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Abstract: Mobile devices such as smartphones and tablet [Pa¥e gained global
popularity and are increasingly used in all arebglaily life, including learning and
assessment activities. To support different kinfldearning and assessment content, a
versatile and comprehensive system is desirabladtition, other aspects of long-term
assessments have to be covered such as secutityrdgection and adaptivity, e.g. to new
schedules or items. In this paper, we presentdheeapt and realization of an Android-based
mobile assessment system especially designedtiookasage. It has been used already in
several research studies in elementary schools, te.gneasure daily fluctuations of
cognitive performance capabilities.
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Introduction

Modern daily life is more and more influenced byiquiitous usage of smartphones and
tablet PCs. This "not being tied to particular kmas and times" [1] is not bound to specific
domains or areas of application. The mobility ipexsally interesting in the areas of
learning and assessment, particularly for, butinoted to, schoolchildren.

For certain kinds of studies it is important todige to test on a recurring basis and
more than once a day. In addition, the actual ngstshould be as smooth and
non-interruptive as possible to avoid organisatigmablems and to ensure validity of the
data. To cope with this general challenge, molalghmology can be a solution. Until
recently, it was hard to find devices that were ieglsuitable for children and both
affordable and powerful enough for testing purpoges pointed out above, this has
changed now. Using smartphones or tablets for sissad triggers a positive side-effect:
Children are excited about using “cool” technolegyich might increase their motivation.
Our group was asked for technical support for &psgnetric study of daily fluctuations in
children’s cognitive performance in the school estit The general goal was to assess
children’s cognitive resources three times a dayséveral weeks within the school year.
Approximately 120 children aged between 9 and His/evere planned to be tested.

To make this possible, we designed a versatilecantprehensive mobile assessment
(and learning) solution. Our overall system is ¢aeg to the school context but not limited
to it. We did not restrict our system in terms gbds of content and aimed for open
standards. Special emphasis was put on test secartonomous test delivery, and
automatic data synchronization.

The first section of this paper presents requirgsmér a mobile assessment system,
followed by the system architecture in Section &eAvards, in Section 3, we outline a
case-study where our system has been used extign3ike paper concludes with a section
on related work and an outlook.
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1. System Requirements

As outlined in the introduction our aim is to sugpmobile assessments, especially in the
school context. The analysis of this aim reveahedd major requirement areas:

« Content
0 Wide range of item types
o External production of items
0 Usage of standards
* Hardware and Systems
0 Inexpensive, yet reliable
0 Easy access to system internals
*  Assessment Delivery
o Autonomous (unproctored) testing, particularly aésof school (afternoon,
week-ends)
0 Assessment security and data protection

We will give an overview on the requirements instBection. Possible strategies to cope
with them are outlined here. Our solution(s) wél discussed in detail in extra sections.

The most important part of a generic assessmeaiersyis the content it delivers and
the way it is produced. The system has to suppatitia range of item types. At the same
time, it should follow existing standards for camteescription and interoperability. This
ensures that already existing content may be reaursgthewly created one may be used also
for other purposes.

Our choice was to use the IMS Question & Testragerability Specification (QTI)
standard [2] as a starting point. While this staddeas certain deficits, it allows for reusing
external (PC-based) tools as well as some assessorgant. In addition, a later integration
of our system into learning management systemaMi@edle [3, 4] will be easier.

An important decision for any mobile applicatiorthe choice of the underlying hardware
(and software) system. While it is in principle pitde to develop hardware-independent
mobile software — e.g., using browser technologin-feality this conflicts with the
requirement of test security and autonomous testing

So we decided to develop a native applicatiorea$iof a web application and had to
choose a platform. There are plenty of choicesAigple’s iOS [5], Android [6], Samsung’s
Bada [7], Windows Mobile [8], and BlackBerry [9] tmme but a few. As we aimed at a
maximum of choices regarding the hardware and aragring possibilities we chose the
Android platform.

Assessment security was already introduced absvanaimportant requirement. It
means that it has to be as hard as possible to wihda testing, to fake the results, to copy
the items, or to gain access to other people’s. dataddition, we wanted to enable
unproctored testing, e.g., on afternoons or wealsenherefore we need to be able to lock
down the mobile devices. All processes have tmbepbetely under our control: assessment
times, data synchronisation, updates and so orwMe@escribe our choices and the overall
system design throughout the remaining sectionkisfpaper.

2. System Architecture
To fulfil our requirements, we developed the systgohitecture illustrated in Figure 1. The

two main applications, executed on the smartphame, the “Assessment Controlling
Application” and the “Assessment Rendering Applmait Both applications are
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developed to be executed on Android based mobileee The Assessment Controlling
Application is responsible for scheduling the attaasessments and for ensuring
assessment security and data protection. It alables the smartphones to connect to the
Classroom Server and therefore also to the CeStaler to get updates and export test
results. The Assessment Rendering Application nended illustrates the assessments. It
also displays results and feedback to the user.

In addition to these applications, we have dewadoportable servers for each
classroom to gather test results and to providendloessary updates for the smartphones.
Each of these classroom servers connects to theatsarver to synchronise the data. We
will now describe these system parts in detailughmut the next sections.
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Fig. 1. The Mobile Assessment System
2.1 Assessment Rendering Application

Smartphones are built upon proven and existingvsoé and technology and they are in
principle compatible to usual PCs, but only up taetain extent. There are some
compatibility limitations such as screen- and memsize on the hardware side, and
adaptations of the operating systems and progragiainguages that are directly supported
on the software side. The content and the appbieatused for ambulatory assessment
purposes therefore cannot be directly transformau Standard computerized assessment.
Special design issues have to be considered. Wipydebthe Assessment Rendering
Application upon Android system. The applicatiorivcers a framework to better support
for offline ambulatory assessment and to minimizepatibility limitations.

372



2.1.1 Assessment Tests and Items

QTl is one of the most widely accepted specifiaaion the assessment and learning area.
QTI defines a format for the representation of ssseent content and results. It consists of a
data model that defines the structure of questi@ssessments and their results.
Assessments can be built by combining several it@psonally combined in sections).
Besides the actual item content, item descriptspesify whether the answers are used for
response processing and whether feedback is pawithin a test. QTI provides several
templates for multiple-choice, matches, hot-spetsdback etc [2].

2.1.2 Android Platform

Google’s Android is a software stack for mobile ides. It is a combination of a free,
open-source operating system for mobile devicesjdleware and key applications.
Android applications are written in Java as a paagning language but executed by means
of a custom virtual machine called Dalvik VM [10Jalvik is a JVM optimised for Android

to cope with the mobile device limitations suclsasll memory, slow processor speed, and
limited battery capacity. Every application runstgiown instance of the Dalvik VM [11].
Android applications consist of loosely coupled poments and therefore are quite
different from traditional (desktop) applicationghe most important components of the
Android SDK are Activities, Services, Content pisfis, Intents, and Widgets [12, 13]. The
version we used for our implementation is Androi@. 2

2.1.3 System Design of the Assessment Rendering Appficati

The application is designed according to the Madeln-Controller (MVC) pattern [18].
This pattern separates the different aspects ofagiication and enables independent
development, testing and maintenance. According MUC pattern, the Activity
components [17] are expected to take care of bwhview and Controller tasks. In their
role of a controller, they initialise the Modelppide the Accessors for getting data from the
Model, and implement listeners. As a View theyléet observers and notify automatically
of any state changes.

Figure 2 illustrates the architecture of the aggilon. It shows the main Activity of the
application user interface, which includes a widganed Viewflipper [17]. A Viewflipper
animates views that have been added to it. Views®sx user interfaces for test items that
handle screen layout and interaction with the uBempresent the test items, elements such
as widgets, buttons, images and texts are adddbetdierarchical layouts within the
respective view.

Main Aclivily QTlI XML
ViewFlipper 1
Views Simple XML
Framework
A
Layouts/ L
Widgets B N Java QTI
- - library
Andraid operating system

Fig. 2. Assessment Rendering Application
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We use Simple [14], an XML serialization and cgofiation framework for Java, to
process QTI XML. It supports the process of sesiafj Java objects to XML and
de-serialising XML back to Java. Simple is providid the Java platform and in
comparison to the Android libraries availablesieasier to use and more flexible [15].

To enable interpretation and execution of theel&ékzed files on a Java platform, we
built a Java QTI library that reflects the QTI XMile structure. The Java QTI library serves
as a domain model and illustrates both aggregatas lists of QTI tests and items.
Differences to other existing libraries are desadliln the section on related work.

On Android, there are several ways to catch odleathe events generated by a user
interaction with the touch screen of the smartpHa8¢ For instance, touching a button is
one possibility to generate an event within ther usterface. A different possibility to
capture the very same interaction (touching a pieele area of the screen) is to define
hotspot points. We used the first method for impatmng the widgets of the QTI
interactive elements.

2.2 Assessment Controlling Application

This part of our Mobile Assessment System is arsgpaindroid application that mainly
works as a scheduler for executing instances oAisessment Rendering Application, one
for each assessment. Coordinating data transferagiag security aspects and locking the
phone are other jobs of this application.

An XML file describes the configuration and inlt@ation settings. It contains
information about the processes to be run and alsntheir behavior. A process can for
example be an instance of the Assessment Rend&pjigcation, a download- or an upload
operation.

A scheduler file specifies the dates and timesslotvhich a process is to be run. There
is also a timeout determined for test blocks. éftime is over, the test block is skipped. It is
possible to define separate schedules and testiatat®r each user.

The Assessment Controlling Application establishh@sreless connection between the
smartphones and the classroom servers. The coondstinecessary to download new
assessment content and software updates from ther e the phone and to upload the
results of the assessment to the server. The snozes need to be configured properly to
be able to communicate with the classroom servEws. this purpose, there is a
configuration file that contains information abdhe connection address, user name and
password to access the server. It may also cottairuser identifier. This id is used to
distinguish between the uploaded files from difféqghones on the server. If no identifier is
supplied, the device id is used which is uniquesich phone.

As security plays a major role in unproctoreditestthe Controlling System provides
the essential security mechanisms to prevent gatheraccurate data or faked results. An
important element is changing the default homeescid the smartphone to our custom
home screen. Unnecessary functionalities of thertpimanes, which are not used for the
assessments such as the camera, are permaneatiiedisSo the end-user is not able to
manipulate the system.

2.3 Server Infrastructure

Besides implementing the client side of the syst@veloping the server infrastructure to
support mobile assessment also posed a significtwallenge. This includes an
authentication system and a high security systerddta synchronisation.

The classroom servers provide wireless LAN (WLA®I)the connection between the
mobile devices and the classroom servers, basddeoile Transfer Protocol (FTP). The
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connection between the classroom servers and thieateserver uses a point-to-point
Virtual Private Network (VPN). It is not necessanyhave a stationary internet connection
in the classrooms as the classroom servers usdewalio connections to connect to the
central server. The smartphones are configuresbnmext to their classroom server on a
regular basis to export the test results.

We decided to support two different connectionsvben the classroom servers and
the central server. The first (and preferred) gmksi is to use the school’s network and
integrate the classroom server(s) into that netwbBdch classroom server establishes a
connection to the central server via a VPN to emslata security. The second networking
possibility comes into play if the first connectifails or is not available in a certain school.
The classroom servers are equipped with mobiledivaad modems that support the
advanced Universal Mobile Telecommunications Systé@dMTS) standard. This
autonomous internet access provides the secondixycdnnection, which may also be run
in parallel to the first.

The central server is equipped with two diffenesttwork interfaces, one for each VPN
connection. This is necessary to support both adiores (UMTS and school network),
because they are configured and rooted differerfigce at least one connection is
established, it can be used not only for data symihation or applying updates, it is also
used to get secured remote access to the mobiersir administration or adjusting
settings. For example, it might be necessary taydile regular file transfer because of high
network traffic caused by running backups.

The central server also provides a simple web§3ite website e.g. provides easy
access for uploading updates or other files. THiése will be transferred to the mobile
server immediately and redistributed to the clients

3. Case Study: FLUX

The project Assessment of Cognitive Performance dtuations in the School ConteXt
(FLUX) deals with daily fluctuations in children®ognitive performance in the school
context using mobile assessment techniques. Thatoagtasks such as working memory,
processing speed, and updating as well as questimg mood, motivational aspects, and
situational issues are being processed twice totfimes a day for several weeks [19].

One idea behind the FLUX project is to assesslamnls cognitive performance in
daily life. This so-called “ambulatory assessmayproach aims at increasing ecological
validity of measures by assessing children in thaturalistic contexts. Another aim was to
administer cognitive tasks and to assess childranswers and reaction times. After
establishing tasks with satisfactory psychometriopprties for this purpose, daily
fluctuations in cognitive resources will be desedband their role for so-calleftuid
intelligence and school achievement will be invgeied at the group and the individual
level applying multilevel as well as time serieglgres [19]. The Dell Streak 5 was selected
as a smartphone for the FLUX project.

The assessment tests and items in FLUX are defm&il| format. The items are
simple and the interactions are mostly choice, ¢exty, slider, hotspot, and graphic order.
Figure 3 shows sample items that have been desigii@dJX. Please note that all rights on
the images are with the FLUX project.

Item 1 is a single choice item. The participard ttadecide whether the images shown
on the left and on the right side are identicale Bmswer is given by pressing one of the
buttons in the lower part of the screen. Doingtke,next item is shown automatically. In
case of no answer the next item is shown aftetitheout specified in the item definition
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file. Items 2 and 3 are multiple choice items, vhikustrateworking memory task20].
The items assess the ability to simultaneously taeirand process information.

g e
Item 2 Iy L y

Ttem 1 [ﬂm e Ttem 3

Fig. 3. Sample ltems

Item 2 shows images placed in the grid at thervegg of the test. Afterwards,
movements are shown. The test-taker has to remeimdb@pdated positions and place the
images in the grid accordingly. In Item 3, the #@&ier hast to add or subtract numbers
displayed in random order.

The findings of the FLUX study offer interestinggights into the extent to which using
mobile techniques might be applied for supportimdpalatory assessment. It also highlights
a number of major challenges that this format safsethe design of such resources.

4. Conclusion and Outlook

We have presented an integrated approach to eaablesupport mobile assessment in
schools. Special emphasis was put on the usageeof standards and on test security. Our
solution has been tested in several smaller arahénlarger study where more than 120
students are tested three times a day over seveeds.

We do not only provide software but integrat@ibia generic approach consisting of a
hardware/software system with a central server,tiptal classroom servers and the
smartphones (or tablets) used for the assessmenaiwfor unsupervised assessment; the
phones can be handed over to the students for dbessment period without manual
intervention necessary.

Our future plans are manifold. We want to extdreddupport for additional item types.
This may go beyond the QTI standard, so we hawe/gstigate additional standards usable
for our purpose. Assessments are an integral galdaoning. We want to extend the
possibilities of the system to better support edeg activities. Parts of our software
development, especially for the test security, Hasen thoroughly tested only on one type
of smartphone (the Dell Streak). We plan to extdrabasis of supported smartphones,
especially to more recent models. However, havinghind the innovation speed in the
mobile sector, this is an on-going effort withoutde Moreover, we plan to include
additional hardware support into our system. Masarsphones offer sensors like GPS or a
camera that might be used for assessment purpsseslla
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5. Related Work

As we mentioned above, important parts of our sysdee based on QTI XML. We have
implemented an Android Java QTI library. A simieork called Mobile QTI playr [21] has
been done at the University of Southampton. Thidiegtion is an adapted version of a QTI
engine [22]. The QTI engine uses a web interfacertavse through an assessment. It
transforms QTI XML files via XSLT [23] in two stepato XHTML files. An XHTML
renderer displays these output files in a browkethe Mobile QTI playr, the XHTML
renderer has been redesigned and re-implementeuidioite devices. To display XHTML
files, it is necessary to install a mobile web servjetty [25], on each Mobile device [21].
The QTI library that we implemented uses an XMLiaemation framework, which is
Android compatible, to de-serialize QTI XML directio Java objects and to serialize the
objects back from Java to XML. The items of theeasment are implemented in Java using
the Android SDK. So they can be run directly a®\@p on any Android device.

Our design decision was mainly based on test gg@ansiderations. This is easier to
accomplish having full control over the assessmapptication. In addition it is desirable to
have as few processes run on the smartphone ablpagsthat full access to all resources
can be ensured for the main process.
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