving (she claims only) force 

in information interface development, and that this has dramatically affected the types of 

information interface available to us (Fidel, 2012). One of the underlying features of search 

interface development has been metrics: having precision and recall as metrics has allowed 

researchers to demonstrate improvements to algorithms (Baeza-Yates & Ribeiro-Neto, 1999), 

however marginal these improvements may be to information seeker experience (Zobel, 

2018).  

The statistical work in this thesis demonstrated a tenfold increase in probability that a book 

would be borrowed if it was near another book that was borrowed on the same day; this 

finding could perhaps be the beginning of quantifying browsing in a way that would allow 

performance comparisons between browsing systems. We do not yet know how much support 

for online browsing is possible. It might be that a tenfold increase in loans of near-neighbour 

books relative to search systems is the gold standard for browsing, because display and 

interaction capabilities are so limited (Jervis & Masoodian, 2013), or it could be that the 

opportunity to digitally rearrange the shelves (Marchionini, 1997) means that a tenfold 

increase in borrowing is the bottom end of what we might expect. Developing clear metrics, 
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though, could incentivise system development, as we have seen with precision and recall in 

search (Fidel, 2012). 

More important than quantifying browsing, though, is the clear discovery that systems 

designed to support browsing—Kleiner’s blended bookshelf (Kleiner et al., 2013)—or 

serendipity –Thudt’s Bohemian Bookshelf (Thudt et al., 2012)—meet more of the user 

requirements of browsing systems identified by observation than systems designed for search, 

recommendation or exploration. On the one hand this is obvious: of course purpose-built 

systems are likely to be better. On the other hand, it shows a clear gap in system development 

around browsing support, and further strengthens the tie between browsing and serendipity: a 

system designed to support serendipitous discovery is also very good at supporting browsing. 

Even the systems that supported browsing best, though, met only two thirds of the 

requirements developed in this work; one key requirement that was met by neither system is 

convenience: both systems required specialist equipment and were accessible only in libraries. 

As a limitation, this is critical for systems designed to facilitate online browsing: convenience is 

a key advantage of online information (Lynn Sillipigni Connaway et al., 2011; Nicholas, 

Rowlands, & Jamali, 2010; Rowlands et al., 2007). Other requirements were met by only one 

browsing system or by none. These features were placemarking, marking an area as browsed, 

retaining a visual sense of alternative items while triaging, and overviewing the collection. 

Given that no browsing system has had widespread uptake, it seems likely that addressing 

these features first is likely to prompt the largest gains for user experience of online browsing. 

Three of these requirements are cognitive supports for managing large numbers of options 

during triage—placemarking, mark as read, and the retention of visual alternatives all help 

information seekers remember where they are up to and make decisions. Browsers have 

clearly developed strategies in the physical environment for managing the large cognitive load 

browsing imposes, we need to support them to do this online. 

Stepping down to the features that are supported by two or fewer systems, we find that they 

are to do with the size of the information landscape in which information seekers browse; that 

is supporting browsing of a large number of books, rapid and seamless zooming, and the ability 

to jump within a hierarchy. Thus a further consideration for browsing system developers is 

how to support information seekers in both viewing and managing to view a large number of 

candidate items, something not done by search results or recommender systems, for example. 

Previous literature has suggested that browsing is poorly supported online (Apted & Choo, 

1971; Marchionini, 1997; Rowlands & Nicholas, 2008), the work in study 3 of my thesis has 

both confirmed this and demonstrated why users may experience that support as poor. 

Developing metrics to measure the success of a system in supporting browsing might 

incentivise such development among goal-driven information retrieval specialists. It is clear 

from the analysis presented here that specialist system support for browsing is necessary, the 

systems that were most supportive of browsing were those designed to support browsing or 

serendipity. This work also suggests some clear avenues for development that would be likely 

to bear early fruit in browsing support. These are cognitive support for browsing and managing 

information while browsing, and support for viewing and managing large numbers of 

candidate objects. It is these avenues that should be explored first in future work. 
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7.6 BROWSING AND SERENDIPITY 
Serendipity—the accidental discovery of useful material—is repeatedly and explicitly 

mentioned in both information behaviour models (Foster & Ford, 2003; Marchionini, 1997; 

McKenzie, 2003) and user studies of browsing as a reason to browse (Blandford et al., 2006; 

Hinze et al., 2012; Makri et al., 2007; Stelmaszewska & Blandford, 2004). It is also described as 

one of the losses engendered by ebooks by readers (McKay, 2011) and academic 

commentators alike (Cooksey, 2004; Cull, 2011). 

The findings in this thesis support the idea that there is a relationship between serendipity and 

browsing. One example of this is the finding that there is a small spike in co-borrowing at 600-

700 books from a target book. This distance could plausibly be the ends of stacks, a location 

where serendipity has been observed in earlier work (Hinze et al., 2012). Another finding from 

this work that supports the relationship between serendipity and browsing is the finding 

mentioned above, that a system designed for serendipity is also highly supportive of browsing. 

Key research on serendipity has uncovered some of the preconditions for it, and the ways in 

which information seekers engender serendipity for themselves (Makri & Blandford, 2012a; 

Makri et al., 2014). These features include mental space, taking unfamiliar paths, willingness to 

be flexible about boundaries, being observant, and exposure to trigger rich environments. 

While none of the participants in the work presented here explicitly mentioned serendipity, 

their strategies exposed a range of approaches to serendipity. 

Those engaging in grab and go information selection were not open to serendipity at all, and 

even the perfect environment to serendipity would not tempt them—they are likely to view 

serendipity as detrimental to the information experience (as in this study (Waugh et al., 

2017)). Those who satisfice are willing to use the shelves to locate substitute items, but do not 

experience this as serendipitous—serendipity is a happy accident, and in this instance 

replacing the originally sought item is grudging. 

Those engaging in wandering, location seeded browsing, and search seeded browsing are 

displaying the characteristics most commonly associated with serendipitous encounters: 

deliberately exposing oneself to triggers and approaching those triggers with an open mind 

(Makri et al., 2014). Moving through the library may also result in paths not taken, and the 

process of browsing requires being visually observant. These features again show a clear 

relationship between serendipity and browsing, even if browsers do not mention serendipity 

explicitly. 

Finally, opportunistic browsing looks like true serendipity—the happy accident of discovering 

more at the shelves than was anticipated. While this isn’t deliberate serendipity seeking, it 

does show an open mind on the part of the browsers engaging in this behaviour. 

While there are clear ties between browsing and serendipity, the exact nature of the 

relationship bears further exploration. Browsing is an information behaviour, and serendipity is 

an information experience. It is not clear how tightly coupled they are, given that browsing is 

used for information needs other than experiencing serendipity—finding alternative items and 

collection understanding for example (Marchionini, 1997; Rice et al., 2001). How closely 

coupled serendipity and browsing are, and the extent to which supporting one supports the 

other remains a question for future work. 
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8. CONCLUSION 
The overarching goal of this thesis is to understand browsing in a way that made it possible to 

point to avenues for better online support. In service of this goal, this thesis has presented 

three studies on browsing. The first was a statistical analysis addressing the prevalence of 

browsing and its impact on information use. The second was multipart study including 

observations and interviews addressing the behaviours and strategies that make up browsing. 

The third and final study was a requirements analysis based on what was learned about 

strategies and behaviours, which was then compared to existing browsing systems to identify 

gaps in support. 

This work was driven by a personally held ethical belief: that we ought to support information 

seekers in finding information in the best ways for them, not the best ways for us as system 

designers. My research agenda is informed by agency: I do not believe that information 

seekers should be forced into a particular interactive paradigm to meet their information 

needs—the systems we offer should support users in finding information in a way that suits 

their needs, preferences, and context. Further, I actively do not believe that the systems and 

processes we offer should force information seekers to seek help from expert intermediaries; 

allowing people to find and choose the right information for and by themselves ensures they 

get the best information for them. While guidance from professionals is sometimes needed, 

for example on issues of health and safety, the vast majority of the time allowing information 

seekers to do things on their own, and in their own way is affording them agency and dignity; 

which is—from my perspective at least—an ethical good. 

In this section I outline the major contributions of this thesis, then address the practical 

implications of those contributions. I reflect on my research method and clarify the limitations 

of this work, and identify avenues for future work. 

8.1 CONTRIBUTION 
The work presented in this thesis has made a number of contributions to our understanding of 

browsing and browsing systems.  

The first contribution of this work is a library-wide understanding of browsing. The work 

presented here demonstrates that shelf co-location is a strong predictor of books being 

borrowed together. This effect is not explainable by shared search terms or shared topic—it 

does not exist for ebooks used by the same library population as the print books in one part of 

this study. The effect is consistent across libraries, and across classification scheme types—it is 

present for both Dewey Decimal Classified libraries and those classified by Library of Congress. 

This effect appears to exist for books above and below a target book, as well as for those to 

either side. This effect is stronger at the weekends than on weekdays; given that browsing is 

cognitively intensive (Marchionini, 1997), and related to serendipity which requires time 

(Makri et al., 2014), this is not surprising. However, it does demonstrate that the effect seen is 

specifically related to human behaviour, rather than artefactual: weekends are a human 

construct; thus a change in behaviour at weekends demonstrates some level of human 

intention. The final contribution of this statistical analysis is a potential avenue for developing 

browsing metrics. The books within five either side of a borrowed book are ten or more times 

more likely to be borrowed than books in the rest of the collection. This is the first attempt in 

the literature to quantify browsing, further development and assessment in this space could 

make browsing a measurable activity. 



  
 

113 
 

The second contribution of this thesis is a renewed and in depth understanding of browsing 

and browsing behaviour. Browsing has previously been considered to be about the 

examination of individual objects, or about the relationships of objects to each other, but the 

work in this thesis leads to a different view of browsing: that it is about exploration of objects 

in the context a broader information structure. This is a change from the definition of browsing 

generally, and a stark contrast to the work on online browsing, which has focused on web 

browsing (which is information acquisition, not selection), exploratory search, and faceted 

search. 

I have further contributed a comprehensive typology of browsing behaviours, including 

some—such as scattershot browsing, running fingers along the shelves, and triage at the 

shelves, that have not been documented before now. The largest contribution to 

understanding browsing behaviour, though, and perhaps the overarching contribution of this 

thesis, is a new framework of browsing strategies. The most recent previous work in this space 

was based on data from 1991 (Rice et al., 2001), well prior to the internet era. This framework 

comprises six behaviour types: 

• Grab and go, which is non-browsing behaviour where only a single book will do 

• Satisficing, where the reader wanted a specific item, but grudgingly selects a substitute 

when the preferred item is not available 

• Opportunism, where the information seeker had not intended to browse but is 

tempted into doing so by the options they can see at the shelves 

• Search seeded browsing, where a catalogue search is used to generate a semantic 

address for a fertile browsing location 

• Location seeded browsing, where the information seeker approaches an area of the 

shelves known to be fruitful for browsing. This knowledge can come from librarian 

direction, or—more commonly—previous knowledge of the library 

• Wandering, where there is no clear goal of information seeking, and the library as a 

whole is the information pool. 

This typology excludes some of the more detailed, repeated and highly trained activities in 

previous work, a result of the changing information landscape. It also introduces two new 

browsing types, satisficing and location seeded browsing, that have not been described in 

previous literature. 

Based on a requirements analysis of observed browsing behaviour, thirteen requirements for 

effective online browsing systems were developed, which form the final major contribution of 

this work. These requirements were compared to existing browsing systems, and even those 

that met the highest number of requirements were found to only meet eight out of thirteen 

requirements. This explains why we do not yet have effective browsing systems—we are not 

meeting user needs. Search certainly forms a part of those needs, and the interleaving of 

search and browse seen in other studies was present here, too. Search cannot be the only 

interactive information retrieval paradigm, though; we must allow for other kinds of 

information seeking, encountering and exploration. 

The systems that met the highest number of requirements were a system purpose built for 

browsing, and a system designed for serendipity support. This clearly shows that where care is 

taken to support browsing in online systems, they are more effective. There were two types of 

requirements that were poorly met generally: cognitive support for managing browsing, which 
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is a cognitively intensive activity, and support for viewing a large number of objects. These are 

clear avenues for future development. 

The final contribution of this thesis is a new understanding of the relationship between 

browsing and serendipity. Support for serendipity appears to support browsing activities; 

conversely browsing activities seem to rely on many of the same underpinning structures and 

motivations as serendipitous encounters. The precise nature of this relationship remains a 

problem for future research. 

8.2 PRACTICAL IMPLICATIONS 
Information is inexorably increasingly moving online; a change that has many benefits for 

information users. This move is not an unmitigated good, however. The work in this thesis 

demonstrates that supporting browsing online is a key requirement of supporting effective and 

usable information interactions. Browsing has a consistent and measurable impact on what 

information is accessed, and in the observations presented here over half of all information 

seekers engaged in some form of browsing. 

The findings in this thesis point to some of the ways in which browsing might be supported. 

The list of browsing requirements provides a clear roadmap for development of browsing 

systems. In particular, development should focus on supporting information seekers in making 

decisions in cognitively rich environments, and on displaying and managing displays of very 

large numbers of objects. 

8.3 METHOD 
The multimethodological approach, and specifically the mixed methods approach taken in this 

thesis was a clear requirement of the questions asked. To scientifically confirm the impact of 

browsing on information use required a quantitative approach, to understand the nature of 

browsing required a qualitative method. Both methods follow in a long history of information 

behaviour research, using log analysis to understand user behaviour across a cohort (Lynn 

Silipigni Connaway, Budd, & Kochtanek, 1995; Hancock-Beaulieu, 1993a; Lau & Goh, 2006; 

Nicholas, Huntington, & Watkinson, 2005), and observation and interview to understand 

individual behaviours and motivations (S. Cunningham et al., 2013; Hancock-Beaulieu, 1993b; 

Makri et al., 2007; Stelmaszewska & Blandford, 2004; Talja & Maula, 2003). This approach 

further follows in a long tradition of information behaviour research specifically and HCI 

research generally of examining behaviour with artefacts from an earlier version of technology 

(sometimes physical, sometimes digital) to inform design (Blustein, Rowe, & Graff, 2011; 

Marshall & Bly, 2005; Pearson, Buchanan, et al., 2012). 

To understand what to look for during observations, it was necessary to understand whether 

browsing was a behaviour that readers still engaged in in an internet-enabled era, or whether 

it was an ideological idea and what was needed online was support for feeling like they had 

had the option to browse. Once it was confirmed during the first, quantitative study that 

browsing actually happens in physical spaces, understanding what it actually is as a behaviour 

was necessary, as was understanding how those who engaged in it understood it. Only at this 

point, given a traditional scientific approach, and the approach used in decades of HCI 

research, was it possible to determine what a system should do. In terms of a contribution to 

our knowledge about browsing, this approach has been broadly effective.  
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Some might argue that for this to be a truly traditional HCI thesis from a computer science 

department, I ought to have prototyped or built a system. Not doing so it was a deliberate 

decision in favour of rigour. This work identified a number of previously unidentified 

requirements for browsing systems, each of which may require relatively complex interactions. 

To understand how those features might then have fit together to provide a browsing 

experience that is lightweight and joyous, as browsing has been described is not the work of a 

single study—it may indeed, be a PhD in and of itself. Rather than produce another browsing 

system that fails users, I have opted to hold system design and testing over for future work. 

8.4 LIMITATIONS 
In addition to choosing not to develop a system, there are a number of limitations to this work. 

The largest limitation is context; all the data used in this thesis has been gathered in academic 

or non-fiction research libraries, and the vast majority of it has been gathered in Australia. 

Changing the context of the work to fiction collections, for example, is unlikely to change the 

need for browsing, but may well change some of what is needed to support it. 

Taken further, the literature on browsing shows a number of similarities between browsing 

books and browsing other types of material represented by surrogates (such as music and 

video). This thesis did not examine browsing of any other information type, so while the 

findings may be transferable, this thesis cannot demonstrate that conclusively 

A further limitation of this study is methodological: it addresses observed behaviour, and self 

report of motivations and behaviours but does not address the cognitive approach of users 

directly in conjunction with browsing. While observation allows us to see what information 

seekers do, it cannot tell us what they are thinking about what they do, nor what they are 

looking at. Further studies using think aloud protocols or eyetracking could address some of 

these limitations. 

8.5 FUTURE WORK 
One avenue for future work arising from this thesis is determining how transferable the 

findings are to other domains. While the strength of the findings about the importance of 

browsing to information seekers and information seeking suggests that browsing will be 

important with other information types, it is not clear that browsing strategies and 

requirements will be the same between information types. 

Another avenue for future research is the development of metrics to evaluate browsing 

quantitatively. One of the challenges in system development has been that it has not been 

incentivised by clear ways to measure improvements in browsing, a key feature of information 

retrieval development. One way to involve the developers in the information retrieval 

community, who are not typically interested in information behaviour (Fidel, 2012), would be 

to offer them ways to measure the effectiveness of browsing systems that matches their 

expectations for search systems. 

Turning more toward information behaviour, the relationship between browsing and 

serendipity bears further exploration. While it is clear that there is a relationship, how tightly 

coupled these two elements of information are, and how much support for one will lead to 

support for the other are questions for future research. 
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The largest and most obvious avenue for future work, though, is the development and testing 

of online systems. This thesis provides suggestions as to the most important and least explored 

features. More importantly, though, it provides clear justification for the value of developing 

systems that support browsing, an information behaviour that is very much alive and well, but 

poorly supported online. 

While the studies that comprise this thesis have made a contribution to our understanding of 

browsing generally and online browsing specifically, they have also revealed a rich and 

untapped vein of future research. The work presented here could give rise to new 

understandings of browsing in domains other than books, and have given us some pointers to 

metrics and serendipity research. Most importantly, though, the findings of this thesis could—

and should—inform the design of future information systems to support not just search, but a 

whole range of information behaviour including browsing. 
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APPENDIX 1: ON BIRTHING DANCING STARS: THE NEED 
FOR BOUNDED CHAOS IN INFORMATION SYSTEMS 
This paper is included here as an example of further thinking generated by the work in this 

thesis. It is not part of the thesis, and covers information behaviours and experiences—such as 

creative problem solving and serendipitous information encounters—that are not part of this 

thesis. Nevertheless this paper was born in the same frustrations with search as the work 

presented in this thesis. It presents a theoretical description of the directions work in 

information systems might go in to support a broader range of information experiences than 

current systems do. 

This paper has been submitted to the ACM conference for Computer Human Information 

Interaction in Information Retrieval 2019 as a perspectives paper, and at the time of writing is 

under review. I consider it the conceptual thinking that is the future trajectory of my work in 

the area. 
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ABSTRACT 
While there is a common social trope that computers cause 
chaos, nearly the entirety of the history of computing is 
dedicated to generating order. Typical Interactive Information 
Retrieval tasks ask computers to support involve the traversal 
and exploration of large, complex information spaces. The 
implicit assumption is they are to support users in simplifying 
the complexity (i.e. in creating order from chaos). But for some 
types of task, particularly those that involve the creative 
application or synthesis of knowledge or the creation of new 
knowledge, this assumption may be incorrect. We need digital 
information environments that help create a little more chaos 
from order to spark creative thinking and knowledge creation. It 
is increasingly evident that perfect order—and the systems we 
create with it— support highly-structured information tasks well, 
but provide poor support for less-structured tasks. This paper 
argues for the need for information systems that offer what we 
term ‘bounded chaos’. 
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1 Introduction 
There is an old joke about computing and chaos, and while we 
might not have the details exactly right, it goes something like 
this: 

A physicist, a biologist, a librarian and a computer scientist 
are talking about the beginning of time. The biologist said ‘God 
made the animal kingdom and all the creatures in it; biology 
came first and God is clearly a biologist’. The physicist 
responded that ‘God had first said “let there be light”, so God 
was definitely a physicist”. The librarian comments that before 
God created light, order was created from the chaos, so God is 
definitely a librarian. The computer scientist, grins, taps their 
fingers together, and asks ‘who do you think created the chaos?’ 

Computers generating chaos is a common theme in popular 
culture—consider the movies War Games or Space Odyssey 2001 
for example. Even the more recent moral panics about teens, 
bullying, and social media [1; 2] have an element of this; it is 
often the computers that are blamed for causing chaos for the 
teens and those around them, rather than the bullying itself. The 
common themes in these associations of chaos are threefold: The 
computers in these cases are actually doing exactly what they 
have been programmed to do; the chaos is at the nexus of 
computing and human experience, and the outcome of the 
computer doing what it is programmed to do is negative for the 
humans involved. We thus have a chaos paradox: the computer 
is behaving in a manner that is precisely the opposite of chaotic, 
yet the human experience is of a chaotic situation. Chaos does 
not have to be experienced as negative, however. Too much 
chaos is overwhelming and disturbing, but just the right amount 
is exciting and full of possibility; this paper is about how to use 
computing technology for the good kind of chaos; the kind that 
inspires and delights. 

Despite their function as chaos engines, computers are 
ultimately finite state machines: inside a computer everything is 
a ‘1’ or a ‘0’, true or false, yes or no. Even when we program 
computers to generate random numbers, the numbers are 
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algorithmically generated and not truly random. Given their 
precision, the strength of computers lies in precision tasks, such 
as sorting or accurate repetition [3]. It is perhaps this approach 
that has influenced our approach to information interfaces: 
decades of human effort have been dedicated to finding the 
‘perfect’ way to rank by relevance so that the right answer 
always comes at the top of a list of search results, for example 
[4].  This is at odds with human nature, though: we are not 
automata, and the right search result for us on any given day 
will vary according to our context, including the time we have to 
investigate a problem, and how deep our interest and expertise is 
in the topic domain [5]. Sometimes the right search result is not 
a search result at all: search is designed for machines to retrieve 
objects, and the human experience of generating the right 
description of those things for the machine to find them (in the 
form of query terms) is often poor [6]. Furthermore, not every 
information experience is driven by explicit foreground needs: 
experiences of serendipity for example are driven by chance and 
openness to experience, but occur frequently in information-rich 
environments [7]. Even more challenging is information tasks 
that are dormant—those where a need exists, but the person with 
the need is unaware of it [8]. 

This paper is a perspectives paper. It does not address 
research questions, rather it makes an argument for 
understanding certain types of information experience as 
‘bounded chaos’. It further argues for the need for a new kind of 
information interface, one focused on breadth, playfulness, 
connection and curiosity, rather than on presenting the perfect 
narrow set of search results. We first describe the history of 
computers in information seeking followed by a description of 
the new information order that is upon us, and its implications 
for the information behaviour research agenda. We then 
examine some of the challenges that arise when we examine 
information seeking behaviour, and address three specific 
behaviours that are not well served by the historic focus on 
search. Finally, we present a new information interaction 
paradigm—bounded chaos—and define it. We give some 
examples of bounded chaos interfaces, then finally sum up our 
argument on the need for bounded chaos interfaces, pointing to 
rich veins of future research in information systems arising from 
this new idea. 

2 Computers and Information: A Brief History 
The challenge of using computers in information work is 
perhaps exemplified by the issue of library book classification: 
we have not been able to use computers to generate reliable 
classifications; this requires human judgement [9]. Once books 
are classified, though, computers are at an advantage—they can 
sort the books faster and more accurately than people [9], and 
even present them in more than a single location at once [10]. To 
understand the underpinnings of the challenges of computing in 
information, we look to the history of computer systems and 
information retrieval. 

Early computers had little storage; the memory they had was 
used mainly for number-crunching, hence the name ‘computer’. 

By the late 1960s, though, computers were storing and accessing 
large volumes of information. This prompted a series of 
experiments known as the Cranfield experiments—designed to 
evaluate the performance of different indexing methods— that 
formed the basis for the modern discipline of information 
retrieval [11]. Thus, even relatively early in the history of 
computers and information, the primary research focus has been 
on how to narrow the amount of information users see and sort 
it so that users engage with the smallest possible useful portion 
of a collection. This approach, though, was designed on the 
premise that users had information needs that could ideally be 
met by a single document [12], and that if we could just provide 
them with the right document all would be well. Later 
evaluations of information seeking showed that users sometimes 
searched to find a small number of documents [13-15], or to find 
an access point for a larger volume of information [10], but 
information retrieval research has focused on the idea that there 
is too much information, and we must narrow the field for users. 
Decades of human effort have been dedicated to relevance 
ranking algorithms and designing systems and interfaces that 
get users to the one thing they want quickly and with a 
minimum of fuss [4].  

One exception to this approach has been the investigation of 
exploratory search, described as searching to learn or understand 
[16; 17]. Even this paradigm has still focused primarily on 
search, rather than exploration or discovery though and, as such, 
research in this area has mostly focused on the presentation of 
search results in a way that supports users engaged in this type 
of search task.  

The advent of the web made the need to narrow choices even 
more pressing; the internet is a wild west of information - 
uncultivated, unclassified and unstructured. In this context, 
Google’s original mission statement—‘to organize the world's 
information and make it universally accessible and useful’ [18] 
makes a lot of sense. In fact Google seems to make sense of the 
morass of (mis-)information that is the web for many users: a 
study of students evaluating library systems [19] showed that 
many of them found that the number of search results presented 
these systems compared unfavourably to Google (‘too many 
search results’). This is in stark contrast to the objective number 
of search results; arguably Google presents more search results 
per query than most libraries have in holdings, but because these 
are well ranked, they are not overwhelming to searchers [20].  

Libraries were an early adopter of technology information: 
OPACs (Online Public Access Catalogues) existed as early as the 
1980s [21]. Again, though, these systems were designed (and 
used) for focused retrieval, Users who had more complex 
questions than could be typed into a search box were urged to 
talk to a librarian [22], and users who wanted a less directed 
information experience could (and did) browse the shelves [21].  

Traditional library systems were superseded in the mid-2000s 
by a new breed of information system; web scale search [23]. 
These systems were designed to be more user-friendly than 
traditional OPACs, including exploratory search features such as 
facets and straightforward help such as spelling correction. They 
were also designed to bring together information that had 
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previously been siloed in separate search interfaces, such as 
ebooks, print books, journal articles and digital media such as 
CDs. These silos were some of the highest perceived barriers to 
library information [24]. Presenting this plethora of information 
together for the first time meant that the interfaces—facets and 
the like—were still predominantly designed to help users narrow 
the information space, rather than expanding it. 

Early studies of such interfaces show that users were—once 
again—overwhelmed by such presentations, and struggled to 
identify the resources they needed [25]. Later studies showed 
that they adapted their search strategies relatively quickly, and 
took advantage of the new flexibility such systems offered [26]. 

Ultimately, though, for as long as we have been storing 
information in computers, the research and practice focus has 
largely been how to find and present the smallest and most 
accurate set of information to users, precision over recall, 
specification over exploration [27]. 

This focus is not without exception; Borgman trialled a shelf-
like interface for pre-literate and early-literate children in the 
90s, for example [28] and Kerne used collages of images to 
represent search results in an interesting way in the early 2000s 
[29]. Recent years have seen a flurry of interest in generating 
playful, curiosity-driven interfaces that support exploration 
(again predominantly for library books) including Bookfish; 
designed for exploration [30]; and the Bohemian Bookshelf, 
designed for serendipity [31]. Outside the library domain 
presentations such as MusicMap17 and Every Noise At Once18 
offer exploratory experiences of music and Yossarian19 supports 
creative and exploratory image search. These systems are largely 
experimental though, and not in mainstream use, however 
compelling they might be (one description of MusicMap 
described it as ‘the place that will take up the rest of your day’ 
[32]). A key challenge for bringing this type of information 
interface to the mainstream is to understand how best to support 
information seekers in making meaningful connections within 
the space, when the precise nature of these connections remains 
uncertain (at least until after an ‘aha’ moment, when users may 
have the opportunity to provide feedback to the system). 

The appeal of more traditional information retrieval work is 
understandable; there are standard measures of how successful 
algorithms are in this space (precision and recall) [4], so gains 
are demonstrable numerically (however little these gains might 
mean to actual users [12]). We are not arguing for the 
abandonment of search as a paradigm, or against precision and 
recall as measures. Rather, we are arguing for information 
acquisition to be recognised as a broad set of activities, 
incorporating for example search, browsing, encountering, and 
serendipity. Measuring precision and recall can measure search, 
but not understanding; search can respond to a query, but not to 
wordless confusion or ignorance. Systems and metrics should 
reflect the plurality of information experience. There are no 
metrics even for the systems described above, which are usually 

                                                           
17 http://www.musicmap.info/ 
18 http://everynoise.com/engenremap.html 
19 Yossarian.co 

evaluated (if at all) in terms of user satisfaction. In a discipline 
where order and certainty has been the guiding principle, such 
soft concepts as user satisfaction must seem like anathema. 
Perhaps we also need new evaluation approaches—ones where 
greater value is placed on the usefulness of insight gained, and 
less on user satisfaction with the broader experience. 

3 A New Information Order 
Computers focusing on retrieval has been appropriate in an age 
where other avenues for discovery existed: while we searched 
for books in an OPAC we still could (and did, and do) browse the 
library shelves [21; 33; 34]; we still went to record stores to 
discover new music [35], and video stores for new movies [36]. 

In the early 2000s, though, a revolution began. First journal 
articles began moving online and into searchable databases. 
With the advent of the iPod and the iStore, music did the same 
thing. The Amazon Kindle did the same to recreational reading, 
and academic libraries began to move in the same direction with 
their books, so that in 2014 95% of the collection of an average 
Australian academic library is online20. Digital cameras took 
over photography, and in 2002 were added to our mobile phones. 
Finally, Netflix moved movies and television online.  

The advantages of digitization are manifold: it provides 
access to materials that would have been difficult, time 
consuming or impossible to access in the past. Search makes it 
possible to find resources we would have not have known 
existed, a change that has dramatically increased the amount 
academics read [37]. It has allowed consumers to be selective, for 
example music can now be bought by the song (instead of in 
whole albums) or even rented. 

Digitization has also given rise to new information tasks; 
where a search for images of cats in the 1980s would have been a 
specialist research project, these days it is recreational.  

Ultimately, information work has shifted from specialist 
librarian interactions and dusty archives to the online world, 
bringing many new possibilities and advantages. This is not an 
unmitigated good, however; library professionals and users alike 
claim this move to online information has robbed them of the 
opportunity of discovery. It would be rare now to hold up a CD 
case and wonder aloud ‘what do you think music that looks like 
this sounds like?’[35]. Users bemoan the lack of browsing 
opportunities for ebooks in academic libraries, with some even 
refusing to use them [38; 39]. While we may regard these users 
as retrograde luddites, academics in the field have voiced similar 
concerns, lamenting the loss of serendipitous encounters in 
digital environments [40; 41].  

Whether the lack of interfaces to facilitate less-directed 
information seeking is a teething problem or represents a new 
world order is up to us as information interaction specialists. 
The history of computing in this space thus far has been focused 
on search and retrieval tasks but the future offers opportunities 
to do a different kind of work; it is the argument of this paper’s 

                                                           
20 http://www.caul.edu.au/caul-programs/caul-statistics/statistics-summary-current 
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authors that we can and should seize these opportunities. We 
examine some existing interfaces that support less-directed 
seeking in a later section. 

4 Information Behaviour and the Failures of 
Technology 

Marchionini [10] and Kuhlthau [42] are two of the most highly-
cited models of information seeking. Both models have cyclical 
portions and incorporate query-and-retrieval as a significant 
element. Even these models, though, have stages encompassing 
collection understanding, recalibration of information needs, and 
browsing, all of which are poorly supported by current 
information systems. Browsing in particular seems to be treated 
by these models as something of a black box: people do it, but we 
have little detail about what it actually is or means to browsers. 
Other work has addressed browsing in more depth, e.g. Bates’ 
early work (e.g. [43-45] and McKay’s more recent work [34; 46; 
47], but browsing is acknowledged to be under-theorised [10]. 
These models were created at a time where little attention had 
been paid to information behaviour other than that involved in 
active information seeking. However, this is not the only way in 
which information is found. 

There are models of information behaviour that go beyond 
information seeking: Foster and Ford describe being open to 
information and the impact that may have on information 
experiences [48]. One notable feature of this work is the impact 
of classification schemes on the experience of serendipity: they 
support it by bounding the information space in which 
information users are operating. McKenzie describes a similar 
approach to information but in a social context: actively 
leveraging connections and passively being aware of information 
are important dimensions in her model [49]. There is also 
Wilson’s Tetris model of information seeking [50], which 
equates progress (e.g. filling a gap in a line on the Tetris grid) 
with resolving knowledge gaps. It also acknowledges that 
information (the Tetris pieces themselves) can be encountered or 
sought; what matters is not how the information is acquired, but 
how it ‘slots into’ the person’s existing knowledge. 

The technological support for query-response information-
seeking is strong. As we move further from this behaviour, 
however, support degrades. If an information user can identify a 
single useful object, computer encoded classification schemes 
can potentially support some information behaviours. Similarly, 
the identification of a single useful object allows recommender 
systems to provide avenues for discovery. Information seekers 
engaging in semi-directed seeking can get some support from 
systems designed for exploration or serendipity, e.g. [30; 31]. 
Social information services (one of the most commonly 
mentioned is the Facebook feed), browser tabs and bookmarks 
weakly support information encountering and serendipitous 
experiences but our tools could be significantly better here [51]. 

We are not to the first to note that search is not a panacea for 
information needs. Marcia Bates’ criticism of the 30-item search 
dates from 1984 [43]; she noted it was prone to arriving at a set 
of documents that was too narrow, lacked topical diversity, or 

was ‘unrepresentative’ of the available material. She noted the 
likely threats of sacrificing a great deal of potentially valuable 
recall for modest gains in precision. Four years later, Swanson 
more fully outlined a range of issues that limit the utility of 
search. He noted nine limitations to the capabilities of search, 
including the impossibility of detaching any query from a hidden 
and complex context. He also noted untapped opportunities, 
such as revealing undiscovered links between different areas of 
science. Swanson fundamentally observed that a perfect search 
engine is an unobtainable goal [52]. While these authors 
critiqued search, they did not offer an alternative framing; it is 
this framing—that of bounded chaos—that we offer. 

The tools on offer currently ignore a wide swathe of 
information behaviour, including browsing, curiosity, 
serendipity, creativity and playfulness. This gap leaves space for 
new types of interface and experience, where connection 
building and sensemaking take priority over directedness and 
narrowing. With the transition to online information work, 
designing and creating these interfaces is both timely and 
necessary.  It is these interfaces that we describe as ‘bounded 
chaos.’ 

5 Chaotic Behaviours Pointing the Way 
The gradual expansion of scope in information behaviour 
research has begun to point to the need for a new way of talking 
about information acquisition and the interfaces that support it. 
In this section we address the literature on serendipity, creative 
problem solving, and browsing, and draw it together to show the 
need for what we are terming ‘bounded chaos’. 

5.1 Serendipitous Information Encounters  
Encountering information that was not directly sought is a form 
of information acquisition, first examined in detail by Erdelez 
[53], and it is an important element of information behaviour. It 
involves finding useful information unexpectedly when looking 
for information on a different (perhaps somehow related) topic, 
when not looking for any information in particular (e.g. when 
searching or browsing with a vague aim or no aim) or when not 
looking for information at all (e.g. when talking to a friend or 
walking down the street). Sought information can also be 
encountered in unexpected information sources [48; 54]. 

It has been argued that current digital information 
environments can both create opportunities for serendipitous 
information encounters [7] and potentially inhibit them; Erdelez 
suggests encountering can be inhibited “if the interface of some 
information system is constrained only to a focused information 
search environment” [55]. Potential for encountering is limited in 
current online systems, primarily because most mainstream 
information tools focus heavily on supporting searching and 
relatively little on supporting browsing (particularly unfocused 
browsing, where the user may not have a clear idea of what they 
are looking for). There is much potential for the next generation 
of tools to support the dynamic and smooth transition between 
search and browse and between focused and unfocused 
information acquisition. 
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The concepts of order and chaos are particularly important 
for information encountering; serendipity, by definition, 
involves a degree of accident, surprise or unexpectedness. A 
degree of chaos is inherent, but it is not complete chaos. 
Serendipitous information discoveries are not merely ‘chance’ 
encounters – they involve some chance, but also sagacity; an 
open and prepared mind to notice the encounter and the 
opportunities it may present and the willingness and ability to 
seize these opportunities. As McBirnie [56] puts it: “while seeking 
serendipity seems improbable, paradoxically, some degree of 
control may be possible” (p. 601). The excitement from the 
encounter can come from creating a personal sense of order 
from the chaos; making meaning from the encounter by relating 
the new information discovered to existing information already 
known. While some might argue that the holy grail of 
serendipity research is to build algorithms sophisticated enough 
to relate incoming information to users’ existing knowledge and 
interests, we argue that the real value of future technology may 
emerge from finding more useful ways of supporting users in 
making their own connections between information rather than 
trying to generate the ‘spark’ algorithmically. This approach 
requires presentation of a wide range of objects and ideas, space 
for the encounterer to have an open mind, and time to consider 
each item [7]. System support for such activities may truly 
support information encountering. 

Creating such systems is a sizable but important challenge: 
designers of digital information environments are faced with the 
paradox that serendipity might be destroyed by trying to 
systematise it [7]. Designers of such systems must also consider 
but that understanding users’ background knowledge may be 
necessary to better support users in making knowledge-
enhancing connections between new and existing information. 
One approach to managing this is by using user modelling 
techniques from AI, another is the generation of an implicit user 
knowledge landscape by capturing the search and browse paths 
a person follows across many information acquisition sessions. 
This is not a new approach to determining implicit relevance 
(see, for example [57]), but it is an example of an approach that 
might allow users to recognise and follow-up on their own 
connections between information, which might well be more 
meaningful than those created by algorithm. By allowing users 
to dynamically and situationally balance the degree and types of 
order vs. chaos, designers of future serendipity-facilitating 
environments may free themselves from the paradox of 
destroying serendipity by creating it algorithmically. 

5.2 Creative Problem Solving 
Colloquially, ‘creative’ solutions to problems are hacks, using 
whatever is to hand—effective, slapdash and fundamentally 
inelegant. True creative problem solving, though, is a task done 
by experts—requiring new thinking and new applications of 
knowledge to create novel methods and solutions to challenging 
problems. This work is extraordinarily information intensive; 
experts need to reconsider their existing knowledge while 
seeking out potential starting points from outside their usual 

repertoire. Like serendipity, inspiration is more likely to be 
found in information abundance than in highly focused 
information minimalism.  

More than serendipity, creativity has been construed as a 
process that (effective) thinkers deploy more or less consciously. 
There are numerous approaches to creative problem solving, but 
a universally acknowledged key element is the need to engage in 
divergent thinking [58; 59]. In divergent thinking, users 
construct or hypothesise new combinations or variants on 
existing concepts and techniques. To succeed, divergent thinking 
requires material that brings a diverse range of different 
approaches and knowledge that might be potentially useful in 
discovering a novel, creative solution to a problem [60]. Often, it 
is the thinker’s ability to identify new connections between ideas 
that is the turning-point in problem solving, as noted in [61]. 
Making these connections relies on (often implicit) strategies 
such as analogous thinking, or incongruous matching [62; 63]. 
Knowing this, it is likely that information too remote in topic to 
the focus of the work, too hard to reinterpret in creative ways, or 
otherwise a bad fit with creative processes is unlikely to be 
useful. 

Anecdotal accounts of creative problem solving often ascribe 
success to ‘genius’ or ‘inspiration’, but research has 
demonstrated that information plays a critical role [63]. The 
turning point is often finding a relationship between methods 
used in other domains and the domain of expertise familiar to 
the problem solver. The role of these discoveries appears to 
apply equally to making novel ideas that are relatively 
incremental (sometimes called ‘small c’ creativity) or dramatic 
leaps (‘big C’ creativity) [64].  

There have been some attempts to support creativity 
digitally. Kules found that exploratory interfaces over collections 
were a boon for creativity [65]. Kerne’s collages [66] place the 
control in the hands of an algorithm, rather than the user. His 
montages are intended to provide incidental exploration over 
time, to increase the likelihood of creative insights. Other 
researchers have endeavoured to create algorithms that lead to 
topically diverse sets of results [67]. In all cases, the idea is to 
provide a rich and changing stream of information to use as a 
source of inspiration. 

Browsing a known collection has been reported as an 
effective tool for helping creative thinking by scholars [68], but 
there is no detailed account of why that experience or those 
collections functioned well. We would argue that it is because 
such a collection can be rich, but is not likely to have documents 
in it that are too distant from the problem, or too hard to 
reinterpret. Finding a way to generate such rich and diverse 
collections that are relatable enough to be creativity supportive 
is an imperative for the future of knowledge. work. Such 
systems, like serendipity systems, will need to offer abundance, 
but not chaos and diversity but not fragmentation to support the 
moments of inspiration that solve difficult problems. 
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5.3 Browsing 
Closely related to serendipity is browsing—particularly 
collection browsing (e.g. browsing for music or books, as 
opposed to browsing the internet). Like creative problem solving, 
browsing is an information interaction strategy that is used 
when serendipity, inspiration or breadth is sought [48]. It is also 
used for information needs that are loosely defined, where 
recognition is a more important tool than specification, or where 
information seekers are trying to understand what is available 
[8; 10; 69]. 

Bates—the seminal author on online browsing—defines it as 
viewing a large and interesting scene, and sequentially 
examining objects of interest [70]. For a scene to be ‘interesting’ 
it must contain a large number of objects, but how many objects 
that is has not been defined. Similarly, we do not know how 
information seekers choose their objects of interest. It has been 
suggested that this definition makes library shelves an ideal 
‘browsing engine’, but there is no successful online equivalent 
[71]. Recent empirical work on online browsing has attempted to 
identify factors and behaviours that may support online 
browsing [34]. This work demonstrated that the number of 
objects that make up an interesting scene may be very large 
indeed, and that users themselves often do not understand what 
drives their interest. 

Browsing has clear links to the other information behaviours 
in this section: browsing a collection is one means by which 
information users are known to deliberately ‘seek serendipity’, 
for example, and browsing a known collection is shown to 
support creative problem solving [68]. 

Browsing is—by definition, however—not search. Some 
information seekers may use search to support their browsing 
experiences [10; 34], but others abjure search in favour of 
browsing. [72; 73]. Search interfaces alone cannot support 
browsing, but what interfaces do support browsing remains an 
open research question. We know that library browsers—in 
addition to using the potentially highly structured environment 
of the main shelves, also deliberately seek out display tables and 
recently returned piles [74; 75], which will generally show a 
more eclectic mix of materials. We also know that readers 
approach the shelves expecting to meet unknown content and 
expecting to find inspiration and ideas [38; 72]. Similarly, music 
browsers will scan bargain bins, not just for the low prices, but 
for objects of interest they may not otherwise have found [35]. 

Again, browsing is an information behaviour where 
traditional IR approaches are failing users: search does not 
support the curiosity and openness with which readers approach 
the library shelves, for example. Equally, though, shelves with no 
structure would overwhelm. Many commentators have noted 
that the loss of physical browsing is risky for serendipity, 
discovery and an overall information experience [76; 77]: what is 
lacking, we argue, is bounded chaos. 

6 Defining Bounded Chaos 
It is clear we need a new approach to information interfaces to 
support the kinds of exploratory, curiosity-driven experiences 

users clearly want and need for some types of knowledge work 
and for recreation. We describe these interfaces as having the 
property of bounded chaos. Both elements of the definition are 
important: chaos on its own is overwhelming, destructive, and 
frightening. Just the right amount of chaos, though, can be 
experienced as full of potential, exciting, and creative, even 
numinous. In a bounded chaos information interface, a user can 
experience a state of flow, generating ideas and leads seemingly 
effortlessly, never finding themselves at an impasse of too much 
or too little information.  

If for the sake of mathematical precision, we were to attempt 
to describe bounded chaos algorithmically, we would describe it 
as information interfaces presenting a non-deterministic sample 
of an underlying collection to a user, where there is no clear 
principle by which the sample can be selected. To focus on the 
mathematics, though, is to miss the point—it is the user 
experience of these interfaces that is their key defining feature. 

Caution must be taken when trying to describe these 
interfaces as algorithms, or as a set of guidelines, though. 
Treating serendipity, creativity or even browsing as something 
the output of a checklist seems at best ill-advised, and at worst 
destructive of something delightful and almost mystical. To say 
that bounded chaos exists but not to describe it meaningfully is 
to say nothing useful at all. The principles of bounded chaos 
given below are descriptive, rather than prescriptive, and should 
be taken as an inspirational starting point when developing or 
evaluating information interfaces, rather than as a shortcut to 
creativity. 

6.1 Chaos 
The paradox of chaos, as noted in ‘The Gap Into Madness’ (aptly 
subtitled Chaos and Order), it that it is defined by its limits [78]. 
Computers limit things further, being precise and fixed, rather 
than chaotic and uncertain. Even so, the means by which 
information systems can seem usefully chaotic are described 
here. 

Search, the burden it imposes on information seeker to know 
what they want, and the historical emphasis on narrowing 
results and presenting a small set of (possibly diversified) but 
highly related items is antithetical to a chaotic information 
experience. Ironically, relevance ranking has improved greatly 
over the years, and better search engines create a worse 
experience of information richness, chaos and possibility. While 
Google is wonderful at answering specific questions and finding 
highly defined information, it rarely generates an experience of 
chaos or delight, however lucky one might be feeling. Bounded 
chaotic interfaces may include search, but it cannot be the 
dominant—or, worse, only—interactive paradigm; search-free 
interaction must be not just possible, but straightforward. 

Not only is search the wrong interactive paradigm for chaos, 
but the search results page is a prime example of an 
impoverished information interface that cannot meet the need of 
chaos for information surfeit. Too much information, or too 
much unstructured information can lead to information overload 
[79; 80]. Too little information, though, is aptly described by 
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Whitelaw in his treatise on generous information interfaces as 
like being outside a museum while the artefacts are wheeled out 
ten by ten into a room devoid of interest [81]. Chaos is greedy, it 
relies on the presentation of a large number of information 
objects—and an unpredictable collection of the same, if 
presenting only a subset. Seeing the same small set of items 
upon each search, or seeing only enough objects that one can 
cognitively conceive of all possible arrangements, is not chaotic 
or exciting, it is dull and uninspiring. Conversely information 
tasks that rely on inspiration and excitement rely on large 
numbers of objects: browsers in a library examine surprisingly 
vast numbers of books [34], and creative professionals 
deliberately expose themselves to as many triggers for 
serendipity as possible [7]. 

Having many objects that all look (or sound) the same is 
equally a poor approach to chaos. While similarly bound books 
that are the same height and stood perfectly vertical look lovely 
on a shelf, they do not invite exploration or discovery. Books 
with a range of spines, heights, and angles, though, present a 
perceptually heterogeneous—or ‘interesting’ [70] scene, and 
support chaos, curiosity and discovery. This perceptual 
heterogeneity does not necessarily need to be visual; early 
work on playlist shuffle suggests that multi-artist playlists 
generate more insight and excitement than shuffling a single 
album [82]. 

In addition to perceptual heterogeneity, topical 
heterogeneity is a necessity for the experience of chaos. A 
collection of items that is too closely related, or where it is 
difficult to access orthogonally related but not topically identical 
material will bore information seekers and deepen focus, rather 
than opening their minds and sparking new thoughts or ideas. 
We have seen this need in the work on browsing, on serendipity, 
and on creativity—browsing the library shelves allows ready 
access to a wide range of topics, and supports all three [34; 38; 
65].  

Finally, and related to topical heterogeneity is the capacity to 
experience information objects next to each other in new ways—
e.g. songs next to each other that haven’t been heard in that 
sequence before in a shuffled playlist. Information experienced 
in the same order every time—as, for example, with an album on 
tape—may be familiar and comforting, or it may result in 
information that could be quite useful becoming merely 
background noise to be ignored. Novel adjacencies, however 
(as we term this capacity for things next to each other in new 
ways) may be jarring; it is entirely possible for things to be 
‘wrong’ together (pickles and ice-cream, anyone?). Novel 
adjacencies can—and do—though, spark new insight, generate 
new ideas, and create new ways of solving problems. We know 
that creative professionals actively seek out novel adjacencies in 
the hope of generating serendipity [7]; these adjacencies are also 
likely to support creative problem solving [65]. 

6.2 Bounding 
Having defined chaos for our purposes, we turn to bounding. A 
participant in [7] noted that “people think there’s patterns in the 

world—there isn’t, there’s just chaos. But what we’re put here to do, 
is look for patterns; that’s our purpose”. Bounding strategies 
support information users in creating ‘just enough’ patterns or 
connections for chaos to be inspirational, rather than 
overwhelming. Bounded chaos may use any or all of these 
approaches in concert. 

One means of bounding is structuring information. 
Consider, for example, a second-hand bookshop where the books 
are shelved in the order in which they are acquired. Most 
browsers would find this an untenable organization, so would 
likely give up and buy nothing in frustration. Imposing some 
slight measure of structure, however, makes bookshops, libraries 
and music stores exciting and full of possibility. Structure is a 
double-edged sword, though—too little structure is just chaos 
without the bounding; too much removes any hope of novel 
adjacencies. Tightly structured interfaces may well inform, but 
they are unlikely to inspire.  

A further means of bounding is curation. Every meme on 
the internet all at once is not a tractable collection to manage, 
however a Facebook feed full of posts from one’s friends is more 
accessible. Many information sources are curated—the books in a 
library or bookshop, for example are selected by the librarian or 
proprietor. While these examples are ones where there is a clear 
curator, other information sources are self-curated—for example 
ones Facebook friends feed, or the playlists one creates. Limiting 
the information coming in to a chaotic situation—which is 
essentially what curation does—can, just as structure does, bring 
the chaos down to a manageable level. 

One final way of limiting the experience of chaos is to slow 
the speed at which information is accessed. Returning to 
Wilson’s example of Tetris [50], information (or Tetris blocks) 
appearing too slowly is boring and allows for distraction. 
Conversely information or Tetris blocks appearing too quickly is 
overwhelming and does not allow the player the perceptual time 
necessary to make the blocks fit in the right place. There is a 
sweet spot, though, where the game—and any information 
flow—is fast enough to entertain and allow a sense of mastery, 
without overwhelming. Allowing information users to manage 
the speed at which information appears—by swiping right, for 
example—will ensure that they find their own sweet spot, 
neither so fast they are overwhelmed nor so slow they are bored. 
Where speed cannot be in the user’s control, however, we should 
resist the urge to throw information at them as fast as possible, 
instead allowing time for perception and evaluation. 

7 Bounded Chaos in Practice 
The obvious question at this point, is what would interfaces that 
support bounded chaos look like? The answer is that there is no 
single information presentation that meets these needs, and any 
attempt to overprescribe them runs the risk of the ‘too much 
structure’ problem of traditional IR. While there is no perfect 
example of bounded chaos, below we present three information 
interfaces—playlist shuffle, social media feeds, and library 
shelves—that afford search free interaction, and meet some of 
the other principles described above. 
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7.1 Playlist Shuffle 
In the literature, a playlist is a list of songs put together by a 
listener or listeners, often for a specific purpose. Playlists may 
have an order to them, but they are mostly played in shuffle 
mode [82]. The novel adjacencies of music afforded by shuffling 
a playlist have been noted as valuable and provocative of 
serendipity, and of insight. That insight can be vast; a participant 
in [83] noted that shuffling playlists showed them “connections 
between the music and the infinite void…[allowing them 
to]…understand the universe better”. Playlists are more interesting 
with a variety of artists than a single artist, meeting the need for 
topical and perceptual heterogeneity [84]. While playlists may 
not seem chaotic in general, they are much more chaotic than 
the highly structured environment of an album ordered by a 
music producer. The bounding of playlists is perhaps more 
intuitively obvious: they are naturally speed limited by the 
length of the song and bounded by user curation of the songs 
within them. 

7.2 Social Media Feeds 
Social media feeds repeatedly appear as a source in studies of 
digital serendipity (e.g. [51; 85]. In one study [51], for example, 
Facebook feeds were mentioned by at least two users (out of 14), 
even though the study period covered only two weeks and 
serendipity is considered ‘regular but rare’ [56]. The examples in 
[51] tend to be of Facebook sparking a thought or memory, and 
the user investigating something serendipitous further. It is easy 
to see how Facebook meets the need for chaos: the amalgam of 
cat pictures, advertisements and colourful text that make up the 
average Facebook feed these days is perceptually heterogeneous 
enough to make a minimalist cry. The boundedness of social 
media is perhaps less obvious, though what is presented in a feed 
is easily speed bound, for example. Social media feeds are also 
curated—we choose who we follow, limiting what might appear. 
In Facebook, even within our feeds we can customise who 
appears first and customise to some degree what post types we 
see. Obliquely, social media sites themselves are also curating 
our feeds: the underlying algorithms choose what 
advertisements to feed us, for example, based on what we will 
most likely click. While on the surface the interface similarity 
between social media feeds and playlists is that items appear in a 
single long sequence, they share some deeper properties—
heterogeneity, curation and speed—that support more interesting 
information experiences than traditional search engines. 

7.3 Library Shelves 
Our third and final example of a bounded chaos interface is the 
library shelves. Given the vast volume of information presented 
at the library shelves, it is notable that they are not commonly 
associated with information overload. They are, however, 
associated with serendipity and even creativity [38]. Bounding at 
the shelves is easy to see—they are both highly structured, and 
curated [86]; we also know tha changing the underpinning 
structure changes user behaviour [87]. Savvy information 

seekers understand the structure, and actively leverage it [10; 38; 
69]. 

The highly structured nature of the library shelves may make 
it hard to anticipate where the chaos lies. Perhaps surprisingly, 
the shelves meet a number of our criteria for chaos: slight 
movements in materials at the shelves, for example, can present 
novel adjacencies even to the most experienced library user. 
Larger movements in materials demonstrably happen—right up 
to and including readers secreting items around the library a 
long way from their natural ‘home’ [88]; these are one factor in 
novel adjacencies. Another factor is the irregularity of library 
use by most readers [89; 90]—the adjacencies they see are novel, 
simply because they do not know the library well. Even for 
expert library users, a visit to a new library can elicit novel 
adjacencies, due to variance in cataloguing practices [9]. Finally, 
readers actively leverage spaces with a higher chaos spaces (both 
in terms of novel adjacencies and heterogeneity): e.g. returns 
trolleys and book displays are favourites of active readers [74; 
75]. 

The perceptual heterogeneity of library shelves is easy to 
fathom; a range of book spines (unless the books are a specific 
collection from a single publisher) will be vibrantly 
heterogeneous. Topical heterogeneity is not immediately 
obvious—books next to each other are typically on the same 
topic. However, the library is a three-dimensional space; the 
books above and below a book are more topically distant from 
the books beside it, and the books on the shelves behind an 
information seeker are more distant again, at least with 
nonfiction shelves. Readers use all of these options, including 
sitting on the floor or precariously browsing while standing on a 
stool [33; 34; 91]. 

Library shelves appear to share little with a social media 
feeds (other than a certain visual chaos), and almost nothing 
with a shuffled playlist. Examining the underlying information 
structure and interface affordances, though, we discover 
similarities like curation, novel adjacencies, and heterogeneity—
and, notably, an absence of the requirement to search—that 
constitutes the interaction we are describing as bounded chaos. 
It is these features that can support non-search interaction 
patterns, such as serendipity, browsing, and creativity. 

8 Birthing Dancing Stars: The Present and 
Future of Chaos 

Nietzsche said ‘you must have a little chaos inside you to give 
birth to a dancing star’ [92]; we argue in this paper that the same 
is true of information interfaces. In contrast to the ‘chaos’ 
computers are so often perceived to generate, this kind of chaos 
is experienced as positive and valuable by users. With so much 
information moving online, it is more important now than ever 
before to offer users something other than deterministic, goal-
driven information experiences if we are to preserve serendipity, 
creativity and other valuable information experiences. We 
advocate adopting a new approach when designing digital 
information environments that values lack of organization as 
well as clearly-defined information structures. We are not 
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suggesting abandoning the valuable design principles that have 
enabled increasingly more efficient and effective information 
retrieval; to force someone with a highly specified information 
task to use a chaotic interface would be at best misguided, at 
worst cruel. Equally though, for less focused tasks we suggest 
designers consider the value of supporting less structured, 
curiosity-driven and playful information interactions. 

One possible caution is that information users want to be 
able to experience just the right amount of chaos. How much 
chaos is right will vary between users and contexts, dependent 
on, for example user mindset and time pressures—we must be 
careful to impose neither information overload, nor ‘the dark 
side of serendipity’—the temptation of a promising tangent when 
trying to focus on a directed task. Users must be supported in 
riding the waves of information, not in drowning. We refer to 
the presentation of just the right amount of chaos as ‘bounded 
chaos’, enough to charm, but not so much as to overwhelm. 

There are already some interfaces that support bounded 
chaotic experiences, for example playlist shuffle experiences and 
social media feeds. There is also some recognition in the IR field 
that there is a need to move beyond relevance to better support 
exploration in search (although still firmly within the search 
paradigm). We need more chaotic interfaces, and more outside a 
strict search-and-retrieval paradigm if we are to avoid losing a 
valuable kind of experience for knowledge work. 

One key challenge for bounded chaotic information 
interfaces, and an avenue for future work is how to provide the 
right amount of familiarity during exploration—sufficient 
pointers to the familiar to allow users to get ‘lost’ confidently, by 
relating the new information they encounter to information they 
already know. Although it may be useful to provide users with a 
degree of support structure for making their own connections 
between information, it is important to also encourage 
trailblazing – by allowing users to deviate from existing support 
structures, thereby creating their own order without the use of 
pre-defined ‘connection templates.’ 

Another key challenge in this space is how to determine how 
much structure is needed during any given information task. 
While user control is one avenue for managing this, directedness 
and control can work against serendipity, discovery and 
creativity. How to offer the opportunity for these things without 
disrupting focused information tasks is a further question future 
research. 

Addressing these issues will go some way towards defining a 
new information interaction paradigm, one in which browse is 
valued alongside search, connection alongside filtering, 
discovery alongside retrieval, and chaos alongside order. 
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