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Abstract:

Every company, institution or any othentity that has a web presentaces the challenges of
discovering and understanding who their real visitors and users are, what they are doing on their
platform(s) and what changes or additions could be made to a particular service that would lead to an
improved user experience. Sirld®aries and other cultural heritage institutions must ensure access
to their digital collections to the widest audience, they have the additional challenge of trying to make
a Aservice for everyoneo.

In such cases, one cannot exclusively rely on gémeria analytics or on small user groups to test and
measure user interfaces. Advanced analytics and user insights are a crucial part of a continuous
development process. Such tools allow for-§ireined configurations and event tracking and can
directly ke applied on end users in real time in order to discover facts that were previously ignored and
help to develop services or even prioritize future content.

The National Library of Luxembourg (BnL) has adopted and implementedfaostdtl, opersource,

analytics platform which has been integrated into the existing digital content viewer for digitized
newspapers and books at www.eluxemburgensia.lu. The generated data has been used by the BnL to
drive the development of a new digital content viewer. Inghjger, we share our experience of
implementing custom analytics into a digital content viewer. We also present how the data has helped
us create a new digital content viewer and describe how other libraries could use such technology to
gain more insightsrdm their services and take better decisions.
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1. Introduction

In this Internet and mobile age, the number of Internet wedirsoonreachfour billion [1].

More and moe people use the Internet in their daily lives and depend &wety day new
applications, services and social platforms are being created and hope to attract and retain the
greatest number of useta.front of every online service lies an interface that allows the user

to interact withthat service. Among the first things that the user sees, feels and experiences is
the presented user interface. This inclydes examplethe layout,content orgarzation,

colors, fonts, sounds, animatioas well as the loading times and responsiveness. In a fraction

of a second, the user will be able to judge if the interface feels right or wrong and decide
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whether to stay or look somewhere eMéth so much noisen the Internet in general, it is
difficult to keep the attention of the user. Companies, institutions, individuals or any other
entities having a web presence are confronted to the challenfyedioly, understanding
attracting and keepintheir real usrs Ultimately, web services are made for users and,
thereforetheymust be tailored to them in order to be able to deliver the best value possible.

General web analytics has allowed many to monitor the traffic coming to a website. However,
more advanadanalytical tools are necessary in order to get deeper insight into the behavior of
the users and the real usage of the user interface. Getting such detailed metrics is an important
part of a continuous development and improvement proBgssombining geeral metrics

with advanced and specific analytics, one can discover neghtnsi how a certain services

are usedand thussupportthe decisions for adding or changing services and/or feaflines.

main goal of using advanced web analytical tools is ¢asure very specific events tlzae
happening on a specific user interface, which would not be possible by monitoring the traffic
only. Those events can then be analyzed and evaluated in order to gain a deeper understand of
the true usage of clieside fatures.

This paper is specifically focused on web services for digital content viewleic) isvery
commonfor libraries andthercultural institutionsand presents the approach that the National
Library of Luxembourg (BnL) has usdd implementadvanced and custom analytidhe

method has allowed the BnL to gather user data that was previously ignored and later apply the
knowledge tamprove an existing digitalantent viewer, the BnL Viewer [1&nd develop a

new user interface prototype

This paper is organized as follows. First the current state of the art regarding web analytics and
digital content viewers is covered. Then tapproactof the BnLalong with themplementation

details is presentedt last a 2month period of gathered data is being used to showcase the
insights and results, followed by the conclusion.

2. State of the Art

This section will cover the state of the art related to curreatgilable open source
technologiesn the categoryf user analytics and in the category of digital content vigwer

Starting with the task of tracking, storing and analyzing user activity on any device across web,
mobile or even desktop applicatiorthiere exist several solutions, some requiring more
technical involvement than others.short mention should bmadeto Google Andytics [2],

which is the leadingeemium web analytics service. It is a very powerful and complete service,
however not open soureed thus does not provide full and privateesgo the data collected.

At the moment, the closest open source coitgeaif Google Analytics i®iwik [3]. Piwik is

a full featured PHP and MySQL software tiginstalled on your own servers. Then, similar
to other solutions, a JavaScript catgppet has to be copied and pasted on your website and
the tracking already begins.

Among the most important features are customizable dashboards with real time data updates,
e-commerce support, tracking of events (clicks or any other interactionghhesacampaigns,

goal conversions and, of course, user specific data such as geolocation or even device
information. At last, Piwik is fully extensible, customizable and ensures that the user privacy
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is protected and that the operator stays in completeatand ownership of the datélith
more than 7.000 stgrd65 contributorsand 24.000 commiten GitHub[4] at the timeof
writing this paper Piwik is, despite its relatively old technology stack, the best fully open
source solution for web analytics.

The next alternative to Piwik is Open Web Analyiigk It shares several features of Piwik
and is interesting due to its feature to generate heat maps of web pages, whiathslawis g

on which part of the page the user engages the most and theHleasver, the last minor
release has been on 2012 and their presented feature comparison matrix iSesganest of
Google Analytics 0r2011 and has not been updated sikaeally, with only 433 stars, 1.650
commits, 5 contributors on GitHUB], this project has clearly less activity in the open source
community than Piwik.

Unfortunately, thee are not more open source dullifeatured user analytics software. Many
othess do exisbut fall in the category of business intelligence and require, most of the time, an
already available and populated datalEagser action tracking items

The last option that we will coveompriseghe well-knownsolution called ElastiStack[7].

It consists of several open source products working together to reliably and securely collect
data from any source and to provide search, visualization and analysis capabliities.
precisely, thaechnology stackise Logstsh and/or Beats to collect dataom log files. This

data is then sent to Elasticsearch, which is an analytics and search engine. Finally, Kibana is
the software able to query Elasticsearch and generate any kind offpistsolution requires
morework andsetuponserversbut it has benprovento givemany moreansights on big data

that was previously ignorg8, 9.

Since this paper not onbovers the technologiesd usage of web analytics, but also how an
existing digital content viewer can be improved, the next few paragraphs will focus on the state
of the art for digital content viewers.

Nowadays,liere exishumerous open source content viesy&0, 11, 12. Each have their own
specificitiesand are implemented usidgferent web framework but all do share a set of core
technologies and standards. The International Image Interoperability Framework (IlIF) aims at
providing access to high quality image resas: For this, they defined community driven
Application Programming Interface (API) standards, such as thelriiige Presentation,
Authentication and SeardiPI [13]. The llIF Image API has been implemented by all major
open source image servers tha specifically designed to serkiggh quality image$14, 15,

16].

On the client sideservices supporting the IlIF Image Addnprovide a unified viewer, capable

of zooming deeply into images while keeping a high display resolahdrable to connetd

any image server following the same standdardde most prominentlient-side libraryis
OpenSeadragorif]. Having an image server that implements the IlIF Image API, meains tha
the front end and/or the baekd itself can easillge swapped with anothémplementation as
long as it supports the same interfaces.

3. Implementation of Advanced and Custom Analytics using Piwik



At the national libary of Luxembourg, we have budhd deployed a custom, welsed digital
content viewel[18] back in 2009 irorder to make available to the public our digitalization
campaign resultshrough the website www.eluxemburgensia.llLater, a mobile i0S
application has also been developed][19

Figure 1 shows a representation of the current viewer. Sihedirst releasea few minor
features has been added, but the interface stayed unchanged for the mdstepartwer
implements many feates that you would expect fromdaital content viewer, mainly zoom,
pagination, table of content nagetion,searchand word highlighting Additionally, the BnL
viewer also suppaostarticle-level selection and highlight.
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Figurel: Two screenshots of tlgnL Viewer. (Left: Page View, Right: Article View)

From a technical point of view, the digital content viewer itself consists of a JavaE€rmhck
that parses the METS/ALTQ§ files and delivers the data, along with geverted images,
to the frontend viewer, which has been developed using ExtJs.

With the everchanging, improving technologies and disruptive trends, we should constantly

reevaluate our solutions and servicasthat we lead or follow the state of the &rtherefore,

with theincreasing need to implement and support high resolution image serving along with

the need to have fully responsive user interfaces, the BnL took the opportunity to work on a
completely new user interface for the digital content viewer.

Following the stil growing trends of mobile devicg21], a mobilefirst should be takerNot
necessarilyby building native mobile applications, but by making sure that thebasbd

viewer will scale and be perfectly responsive on any size of screen and that the esenesp

is unified and improved across all devacéhen,s i nce t he ExtJs ff amewor
|l i ked |l ook and f eel , redebignshe wearface and syadeliera o c c a s
mobile friendly experience.

While evaluating exsting and posbie new featureshe use of advanced analytishines,
becauset letsthe real usersharewhat they actually din an automated and scalable why

is important to always keep in mind who the -@rsér is when taking decisions that affects the
servicesthey use.Asking users directly through targeted emails, user group interviews or
surveys can be one way to achie¢kis. Measuring and observing users directly, in-teaé

is, however, much more efficient and allows to gather much more insight.

As a first step toward improving user experience on a service, the key features and actions that
the user could perforfmave been listed’hose actions could later be tracked as a time stamped
eventby the analytics platform, allowing for detailed analysisvben certain eveatoccur.
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Those actions have then been grouped into caesg@ne categorywas creategber major

interface componenin this case there ardive categoriestop toobar, left pael, right panel,

full page view and collection viewAs an example, making a search or selecting an element in

the table of content, are actioheventsthat happen in the left panel diet BnL Viewer. That

way, an overall usage of the different componemtsl areason a pagecan easily be
investigatedFrom that list,only a subset is retainéol be implemented. The criteriggto keep
actionsthathelptanswer speci fic questioolbas seW@ , a i HD M
much isbuttonXused? 6, A Hoom pnyvanp/arutssersf the full tex

Once the desired events have been defiledocusgoeson the technical side of the analysis,
which mainly consists of evaluating thechical feasibility of implementinghose events. At
this point,the BnL hasopted for the open source anadg platform, calledPiwik [3]. As
already mentioned in the state of the art, Piallbws to track and manage numerous web
analyticsand it could easilgupportall currentand possible futureequirements.

The software has been installed adedicaté virtual machine at the BnIRiwik being well
documented, both, installing and sedtiup the project haseen straightforward and allowed
to move into production in a matter of dalgss worth noting that since Luxembourg is a small
country, scalabilig and traffic issues are less challenging.

Out of the box, by inserting a JavaScript script snippetth@aveb platformgnabledRiwik to
already track common analytical da&dated to but not limited toyisitors, referrers, browser
and device inforration. The next step is to go deeper into the clgide code and call a one
line Piwik commandwhere thespecificevens should be recordedi\s an examplethe code
snippetbelow is inserted in the table of content controller taadks a clickeventon the table
of content

YY mbAN EO OEA 20ExEE !'T Al UOEAO 10A0A=z 1T AEAAOD
/l Format: The event type, followed by the category, then the action/event.
_pag.push([ ‘'trackEvent' , 'LeftSidebar' , 'TOCElement_Click' 1]) ;

After implementing the tracking code inttee client, we are ready to deploy it into puotion
and start gathering data, which can be analyzed as soon as they are available.

4. Result Analysis

This sectionis organized into subsections, where each focuses specifically on a single or a
group of related metrics andoversthe data collected along witthe different possible
interpretations for improving and assisting the development of a new viEetast section
presentshe new digital content view@rototypeof the BnL.

The presntedresults cover theeriodfrom the begiming of February B17 until the end of
March 2017 anavere generatedy the BnL Viewemnwebservice During the analysis it turned
out that, foithetraffic of the BnL Viewer analyzing oner more monthat a timewere yielding
more insightfulnumberghanexploring cy-to-day or even weeto-weekdata

All the analytics has been gathered by the Piwik platfddata privacyis a concern and
fortunately Piwik supports a mode whereattomatically anonymizedataas son as itis
collected by the platform. This means that no data or behavior can be associated to a particular
user.



Visitors

First, looking at the basic visitor datagure2Figure-2showsa clear pattern.fie BnL Viewer
had most of the time between 60 and 120 visitors per@atyof those visitors, 40 to 100 are
unique visitorsVisitors performed around 20 to 40 acsqgrer visitsFromFigure3, it can be
seen that this represemtound D0 page views per dayjth Februaryl5/16showing a record
activity for this month with 2.00@ageviews, due to an announcement on the official BnL
website and on the Facebook pagehat periodTaking the difference between visitors and
unique visitors, we can observe thaelatively small amount of users come again.
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Figure2: Number of visitors, unique visitors and average actions per visits
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Figure3: Number of pageviews per day

Next, Figure4 shows thenumber ofvisits per time of the daws recorded by the server. This
means that two visitors from different time zones will be tracked by the local server time and
not by their specific time zone¥/ith no surprise, @ can observagaina common pattern,
where the pak activity happens first in the morning between 10h00h00 and a secomeak
between 15h00 and 17h00.
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Figure4: Number of visits per server hour

Figure5, further reinforces this fact by showing that a large amount o aseving on the
BnL Viewer stayno more thari0 secondddowever,manyusersseento have long sessions
on the viewems well This metric is important and can later be used to measarehi&nge in
the user interfacearanslatednto actual improvements, such im€reasing the timéhatuses
spent on thsite
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Figure5: Number of visits per visit length

Finally, Piwik can also track the location of the uderthis case, most visitsamefrom
Luxembourg, followed by Germanyhen France.This insight, along with the browser
language data, which is covered in the nextisn,can guide several decisions related to the
user interface and the content itself. For examplinefanalytics shows that the language of

the users is completely different than the language of the content itself, then a translation feature
might ke worth implementing. That way, the same content becomes more attractive to the
existing user base.

User devices, browsers andonfigurations
Figure6 shows the different devidgpesand operating systemh is clear thathe user base
of the BnL Viewemostly consists of Desktop users on a Windows operating system. Mobile



and tablet users averylow and this data caeadto several interpretations. A possible reason
could just be that users prefer to use larger screens for using a digital content viewer. Another
possibility could be that the current service is moich sed by younger audiencesho are

heavy mobile usel20]. And the fact that the current content viewer is not responsive and not
well suited to mobile devices also plays a strong role here.
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Figure6: Device types and openag) systems

During the 2month period 150 differentscreen resolutionsave beerracked, whichshows

the importance of having a fully responsive web site that can scale and present itself optimally
on any screen. Unfortunatelye current welbased BnlLViewer is not optimized for mobile
devices.Thus, hisis a clear point of improvemeriigure7 shows the top screen resolutions.
When investigating in more detail85 different configurations (deviescreerbrowser
combination) have been recorded in those 2 moirksting onthe fact that responsiveness

and cross browser/platform support is highly important.
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Figure7: Number of visitper screen resolution

Regarding the language, users have their bromsstly inFrench, Germargnglishandeven
LuxemburgishSince most people in Luxembourg speak 4 or even more languages, this result
is expectedThus,it is also a criticatequirement to support internalizationadfweb services.
Finally, we can sem Figure8 that the majority of visitors angsingFirefoxandChrome, but



also |IE andSafari. Additionally, all users are natecessarilyon the latest versioof each
browser This reinforces the need to test any veelvice on every major browsand across
multiple versions
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Figure8: Number of visitors per browser

Cutom BnL Events

As previously mentioned, custom events are tracked in order to analyze and understand which
features ardeingused and which osere not.Custom events are the most helpful kind of
metrics thatdirectly measure a user interface and evaluate the usage of features. Here, the
primary aim was to know which featureseve not used and would be better removed or
implemented in a different way. Featutkat are not used are not automaticaligless. They
couldhighlight poor design choices where the user does not find those features, and therefore
does not use therm such cases, the best solution would be to perform A/B tesitithg user
interface This consists of deploying two different Ul versions and éelixersion A to the

main user base and version B to a subset of that user base. Then it is measured which one
converts more people to a defined goal.
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Each event belongs to one category which relates to one main user interface corfrpment.
9 shows the number of events per category. At the moment, there aeg)oricet.

Regarding events, there &4individual events tracked in totarigure10 presents the top0

events across all categoridmalyzing events inside eadategory is also possible but less
recommended, since it can lead to value features that seem to be used a lot inside a single

category, but then used rarely comparedlitevents on that view. This is especially true here,

since all categories are pafttbe same main view
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Figure10: Number of occurances per custom evéop 0

We can see from the data that the user zooms in a lot. Looking back the design of the current

BnL Viewer (Figurel), we see that the user actually has to zoom in to look into the details of
a page and this is mostly done using the zoom button on the toolbar. Those are clicks or taps
that could be eliminad by using another image viewing teotogy, such as OpenSeadragon

[17], which allows more intuitive zooming usitige mouse wheel oa pinch gesture.

Form the next top events, we can see that the table of content and features to go to the next

page or $sue are used lot andthis shows that a content viewer not omilgsthe goal of
displaying content but also to allow efficient navigation to otfedated or linkeddigital

elementsAnother important point is that there have been quite a lot ofd®fload as well
as copy egnts on the displayed full text, which hints that users do use features thataallow

get all, or parts, of a digital item fasage elsewhere or offline

It is worth noting that despite the fact that the most important paéneafiser interface is the
presentation of the digitabntenf most of theclicking actionsare happening in the top toolbar
or in the left sidebar. Thus, it is crucial for such a digital content viewer to focus on keeping
the attention of the user on td&ital content and to not add too much distractions around.

Features can be numerous, but the user interface should not be cluttered.
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Therefore, the aim for the next major iteration of BnL Viewer will be to enable richer
interactions with the actual digl content. Everything around the digital content would be
better designed in a minimalistic manner, only presenting the user the core functionalities for
efficient navigation and search.

Many, less usedfunctionalities are directly visible on a toalbor pank Since, users do not
use themgeventhoughthey are right there, those features can effectively be relocated to a
discrete menu for example or removed altogether.

Search inside Viewer

The BnL Viewersupports articldevel selection (highlight) as well as full text search with
word highlighting. Thus, tracking what theser searchedor is very valuableand allows
trackingthe usage of the search functemwell asvhat search terms are us@€bncerning the
datg around 3000 searchesvebeenrecorded during fothe two-month period This metric

can later be extended by also tracking ¢karch results. As an example, analyzing when a
search term gives no results is a very important informaliat can be used improvethe
searchengine

From Data to Prototype

Finally, the BnL took all those results into consideration in order to devalwpproved user
interface for the BnL ViewerFigure 11 showcase$iow the new versiorwould most likely

look like on a desktop and on a mohiievice The main user interface components such as the
toolbar and the left panel have been kept but their desigmbe®en reworked. First, in order

to support small mobile screens, it is crucial that the left panel can be hidden and the top bar
can be minified. The changes focus on prioritizing the viewing and mangoutztthe main

digital content Some unused feateshavebeen removed, while others have been organized
into nondistracting, yet accessible, setting menfisd, obviously analytical custom events
needto be implemented again into this new user interface, in order to have a continuous
understanding of dw the platform is being used and take the best decisions for future
iterations.
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