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“On the flip side of everything we think we absolutely understand lurks an equal 
amount of the unknown.  

Understanding is but the sum of our misunderstandings.   
Just between us, that’s my way of comprehending the world.” 

-------------------------------------------------------------------------------------------------- 
“Detrás de lo que creemos conocer de sobra se esconde una cantidad equivalente 

de desconocimiento.  
La comprensión no es más que un conjunto de equívocos.  

Ésta (y que quede entre nosotros) es mi simple manera de conocer el mundo.” 
 

Haruki Murakami (Sputnik Sweetheart)
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Abstract 
 
The use of objective tests in Technology Enhanced Learning (TEL) is 
based on the application of computers to support automatic assessment. 
Current research in this domain is mainly focused on the design of new 
question-items, being IMS Question and Test Interoperability (QTI) the 
recognized de-facto standard. This thesis claims that the domain can be 
extended with the design of advanced test-scenarios that integrate new 
interactive contexts for the visualization of question-items and tests, and 
that consider different types of devices and technologies that enable 
diverse activity settings. In this context, the dissertation proposes to term 
the domain as Computing-Based Testing (CBT) instead of Computer-
Based Testing because it captures better the new technological support 
possibilities for testing. Advanced CBT scenarios can increase teachers’ 
choices in the design of more appropriate tests for their subject areas, 
enabling the assessment of higher-order skills.  

With the aim of modelling an advanced CBT domain that extends the 
current possibilities of QTI and related work, this thesis provides a set of 
contributions around three objectives. The first objective deals with 
proposing a Conceptual Model for the CBT domain considering three 
main dimensions: the Question-item, the Test and the Activity. To tackle 
this objective, the thesis presents, on the one hand, a framework to assist 
in the categorization and design of advanced CBT scenarios and, on the 
other hand, two models that suggest elements for technologically 
representing the Test and Question-item dimensions. The models are 
platform-independent models (PIM) that extend QTI in order to support 
advanced CBT. Besides, the use of patterns is proposed to complement 
the modelling of the domain. The second objective seeks to show the 
relevance, value and applicability of the CBT Conceptual Model through 
exemplary challenging scenarios and case studies in authentic settings. To 
this end, the dissertation evaluates the design and implementation of a set 
of CBT systems and experiments. All the experiments use the proposed 
CBT Conceptual Model for designing an advanced CBT scenario. For 
each case the CBT-PIMs serve as the basis for developing a particular 
CBT-PSM and system. The evaluation results show that the 
implementations foster educational benefits, enable the assessment of 
higher-order skills and enhance the students’ motivation. Finally, the third 
objective is devoted to propose extension paths for QTI. The collection of 
models proposed in the thesis suggests different extension directions for 
QTI so as to enable the implementation of advanced questions, tests and 
activities. The proposed systems and scenarios also represent reference 
implementation and good practices of the proposed extension paths.     
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Resumen 
 
El uso de test de corrección automática, en el Aprendizaje Apoyado por 
Tecnologías de la Información y las Comunicaciones, se basa en el uso de 
ordenadores. Las propuestas actuales se centran en el diseño de nuevas 
preguntas, siendo IMS Question and Test Interoperability (QTI) el 
estándar de-facto. La tesis propone que este dominio puede ser extendido 
con el diseño de escenarios de test avanzados que integren nuevos 
contextos de interacción para la visualización de preguntas y tests, y que 
consideren la aplicación de diversos dispositivos tecnológicos para 
permitir diversos tipos de actividades. En este contexto se propone usar el 
término inglés Computing-Based Testing (CBT) para referirse al dominio, 
en vez de usar el término Computer-Based Testing, enfatizando el papel 
de la tecnología para la evaluación basada en test. Los escenarios CBT 
avanzados pueden aumentar la posibilidad de que los profesores puedan 
diseñar test más adecuados para sus asignaturas, permitiendo la 
evaluación de habilidades de alto nivel. 
Con el reto principal de modelar el dominio del CBT extendiendo las 
posibilidades actuales de QTI y las aproximaciones actuales, esta tesis 
proporciona un conjunto de contribuciones relacionadas con tres 
objetivos. El primer objetivo de la tesis es proponer un Modelo 
Conceptual definiendo y relacionando tres dimensiones: Pregunta, Test y 
Actividad. Por una parte, se propone un marco como guía en la 
categorización y diseño de escenarios CBT. Además, se proponen dos 
modelos que indican los elementos para la representación tecnológica de 
preguntas y test. Estos modelos son independientes de plataforma (PIM) 
que extienden QTI formulando los elementos que permiten implementar 
escenarios CBT avanzados. Además, se propone el uso de patrones como 
complemento en el modelado del dominio. El segundo objetivo trata de 
mostrar la relevancia y aplicabilidad de las contribuciones a través de 
escenarios y casos de estudio representativos en contextos reales. Para 
ello, se evalúa el diseño e implementación de un conjunto de 
experimentos y sistemas. En todos los experimentos se utiliza el Modelo 
Conceptual para diseñar escenarios CBT avanzados. Para cada caso los 
CBT-PIMs sirven como base para desarrollar modelos específicos de 
plataforma (CBT-PSMs) y sistemas asociados. La evaluación muestra que 
las implementaciones resultantes tienen beneficios educativos positivos, 
permitiendo la evaluación de habilidades de alto nivel y mejorando la 
motivación de los estudiantes. Finalmente, el tercer objetivo se centra en 
proponer vías de extensión para QTI. La colección de modelos propuestos 
sugiere diferentes direcciones de extensión de QTI para la 
implementación de preguntas, tests y actividades avanzados. Los 
escenarios y sistemas llevados a cabo representan implementaciones de 
referencia y buenas prácticas para las vías de extensión propuestas. 
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Resum 
 
L’ús de tests de correcció automàtica, en l’Aprenentatge Soportat per 
Tecnologies de la Informació i les Comunicacions, està basat en l’ús 
d’ordinadors. Les propostes actuals es centren en el disseny de noves 
preguntes, essent IMS Question and Test Interoperability (QTI) el 
estàndard de-facto.  Aquesta tesis proposa que aquest domini pot ser extés 
amb el disseny d’escenaris de test avançats que integrin nous contextos 
d’interacció per a la visualització de preguntes i tests, que a més 
considerin l’aplicació de diversos dispositius tecnològics per permetre 
diferents tipus d’activitats. En aquest context, es proposa usar el terme 
anglès Computing-Based Testing (CBT) per a referir-se al domini, en 
comptes d’usar el terme Computer-Based Testing, enfatitzant en l’inclusió 
de diverses tecnologies per a l’avaluació basada en test. L’aplicació 
d’escenaris CBT avançats pot augmentar la possibilitat de que els 
professors puguin disenyar test més adequats per a les seves assignatures, 
facilitant l’avaluació d’habilitats d’alt nivell. 

Amb el repte principal de modelar el domini del CBT extenent les 
possibilitats actuals de QTI i les aproximacions actuals, aquesta tesis 
proporciona contribucions relacionades amb tres objectius. El primer 
objectiu de la tesis és proposar un Model Conceptual definint i relacionant 
tres dimensions: Preguntes, Test i Activitat.  Per una part, es proposa un 
marc com a guia en la categorització i disseny d’escenaris CBT avançats. 
A més a més, es proposen dos models que indiquen els elements 
necessaris per a la representació tecnològica de preguntes i test. Aquests 
models són independents de plataforma (PIM) que extenen QTI formulant 
els elements que permetran implementar escenaris CBT avançats. A més a 
més, es proposa l’ús de patrons com a complement en el modelatge 
d’aquest domini. El segon objectiu tracta de mostrar la rellevància, valor i 
aplicabilitat de les contribucions a través d’escenaris i casos d’estudi 
representatius en contextos reals. Per aquest fi, s’avalua el disseny i 
implementació d’un conjunt d’experiments i sistemes. Tots els 
experiments utilitzen el Model Conceptual per a dissenyar escenaris CBT 
avançats. Per a cada cas, els CBT-PIM serveixen com a base per a 
desenvolupar els models específics de plataforma (CBT-PSM) i sistemes 
corresponents. L’avaluació mostra que les implementacions resultants  
tenen beneficis educatius positius, fent possible l’avaluació d’habilitats 
d’alt nivell i millorant la motivació dels estudiants. Finalment, el tercer 
objectiu es centra en proposar vies d’extensió per a QTI. La col·lecció de 
models proposats suggereix diferents direccions d’extensió de QTI per a 
la implementació de preguntes, tests i activitats avançades. Els escenaris i 
sistemes duts a terme representen implementacions de referència i bones 
pràctiques per a les vies d’extensió proposades. 
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CHAPTER ONE 
 

INTRODUCTION 
 

This chapter introduces the main problems in the Computing-Based Testing field 
of research that motivate the PhD thesis. The chapter presents the objectives, the 
obtained contributions, the applied research methodology and finally the structure 
of the dissertation. 
 

1.1. Introduction 
Computer Assisted Assessment (CAA) is the research field within 
Technology-Enhanced Learning (TEL) that studies how to use computers 
to support and enhance educational assessment (Conole & Warburton, 
2005). In this field there is a specific focus of research called, Computer-
Based Testing, which studies the use of objective tests to assess 
knowledge in scenarios where users have to response questions whose 
correct answers are predetermined (Bull & McKenna, 2004). Particularly, 
the use of objective tests (or automatic tests) provides advantages such as: 
improving the interactivity with the learning contents, presenting a 
question, obtaining a response, evaluating a response, providing a mark 
and answering with feedback automatically (Bull et al., 2002). The main 
aim is to help teachers in grading students and to provide students with 
automatic feedback, as well as, aligning assessment with the objectives of 
the educational curriculums to support a variety of skills including general 
and subject matter abilities (Bennett, 1998). 

However, despite the benefits of using automatic tests, the way of using 
traditional types of questions (e.g., Multiple Choice, Multiple Response or 
Fill in the blank) difficults the assessment of higher-order skills such as: 
problem solving, problem exploration, collaboration, creativity, 
discovering rules, developing effective strategies, spatial or time 
perception, among others. Generally, these types of questions lack of 
complexity (Mayotte, 2010) and do not adequately capture the goals of an 
educational curriculum fostering teachers’ frustration (Bennett, 1998; 
Ridgway & McCusker, 2003). The problem occurs when some skills are 
included in the educational curriculum but the methods to assess them are 
not appropriate (Benett, 1993; Boyle & Hutchison, 2009). One of the 
major concerns of the researchers of this field is to create new types of 
question-items to solve this problem. 

Different researchers claim that the use of Information and 
Communication Technologies (ICT) enables the design of new 
assessment solutions, allowing the creation of more complex scenarios 
based on tests. Creating advanced assessment scenarios should involve the 
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use of technology to perform test-activities which would be impossible or 
very expensive to reproduce using traditional methods of assessment (e.g., 
paper & pencil, P&P). ICTs offer the possibility of using simulations, 
managing a big quantity of updated and enriched information, increasing 
the interaction with the information and making the student more 
participative in the assessment process (Conole & Warburton, 2005). 
(Bennett, 1999) indicated that the addition of multimedia resources in the 
creation of questions helps the teacher to assess more tasks. Recently, 
(Boyle & Hutchison, 2009) stated that the more technological resources 
you use, the higher skills and more sophisticated tasks can be evaluated. 
The JISC report “Effective assessment in digital age” (JISC, 2010) 
claimed that technology has to be used to create authentic assessment. 
Authentic assessment means that students can demonstrate and practice 
their skills like in real life tasks.  

According with Bull and McKenna, in their Blueprint for assessment, they 
defined that: “CAA is a common term for the use of computers in the 
assessment of student learning” (Bull & McKenna, 2004). But currently, 
some researchers state that the use of handheld devices will transform the 
learning and assessment practices (B. Thompson, 2005), opening up the 
possibilities of using other technologies to support assessment based on 
tests. The domain problem undertaken in this dissertation is focused on 
facilitating the design and implementation of advanced assessment 
scenarios based on tests to assess higher order skills. Specifically, the 
dissertation analyses the use of diverse technologies and their application 
to support and enhance different aspects of objective tests. This 
dissertation uses the term “Computing” instead of “Computer” when 
referring to Computing-based Testing (CBT) scenarios. The reason behind 
is that different devices such as smart-phones, PDA’s, consoles or 
supporting technologies such as NFC or RFID tags, GPS and Bluetooth or 
web 2.0 applications can be used to support assessment (de-Marcos et al., 
2010; Hwang & Chang, 2011; Sharples, Corlett, & Westmancott, 2002; 
Susono & Shimomura, 2006; Triantafillou, Georgiadou, & Economides, 
2008). The use of adequate technologies increases the possibilities of 
creating new types of questions, tests and assessment activities based on 
tests more adapted to real life tasks. As a consequence, the frustration that 
many teachers have when they design a test which it is not appropriate for 
their subject area can be avoided because they have the possibility of 
creating more authentic assessment. 

Another concern associated to this research is that tests have to be 
computationally represented in order to support its automatic 
interpretation by software tools/systems. Educational technology 
specifications for assessment provide formalizations to represent the 
information of objective tests. Especially, the IMS Question & Test 
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Interoperability (QTI) is the de-facto standard to represent question-items, 
tests and assessment results (Harchay, Cheniti, & Braham, 2010; 
ICOPER, 2011; IMS, 2006a). Considering that QTI is the de-facto 
standard for the CBT community, this dissertation uses the term 
“standard” when referring about QTI. The benefits of QTI are that it is 
very easy of managing because its XML building and its support re-
usability, adaptability, scalability, and interoperability with other 
languages and systems. Particularly QTI interoperates with other IMS 
specifications such as IMS Learning Design (IMS, 2003). 

The aim of QTI is to provide an interoperable data model for the 
representation of questions, their aggregation in tests, and the definition of 
sophisticated ways of producing outcomes reports for the whole test. 
These tests can be created and realized by compliant systems. A QTI 
compliant editor (used by a teacher) will turn the test and questions into a 
set of XML files containing all their information. Similarly, the students’ 
interactions and answers can be visualized with a QTI compliant player. 
And, finally a QTI engine assesses automatically the responses and 
provides feedback (ICOPER, 2011). 

The QTI Information Model latest version does not include the sufficient 
elements to represent advanced CBT solutions (Joosten et al., 2007). QTI 
supports question-items involving graphical interactions, such as hot spot 
or select point, among others. Although, QTI does not address interactions 
adapted to specific educational goals, thanks to the flexibility of its 
Information Model a valid solution to the integration of interactive media 
can be based on the QTI standard. Another concern is that QTI was 
conceived for being used with computers. However, the current inclusion 
of mobile and handheld devices in assessment offers the opportunity of 
using and adapting this standard considering the intrinsic characteristics of 
these devices. Nevertheless, there is lack of significant examples and 
efforts showing the possibilities of QTI for advanced CBT (de-Marcos et 
al., 2010; Zhang, Wills, Gilbert, Warburton, & Bacigalupo, 2010). 
Although, there are few examples that show how to use QTI to implement 
advanced CBT scenarios, it is a relevant candidate to computationally 
represent these scenarios because the formalization and interoperability 
prospects that it provides. The real use and analysis of this standard will 
be very useful to detect its advantages and disadvantages for 
implementing CBT scenarios compliant with QTI. This analysis will 
enable the main objective of this dissertation, to propose a re-formulation 
and modelization of the CBT conceptual domain. 

As Joosten also claimed, assessment system developers need to share the 
same assessment conceptual domain to understand what elements can be 
re-used or ex-changed. The modelization of the CBT conceptual domain 
will facilitate the analysis, the design and implementation of advanced 
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CBT scenarios and systems. The aim is to provide a conceptual CBT 
model which includes the use of advanced ICTs in CBT scenarios to 
support the assessment of higher-order students’ skills. One the one hand 
this conceptual model will be based on an extension of the QTI 
information model, on the other hand in the analysis, proposals and 
experiments done in this dissertation. The conceptual model will be 
formed by proposals of new CBT concepts, a framework, platform 
independent (and specific) models and patterns. The framework and the 
models will be used to define the general elements (and relations) that 
have to be considered to design and implement the three CBT dimensions: 
the Question-item, the Test and the Activity. Patterns will be used as 
instruments to model specific complex problems occurred in particular 
CBT contexts. All the contributions will enable to propose an updated 
model of the CBT domain. 

The objective of the framework is to define and relate the three proposed 
dimensions which have to be considered for advancing on CBT: the 
Question-item, the Test and the Activity. The framework will assist in the 
categorization and design of advanced CBT scenarios. Besides, the 
dissertation proposes two models for the technological design and 
implementation of the Test and Question-item dimensions. The models 
will represent an extension of QTI. Following the Model Driven 
Arquitecture (MDA), these will be platform-independent models (PIM) 
that formulate the elements that could be mapped to platform-specific 
models (PSM) for implementing particular advanced CBT solutions. To 
show the relevance, value and applicability of the conceptual model, the 
dissertation also describes the design and implementation of three 
exemplary CBT application cases with their corresponding CBT-PSMs. 

Since, patterns offer a useful method for sharing good techniques and 
solutions to recurrent problems in given contexts (Goodyear et al., 2004). 
McAndrew analysed the application of patterns using LD (McAndrew, 
Goodyear, & Dalziel, 2006; McAndrew et al., 2006), Griffiths and Blat 
proposed patterns as a solution to provide a structure for the preparatory 
stage of learning design in (Griffiths & Blat, 2007). Hernandez-Leo 
explained in (Hernández-Leo et al., 2006) the use of patterns to help 
teachers in the design of collaborative activities. As Mor and Winters 
claimed a research challenge is to communicate the potential of 
educational authoring tools to the educational communities and vice-
versa. Patterns, and Patterns Languages (PL), can bridge the gap between 
these disparate communities (Mor & Winters, 2007). As Villasclaras-
Fernández et al. (Villasclaras-Fernández, Hernández-Leo, Asensio-Pérez, 
& Dimitriadis, 2009) demonstrated patterns can be also used in 
assessment. Especially, they included patterns in an authoring tool, 
Collage, to facilitate the inclusion of assessment activities in Computer 
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Supported Collaborative Learning (CSCL) Scripts. However, although 
there are diverse examples of uses of patterns in TEL none of them is 
devoted to design advanced CBT solutions. This dissertation will 
formulate part of the expertise acquired during the research in a pattern 
format. This will be a first step to design and develop a CBT Pattern 
Language for modeling part of the CBT conceptual domain. 

In conclusion, in this thesis we present, discuss and analyse several 
evidences that shows how innovative technologies can be used to support 
CBT scenarios. It analyzes the suitability of using QTI for 
computationally representing advanced CBT designs. In this context we 
develop new tools and implement real scenarios. Moreover we propose 
new concepts and propose a CBT conceptual model for facilitating the 
sharing of information, the design and the implementation of advanced 
CBT solutions and systems extending the scope of QTI.  

 

1.2. Objectives and contributions  
According to the problematic undertaken in this dissertation, presented in 
the previous section, the global objective of this PhD thesis is: 

To propose and evaluate a conceptual framework and associated 
models for the Computing-based Testing domain to facilitate the design 
and implementation of advanced CBT scenarios and tools, extending the 
scope of IMS Question and Test Interoperability. 

This global aim is divided into a set of specific objectives. The context, 
global objective, specific objectives, the derived contributions and the 
evaluation of this dissertation are summarized and schematized in Figure 
1. The derived objectives and contributions are described as follows: 
 To model the Computing-Based Testing conceptual domain for 

facilitating the sharing of information, the design and the 
implementation of advanced CBT solutions and systems. 

To face this objective, first of all it will be necessary to review the 
existing literature in the context of study of this dissertation. This 
revision will allow us to understand the current situation and analyze 
it to detect possible limitations in the field of CBT. The literature 
review will be focused on the study of the following topics: 1) 
Education: analysis of the advantages and disadvantages of using 
objective tests in education and the role of teachers and students in the 
process of designing, creating, implementing and answering tests. 2) 
Computer Assisted Assessment approaches: several authors have 
proposed taxonomies, frameworks, models and patterns with the goal 
of organizing the conceptual domain based on the use of computers in 
assessment. As we have presented in the Introduction, these 
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approaches are focused on the use of computers to design new types 
of question-items that allow the assessment of higher-order students’ 
skills. 3) Innovative technology supporting assessment: although the 
majority of the authors focus their research on CAA, some pioneers 
approaches claim that the inclusion of ICT devices and supporting 
tools can be used to enhance and enrich assessment, allowing the 
creation of more formative and authentic assessment. Finally, 4) 
Assessment technology specifications: the analysis of existing 
assessment formats, specifications and standards enables the 
identification of common formalizations in assessment based on tests.  

The revision of the literature will be combined with the expertise 
acquired in the implementation of cases studies and experiments 
performed in the GTI (Interactive Technology Group) research group 
(GTI, 2011), the results of the TENCompetence project 
(TENCompetence, 2009b) and Learn3 project (Learn3, 2011). More 
details of the implementations and experiments done are explained in 
the following objective. Regarding this objective, the main 
contribution of this dissertation is the proposal of a conceptual 
framework and associated models for the Computing-Based Testing 
domain. This contribution has been reported in: 

Santos, P., Hernández-Leo, D., Pérez-Sanagustín, M. & Blat, J. 
(Submitted). Can we enhance the learning value of assessment? 
Framework, models and exemplary implementations for advanced 
Computing-based Testing. 

This contribution includes an analysis of the literature in this field and 
proposes new concepts to define adequately the CBT domain. The 
paper also contributes with a Framework and two models which 
propose the necessary concepts to design and computationally 
represent CBT scenarios and tools extending QTI. Finally, the 
modeling of the conceptual domain presented in the paper is validated 
through its application in three real advanced CBT scenarios. The 
expertise acquired during the execution and evaluation of the cases 
studies will enable the detection of problems and the corresponding 
solutions. This information will be formalized as proposal of 
preliminary collection of patterns. The following contribution posed 
the statement that CBT patterns are useful to model complex 
problems occurred in specific CBT contexts: 

Hernández-Leo, D.; Santos, P.; Villasclaras-Fernández, E.; 
Navarrete, T.; Asensio-Pérez, J.I.; Blat, J.; Dimitriadis, Y. (2008) 
Educational patterns as a guide to create units of learning and 
assessment. Proceedings of the 8th International Conference on 
Advanced Learning Technologies, Santander, Spain. 1055-1056. 
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In addition, the dissertation will show that CBT patterns can be useful 
for connecting different target users involved in the same CBT 
complex problem.   

Santos, P.; Hernández-Leo, D.; Navarrete, T.; Blat, J. (2011). 
Computer assisted assessment patterns for different target users: the 
case of multimedia questionnaires. In: Kohls, C; Wedekind, J.; (eds.). 
Investigations of e-learning patterns: context factors, problems and 
solutions, IGI GP; 2011. p. 220-236.   

Finally, significative experience acquired in cases studies focused to 
solve specific educational/assessment problems will be summarized 
and formalized in a pattern format, as has been done in:  

Santos, P.; Hernández-Leo, D.; Navarrete, T.; Blat, J. (in press) 
eGeoassessment pattern and case story. In Mor, Y.; Warburton, S.; 
Winters, N. (eds.). Practical design patterns for teaching and learning 
with technology. Sense Publisher, Series “Technology Enhanced 
Learning. 

Where the set of patterns, included in the paper, explain how to solve 
the problem of assessing higher-order skills in the assessment of 
geography education. 

 To create and evaluate advanced CBT implementations and 
scenarios for supporting the assessment of specific higher-order 
skills extending QTI. 

As it has been mentioned above, in order to understand the advantages 
and disadvantages of using innovative technology to support CBT it 
will be necessary to implement advanced CBT tools and evaluate 
them in real assessment scenarios. First, these implementations will 
demonstrate that the modeling of the conceptual model proposed in 
this dissertation can be computationally represented. Second, the 
results obtained in the application of these implementations in real 
assessment practices will be used to understand their benefits and the 
limitations to support assessment of transversal and specific higher-
order skills. 

Two case studies, additional experiments and a CBT scenario 
implemented by a third-party institution are evaluated. All the cases 
used the CBT Conceptual Model to validate that it is useful to design 
and implement advanced CBT scenarios and systems. First, the 
QTIMaps case shows the educational benefits of augmenting QTI 
questions with Google Maps functionalities. Second, the Discovering 
Barcelona with QuesTInSitu case shows how a test can be represented 
as a route of geolocated questions. The case evaluates the benefits of 
answering this type of tests using smartphones with GPS. Finally, the 
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Wonderland-QTI is a scenario implemented by a third-party 
institution which shows the potential of using virtual worlds for 
implementing new QTI questions and tests. The cases follow the CBT 
Model to propose their own CBT-PSMs and specific 
implementations. These implementations and experiments 
demonstrate that QTI can be extended according to the proposed 
models. The cases are complemented with additional experiments and 
scenarios. These include advanced technologies to enable the design 
and implementation of innovative tests and question-items. The 
resulted CBT activities are example of more authentic assessment 
experiences aligned with the corresponding educational curriculums.  

Navarrete, T., Santos, P., Hernández-Leo, D., & Blat, J. (2011).  
QTIMaps: A model to enable web-maps in assessment, 1-15. 
Educational Technology & Society Journal, 14 (3), 203-217 

 Santos, P., Pérez-Sanagustín, M., Hernández-Leo, D. & Blat, Josep 
(2011) QuesTInSitu: From tests to routes for assessment in situ 
activities. Computers & Education, 57 (4), 2517-2534. 

Morillo, D., Santos, P., Perez, D., Ibáñez, M.B., Delgado, C. and 
Hernández-Leo, D. (2010). Assessment in 3D Virtual Worlds: QTI in 
Wonderland. Congreso iberoamericano de informática educativa 
2010. December, 1-3, 2010, Santiago de Chile, Chile. 
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CONTRIBUTIONS 

OBJECTIVES 
 

EVALUATION 

Advanced Question-Items 
 
CASE STUDY: QTIMaps –IES DUC de 
Montblanc 

MINI CASE:  Saló del ensenyament 

+ Other exemplary scenarios 

3. Extension paths for QTI to 
support advanced CBT 

scenarios. Demonstration of its 
interoperability with other 

languages and systems 

To create and evaluate 
advanced CBT 

implementations and 
scenarios for supporting 
the assessment of higher 
order skills (extending 
the IMS QTI standard) 

Computer Assisted 

CONTEXT 

Computer Assisted Assessment 
 Conceptual Domain based on the use of 

computers for assessing 
 Traditional types of questions (e.g. Multiple 

Choice, Multiple Response) lack of 
complexity and it difficults the assessment of 
higher order skills 

Education 
 Educational curriculums have to be aligned 

with assessment objectives 
 Limitations to assess higher order skills and 

competences 
 Lack of students’ motivation  
 Teachers do not have advanced technological 

skills 

2. New ways of CBT using ICTs: 
- Implementation of advanced CBT systems 
and Platform Specific Models (QTIMaps, 

QuesTInSitu, Wonderland-QTI) 
- Implementation and evaluation of advanced 

CBT scenarios in authentic assessment 
contexts.  

Advanced Representation of Tests 
 
CASE STUDY: Discovering Barcelona  
 
MINI CASE: Discovering St. Llorenç 
 
+ Other exemplary scenarios 

Advanced question-items + 
advanced representation of 
tests 
 
Implementation and scenario by 
a third party: Wonderland-QTI 

Patterns 
 Technology enhanced 

Assessment patterns 
 Application of best practices 

to solve specific assessment 
problems 

To model the Computing-based 
Testing conceptual domain for 

facilitating the sharing of 
information, the design and the 

implementation of advanced CBT 
scenarios and systems 

1. Modelling of the Conceptual 
Domain for Computing-based 

Testing (CBT framework, CBT-
Platform Independent Models and 
patterns proposals) for facilitating 
the design and implementation of 

units of assessment 

Assessment Technology 
specifications 

 Computer-interpretable 
notations to represent question-
items and tests 

 Question & Test Interoperability 
(QTI) as the de-facto standard 

To analyze the 
suitability of IMS QTI 
for computationally 

representing advanced 
CBT scenarios 

GLOBAL OBJECTIVE: To propose and evaluate advanced assessment techniques and a conceptual domain for 
facilitating the design and implementation of Computing-based Testing scenarios and systems, computationally 

represented with IMS Question and Test Interoperability, for the assessment of higher-order skills 
 

Innovative Technology Supporting 
Assessment 

 Including Multimedia information and 
Handheld devices in assessment 

 Assessment outside the classroom 
 More situated, personal, collaborative and 

authentic assessment 

Computing-based Testing 

Innovative Technology Supporting 
Assessment 

 Including Multimedia information and 
Handheld devices in assessment 

 Assessment outside the classroom 
 More situated, personal, collaborative and 

authentic assessment 

GLOBAL OBJECTIVE: To propose and evaluate a conceptual framework and associated models for the Computing-
based Testing domain to facilitate the design and implementation of advanced CBT scenarios and tools, extending the 

scope of the IMS Question and Test Interoperability 
 

 

Figure 1. Schema of the research context, main objectives, contributions and 
accomplished evaluation 
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 To analyze the suitability of IMS QTI for computationally 
representing advanced CBT scenarios 

This third objective will be addressed in parallel to the previous 
objectives. At the beginning will be necessary to understand the use of 
QTI (IMS, 2006a) and its interoperability with other languages, 
specifications and standards, especially with the IMS Learning Design 
(IMS, 2003). The previous experience of the GTI research group 
(GTI, 2011), where this thesis has been done, and the work done in 
the TENCompetence project (TENCompetence, 2009b) will be used 
to understand the use of QTI to create question-items and tests. This 
will be used to in the first stage on the dissertation to complete the 
discussion in the state of the art. From this research two contributions 
summarized the results of using QTI tests with traditional types of 
questions (e.g. Multiple Choice, among others) in combination with 
IMS LD to support competence oriented scenarios:  

Santos, P.; Llobet, W.; Hernández-Leo, D.; Blat, J. (2009). QTI for 
self-assessment and embedded-assessment in competence oriented 
scenarios: The Agora Case. In: Proceedings of the International 
Conference on Intelligent Networking and Collaborative Systems. 
Barcelona: 2009. p. 39-45.  

Santos, P.; Carralero, M.; Hernández-Leo, D.; Blat, J. (2009). 
Complementing the Human Resource Management infrastructure of 
the Doblevia cooperative using TENCompetence. In: Proceedings of 
the Open workshop of TENCompetence – Rethinking Learning and 
Employment at a Time of Economic Uncertainty. Manchester: 2009.  

The expertise acquired will be used to tackle the main objective of 
this thesis: extending the QTI model to enable the implementation of 
advanced CBT scenarios. The aim will be extending QTI following 
the conceptual model proposed, in order to implement new types of 
question-items, tests and activities. All the contributions cited in the 
previous objective (evaluated in the application cases) present a PSM 
and a system compliant with QTI. The PSMs and corresponding 
implementations extend the standard with the objective of 
implementing advanced question-items, tests and assessment 
activities. These implementations are: 1) QTIMaps (Navarrete, 
Santos, Hernández-Leo, & Blat, 2011), a work done by the GTI 
research group which has been analysed and evaluated in real 
assessment scenarios with the objective of understating the 
educational benefits of combining QTI with multimedia information 
(web-maps) to enable the creation of enriched QTI question-items and 
to enable the assessment of more geographical authentic interactions. 
2) QuesTInSitu (P. Santos, Perez-Sanagustín, Hernández-Leo, & Blat, 
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2011), which combines QTI with geographical data to enable the 
creation of routes (tests) of geolocated QTI questions. QuesTInSitu 
has been entirely designed, implemented and evaluated during the 
elaboration of this thesis. And finally, 3) the Wonderland-QTI 
solution (Morillo et al., 2010) combines the characteristics of virtual 
worlds (Wonderland) with QTI tests and questions. This solution 
extends the standard with the objective of creating new enriched 
representations and interactions using 3D information. The 
contribution resulted has been implemented collaboratively with the 
GAST research group (GAST, 2011)  in the research context of the 
Learn3 project (Learn3, 2011). 

The results of these contributions will prove that QTI can be used and 
extended, following the proposed elements in this dissertation, with 
other languages and technologies to support advanced CBT. 

 

1.3. Research methodology 
The research of this dissertation is framed in a multidisciplinary problem 
domain. In the one hand, real educational contexts have to be involved in 
the evaluation of the contributions resulted from the thesis. On the other 
hand, it is expected that the contributions will have an impact on the TEL 
field. Then a hybrid methodology, including diverse research methods, is 
the adequate research methodology that will enable the analysis of the 
results obtained in real assessment scenarios focusing the attention on 
teachers and students’ needs. Therefore, considering the points described 
before only a hybrid research methodology (Adrion, 1993) combining 
different software engineering research methods and the social context 
(Stahl, Koschmann, & Suthers, 2006) is the most adequate for this 
dissertation. 

The methodology includes four phases (Glass, 1995): informational 
phase, which is in charge of gathering information about current 
approaches; propositional phase, where proposals to solve the problem 
domain are proposed; analytical phase, which analyses the proposed 
solution; and finally, the evaluation phase, in which the solution 
proposed is evaluated. As can be appreciated in the objectives section, this 
is an iterative methodology, where the findings of each phase contribute 
the next phase, and several iterations over the different phases will be 
done until the final contributions will be established. Moreover, the 
continuously iterative process will enable the consideration of the latest 
technological advances and contributions in the CBT field including them 
in the research of this thesis. 
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 Informational phase 

The context of study of this dissertation is framed in a 
multidisciplinary problem domain. The aim of this phase is to select 
and classify the relevant information according to the different areas 
involved in our research. The reviewing of this information will allow 
the identification of problems in these areas of knowledge, the 
formulation of research objectives and the understanding of the 
impact of our research. In order to find this information the following 
tasks will be done:  

o Revision, selection and categorization of the literature regarding 
the above mentioned research fields. 

o Participation into two research projects where part of their 
research are framed in the context of this dissertation: the 
European research project (TENCompetence, 2009b) (IST-2001-
02787) and the Spanish Ministry of Science and Innovation Learn 
3 project (Learn3, 2011) (TIN2008-05163/TSI) both projects 
carried out into the TEL research of the GTI team (GTI, 2011). 
One the one hand, the work done in TENCompetence was an 
input to analyze the benefits and limitations of QTI, and 
especially to understand the combination of this standard with 
IMS LD. One the other hand, the Learn3 project has offered the 
possibilities to analyze the use of innovative ICTs with CBT 
purposes in real assessment scenarios, extending the QTI 
standard. 

o Participating in several conferences and research events whose 
topics are framed in the context of study of this dissertation:  the 
6th TENCompetence Open Workshop: Rethinking Learning and 
Employment at a time of economic uncertainty 
(TENCompetence, 2009a), the 8th and 9th  IEEE International 
Conference on Advanced Learning Technologies (ICALT, 2011), 
the International Conference on Intelligent Networking and 
Collaborative Systems 2009 and 2010 editions (INCOS, 2010) 
and the 13th Computer Assisted Assessment conference (CAA, 
2011) where a best paper student award was obtained. Also, 
participating in a winter school in the field of TEL 
(TENCompetence, 2008), and participation in two research 
workshops (E-Learning Patterns, 2009), (TEFA, 2010) (P. Santos, 
Hernández-Leo, Pérez-Sanagustín, & Blat, 2010). The 
participation in these events provided the opportunity to contact 
with other researchers and exchange information with experts of 
this field. 
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 Propositional phase 

The purpose of this phase is to propose solutions to the identified 
research objectives using the reviewed literature, our experience in 
this field and the findings obtained from the evaluation phase. The 
actions that will be performed in this phase include: 

o The main aim of this phase is to propose a CBT conceptual model 
for facilitating assessment experts the sharing of information, the 
design and implementation of advanced CBT tools and scenarios. 
This thesis proposes that there are three dimensions to be 
considered for advancing on CBT: the Question-item, the Test 
and the Activity. A conceptual framework is presented to show 
the relation among these three dimensions. The framework assists 
in the categorization and design of advanced CBT scenarios. 
Besides, the thesis proposes two models for the technological 
design and implementation of the Test and Question-item 
dimensions. The models represent an extension of the IMS 
Question & Test Interoperability standard. These are platform-
independent models (PIM) that provide the elements that can be 
mapped to platform-specific models (PSM) for implementing 
advanced CBT tools. The CBT-PSMs specify the extended 
elements proposed in the CBT-PIMs with specific characteristics 
of a selected platform. The concepts derived from this phase will 
form the modeling of the CBT conceptual domain. 

o A set of experiments are proposed showing the importance of 
considering the three CBT dimensions and their corresponding 
elements. The implementation of these scenarios will be used to 
validate and adjust the elements of the CBT framework and the 
models.  

o The selection of QTI as a candidate to computationally represent 
the CBT implementations used in the proposed scenarios. 

o Proposing a step forward for the design of a Pattern Language to 
model CBT best practices. 

 Analytical phase 

The main tasks of this phase are to analyze and explore the proposals 
with the aim of understanding if these can have an impact in the TEL 
community. 

o Analysis of the tools and specifications used in assessment based 
on tests. This analysis is done as a result of the reviewed literature 
in the informational phase. 
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o Analysis of real assessment scenarios based on tests. The analysis 
will allow detecting limitations derived from the use of traditional 
objective tests in assessment. In this task, the analysis of 
including our proposals in real CBT scenarios is also done. The 
results from this analysis will allow re-formulating the proposals 
done in the previous phase, iteratively since validating them. 

o Analysis of the possibilities and limitations of QTI for 
computationally represent advanced CBT scenarios will be done 
in this phase.  First, the traditional use of QTI will be studied in 
real assessment scenarios developed in TENCompetence 
(TENCompetence, 2009b). This study will let to detect the 
limitations of the QTI v2.1 Information Model and propose 
extensions paths to design and implement advanced CBT 
scenarios and implementations. The resulted implementations and 
experiments wil be realized as part of the work done in the Learn3 
project (Learn3, 2011). 

 Evaluation phase 

The main aim of this phase is to evaluate the proposals and the 
analytic findings of the previous phases. The objective is to collect 
data, which will allow confirming or rejecting the proposals. A mixed 
evaluation method (Johnson, Onwuegbuzie, & Turner, 2007; 
Martinez, Dimitriadis, Rubia, Gomez, & de la Fuente, 2003; Maxwell 
& Loomis, 2003; Martínez-Monés et al., 2006), will be used to 
analyze the data resulted from experiments. The mixed method has 
been selected for doing the evaluation of the experiments due the 
characteristics of the educational scenarios, involving real teachers 
and students. This is the most suitable method because its mixed 
nature provides guidelines that facilitate the understanding of the 
experiments. On the one hand, the method indicates that qualitative 
data such as the participants’ perspective can be collected using data 
sources such as: observations, interviews and questionnaires (with 
open questions). On the other hand, the guidelines of the method also 
indicate that it is necessary to collect quantitative data such as: the 
occurrence of actions during the activity, the data logs saved in tools 
or the answers to closed questions in questionnaires. Quantitative data 
is used to detect tendencies, which are confirmed or rejected through 
the analysis of the qualitative data. A method of analysis based on 
triangulation also will be used (Gahan & Hannibal, 1998; Martinez et 
al., 2003). According with Guba (Guba, 1981), triangulation is a 
comparative analysis and review of evidences from different data 
sources. The objective of this triangulation is to organize in 
categories, based on the research objectives, ethnographic data from 
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different data-sources (e.g. questionnaires, focus groups, automatic 
data, observations, etc.).  

A case study is one of the possible software engineering validating 
models (Zelkowitz & Wallace, 1998). This is the validating model 
selected because the need of involving human subjects in the 
experiences made it difficult to use a controlled method, which 
requires multiple instances of an observation in order to provide 
statistical validity. Because of the enormous cost of replication (in our 
context, the possibilities of organizing experiences with students and 
teachers), the controlled experiments are often limited to few 
replications, which seriously increases the risk related to the validity 
of the results (Stake, 1995). In this dissertation we present two case 
studies where the CBT Framework and CBT-PIMs are used to 
implement advanced questions and tests: 

o In the QTIMaps case study, the design, implementation and use of 
advanced question-items which combines QTI with geographical 
interactions provided by Google Maps are analyzed in two real 
educational scenarios.  

o The Discovering Barcelona with QuesTInSitu case study makes 
emphasis in the Test dimension. In this case study the design, 
implementation and use of routes of geolocated questions is 
analyzed in a real educational scenario.  

Both case studies are complemented with additional experiments and 
extension of third-party scenarios used to show that the solutions 
presented can be used in diverse educational disciplines. 

Moreover, the CBT Framework and PIMs have been used by a third-
party institution to develop a system for supporting advanced questions 
and tests combining the information of a virtual world and QTI. The 
resulted system is the so-called Wonderland-QTI. This is not presented 
as a case study because this solution has still not been evaluated in a real 
educational scenario. However, the third-party institution has applied 
the PIM, create their own CBT-PSM and the corresponding 
implementation. 

 

1.4. Structure of the dissertation 
The rest of the dissertation is structured as follows: 

- Chapter Two is devoted to explain the research field and problem 
domain of this dissertation. The research field of this PhD thesis has 
been introduced in Figure 1, in the Context section. Chapter Two 
presents the main concepts of the Computer Assisted Assessment field 
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and the limitations of current activities based on tests. The analysis 
leads us to propose a new approach: the Computing-Based Testing 
(CBT), which is focused on analysing and proposing the necessary 
elements to design and implement advanced assessment activities 
based on test making use of diverse technologies. Existing concepts, 
frameworks and models are discussed in this chapter in order to detect 
limitations and propose solutions for modeling the CBT domain. 
Following this discussion, the chapter presents the most important 
specifications for implementing tests. Specifically the PhD thesis 
focuses its attention on the Question and Test Interoperability (QTI), 
de-facto standard for assessment. QTI will be used, analysed and 
extended in the proposals and implementations of this dissertation. 
Finally, the chapter explains the use of patterns in assessment as a form 
of modeling CBT best practices.  

- Chapter Three considers the limitations and problem domain analyzed 
in Chapter Two and proposes the contributions for modeling the CBT 
domain. First, the chapter identifies the target users involved in the 
process of designing, creating and implementing CBT scenarios. This 
identification helps to understand the roles, the tasks and problems of 
these users. In this sense, this chapter presents the so-called CBT 
Framework which has been proposed to facilitate the design of 
advanced CBT scenarios. The Framework captures the elements that 
practitioners and technicians have to consider to represent the three 
dimensions of a CBT scenario: the Question-item, the Test and the 
Assessment Activity. The chapter also proposes two models, the 
CBT-PIMs, for computationally representing the question-item and 
test dimensions. These models extend the QTI information model 
with new elements that enable the creation of more complex 
representations of questions and tests. Finally, three CBT patterns are 
proposed to illustrate on the one hand the connection between patterns 
for different CBT target users, and on the other hand the usefulness of 
patterns to model complex problems occurred in the CBT field. 

- Chapter Four undertakes the evaluation of the experiments and 
implementations carried out following the proposals presented in 
Chapter Three. Two case studies, additional experiments and a CBT 
scenario implemented by a third-party institution are analyzed. The 
application cases follow the CBT Framework and CBT-PIMs to 
propose their own CBT-PSMs and corresponding systems. All the 
resulted implementations are extensions of the QTI standard as the 
CBT-PIMs denote. Then the resulted systems are evaluated in real 
education scenarios with students and teachers to understand the 
educational benefits of the CBT scenarios implemented. The chapter 
is divided in three points: 1) the first case analyse the educational 
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benefits of implementing advanced question-items following the CBT 
conceptual model proposed. 2) The second case studies the elements 
related with the Test dimension and their benefits in assessment. 
Finally, 3) the third application case shows the results obtained by a 
third party-institution after following the CBT Framework and PIMs. 
This case shows how advanced representations of questions and tests 
can be combined in the same CBT scenario. The results obtained in 
each experiment were used to re-adjust the elements of the CBT 
Framework and PIMs obtaining the final version of them which are 
presented in Chapter Three. 

- Chapter Five discusses the main conclusions and summarizes the 
main contributions of this dissertation. From the discussion, the main 
future research work is pointed out. 

- Appendix A contains extended information of the QTI standard in 
order to facilitate the understanding of the main characteristics that 
define it. 

- Appendix B clarifies the pattern format followed in this dissertation 
and includes the complete version of the collection of patterns and 
case story presented in Chapter Three. 

- And finally, Appendix C collects support data employed in the case 
studies presented in Chapter Four and the resulted extended QTI 
questions implemented in the QTIMaps case. 
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CHAPTER TWO 

 

COMPUTING BASED TESTING 
 

The aim of this chapter is to present the problem domain of this dissertation and 
the research field that motivates the PhD thesis. The main concepts of the 
Computer Assisted Assessment (CAA) research field are presented in order to 
understand the basis and premises of this research. CAA is the field who studies 
the use of computers to support diverse methods of assessment in education. A 
specific research line of this field, the Computer-Based Testing research, is 
focused on the use of computers to implement tests as instrument to assess 
students’ skills. The chapter presents the most important and current approaches 
of this research line. The concept Computing-Based Testing (CBT) is proposed as 
the evolution of the Computer-Based Testing field. This term is defined and 
discussed. This dissertation focuses its attention on analysing the limitations of 
current approaches and how the inclusion of innovative ICT devices and 
supporting tools can enhance the CBT domain. For this reason, it is necessary to 
understand the existing concepts, frameworks and models which form the CBT 
conceptual domain. Moreover, this chapter presents the most important 
specifications for computationally representing tests. It explains that QTI is “de-
facto” standard, positioning it as the best candidate on top of which advanced 
CBT approaches can be built. Finally, the chapter presents and discusses the 
benefits of using patterns in TEL for supporting the creation of learning designs. 
More concretely, the use of patterns in assessment is presented in order to 
understand how the results obtained in the dissertation can be a good option for 
modeling specific problems in CBT.  

 

2.1. Introduction 
The use of ICTs enables system implementers and practitioners to rethink 
learning, teaching and assessment strategies. Particularly, in assessment 
computers have been used to automate the evaluation of students’ 
responses and to provide the corresponding feedback. Especially, one of 
the CAA instrument most used is the so-called objective test. Bull et al. 
defined objective tests such as: “the test which requires a user to choose 
an answer or provide a response to a question whose correct answer is 
predetermined” (Bull & McKenna, 2004). Traditional types of question-
items require: 1) selecting a choice (e.g., Multiple Choice) an object or 
position, or 2) supplying data (e.g., text or numerical expressions). 
However, as Bennet indicated in (1993) these types of simple traditional 
questions makes difficult the assessment of higher-order skills. The term 
“higher-order skills” is used to delineate cognitive activities that are 
beyond the stage of understanding and lower levels of application (Bloom 
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& Krathwohl, 1956). Then, a test based upon such traditional questions 
does not represent the curriculum adequately. Generally, as Bennet 
indicated, the problem of traditional type of question-items is their lack of 
complexity (Mayotte, 2010). This dissertation adopts the definition of 
items’ complexity proposed by (Luecht & Clauser, 1998): “item 
complexity is the result from features of stimulus, the nature of the 
responses elicited, and from the range of permitted examinee actions or 
activities”. The problem occurred with traditional types of questions is 
that they are not sufficiently complex to express advanced ideas and this 
is a limitation for assessing the goals of current educational curriculums. 
As a consequence, one of the major concerns in CAA is to propose new 
types of question-items to assess higher-order skills (Bennett, 1998; 
Ridgway & McCusker, 2003).  

However, this dissertation claims that the use of ICTs enables the design 
of new assessment solutions, allowing the creation of more complex 
scenarios based on tests. Creating advanced assessment scenarios should 
involve the use of technology to perform activities which would be 
impossible or very expensive to reproduce using traditional methods of 
assessment. ICTs offer the possibility of using simulations, managing 
(Bull et al., 2002) a big quantity of updated and richer information, 
increasing the interaction with the information and making the student 
more participative in the assessment process (Conole & Warburton, 
2005). Bennett indicated, in (1999) that the addition of multimedia 
resources in the creation of questions helps the teacher to assess more 
tasks. Recently, Boyle & Hutchison (2009) stated that the more 
technological resources you use, the higher skills and more sophisticated 
tasks can be evaluated. The JISC report “Effective assessment in digital 
age” (JISC, 2010) claimed that technology has to be used to create 
authentic assessment. This “authentic” means that students should be able 
to demonstrate and practice their skills like in real life tasks. Then, as 
these authors claim, the use of technological resources allows the 
creation of more complex question-items. As a consequence, the 
assessment activities that can be created will be more aligned with the 
current learning objectives of the educational curriculums. For instance, 
Ridgway & McCusker (2003) presented different examples of graphical 
enriched questions where dynamic displays are used on the one hand to 
improve provision of feedback (showing changes in several variables at 
the same time), and on the other hand to enable students to interact more 
dynamically with questions’ information. The authors claimed that the 
properties of simulations, microworlds and interactive games make them 
suitable for assessing skills such as problem solving, exploration, 
discovering rules, among others. Other authors, such as (Elliott, 2008; 
Pellegrino, Chudowsky, & Glaser, 2001; J. Thompson, 2006) identified 
the benefits of using web 2.0 services in assessment. They proposed that 
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inherent characteristics of web 2.0 tools (e.g., authenticity, 
personalization, collaboration, tool supported, etc.) can be used to design 
new types of assessment. Elliot claimed that the inclusion of new media 
gives the opportunity of performing assessment in new environments (e.g. 
virtual worlds). 

However, there are very few skill-oriented approaches related with 
including multimedia information in question-items, and are mostly 
closed in terms of technologies used and possibilities offered to teachers 
to customize the designs according to the curriculums’ educational needs 
(Ridgway & McCusker, 2003). In addition, the majority of the proposals 
are focused on the use of computers for creating new interactions for 
question-items. This dissertation agrees on that using computers to 
represent the content and the type of a question-item is essential for 
advancing in this field, but on the one hand it is also important to 
consider the characteristics of the appearance of the test itself. And on the 
other hand, it is necessary to take into account the educational elements 
and the technology which can be used to foster the development of 
student’s skills during the assessment activity. 

TEL researchers are studying the benefits of using others technological 
solutions in education. Some of them analyze the use of diverse devices 
(not only computers) to support learning in different spaces (beyond the 
classroom) in order to create enriched learning experiences (Hwang & 
Chang, 2011; Oblinger, 2006; Sharples et al., 2002). Recently, some 
assessment researchers explore the possibilities of using mobile devices 
for testing students (de-Marcos et al., 2010; Susono & Shimomura, 2006; 
Triantafillou et al., 2008; Zhang et al., 2010). These mobile-test (m-test) 
approaches benefit from the advantage of assessing students everywhere, 
however they do not consider the physical space as a learning 
environment that can affect the way of answering the test and that can 
produce new assessment scenarios. This dissertation claims that having 
into consideration the intrinsic characteristics of a device (for instance a 
mobile phone) opens up the possibility of designing different types of 
assessment activities based on tests. The intrinsic characteristics of a 
device have an influence in how students interact with a test and on the 
users’ information that will be collected. Using the correct technology 
increases the possibilities of creating new types of questions, tests and 
assessment activities based on tests more adapted to real life tasks. As a 
consequence, the frustration that many teachers have when they design a 
test can be avoided because they have the possibility of creating more 
authentic assessment. 

Another limitation of advanced test approaches is that they do not use any 
educational technology specification or standard. Standards should play 
an important role in CAA because they: (1) provide a data model to 
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computationally represent questions, items and results, and (2) enable 
content re-use across different learning environments. IMS Question and 
Test Interoperability (QTI) (IMS, 2006a) is the de-facto standard and 
interoperates with other IMS specifications such as IMS Learning Design 
(IMS, 2003). QTI supports questions involving graphical interactions, 
such as hot spot or select point, among others. Moreover, QTI supports 
the definition of new types of question-items adapted to specific 
educational goals. Consequently, a valid solution to the integration of 
multimedia in assessment test activities can be based on the QTI standard. 

This dissertation proposes that for advancing in CAA, on the one hand it 
is necessary to use ICTs to create new types of questions but it is also 
important to use the technology to implement advanced approaches of 
tests and assessment activities. On the other hand, it is necessary to take 
into account the educational elements and the technology which can be 
used to foster the development of student’s skills during the assessment 
activity. Finally, in order to make possible the exchange of assessment 
solutions and concepts the use of educational and assessment 
technological specifications facilitates the sharing of information and the 
conceptual and computationally representation of advanced question-
items, tests and assessment activities.  

This thesis proposes to change the term “Computer” by “Computing” 
when referring to Computing Based Testing (CBT). This dissertation 
defines CBT as the research field focused on studying the use of ICT 
devices and supporting tools to implement assessment activities based on 
the use of objective tests to assess students’ skills.  

In order to know the elements that assessment system developers have to 
consider it is necessary to extend the CBT conceptual domain. The current 
QTI Information Model (IMS, 2006b) is limited and does not consider 
elements to represent advanced assessment scenarios (Joosten et al., 
2007). As Joosten also claims, assessment system developers need to 
share the same assessment conceptual domain to understand what 
elements can be re-used or ex-changed. This extension of the CBT 
domain will enable the analysis, the design and implementation of 
advanced CBT scenarios. The main aim of this dissertation is to model the 
CBT conceptual domain including the Question-Item, the Test and the 
Activity as the three dimensions to be considered for conceiving advanced 
CBT solutions. The limitation is that current assessment formats only 
consider the test as a container of questions and as a mechanism for 
having an interrelation of questions to give a final result report. However, 
elements such as the appearance and interaction, which are important 
aspects considered in the creation of questions, are rarely considered when 
designing a test. We address this matter by proposing elements concerning 
the design of a question, a test and an assessment activity that can be 
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useful for helping students to better comprehend and contextualize the 
collection of questions or for increasing the complexity / richness of a test. 
In this chapter, previous concepts, taxonomies, frameworks and models 
are reviewed in order to understand how the CBT conceptual domain can 
be extended with new concepts. The use of Design patterns is also 
studied, because patterns capture the information of a common problem 
occurred in a specific context and provide a solution to solve it 
(Alexander, Ishikawa, & Silverstein, 1977). As the Practical Patterns 
Project (PracticalPatternsBook project, 2011) defines Design Patterns are: 
“reusable elements of design from distinct cases, so that they can be 
immediately applied in new situations. A design pattern captures a 
recurring problem, the context in which it occurs, and a possible method 
of solution. They are derived from experience and backed by theory, 
abstracted one step away from the concrete yet still applicable to real-life 
situations.” As Chapter One introduces, one of the main objectives of this 
dissertation is to create and evaluate advanced CBT implementations and 
scenarios for supporting the assessment of higher-order skills. As a step 
forward to facilitate the re-use of the knowledge acquired, we will capture 
part of the solutions found during this research in a pattern format. These 
patterns will be, on the one hand a method for modeling part of the CBT 
domain and on the other hand, a first step for the creation of a CBT 
Pattern Language (PL). 

 

2.2. From Computer Based Testing to Computing Based 
Testing 

This dissertation adopts many definitions and concepts of the CAA 
research field. These are described and presented in the following sections 
to facilitate the comprehension of the approaches and contributions 
proposed. CAA includes different methods of assessment which are 
supported and enhanced with computers. Especially, computers are used 
in assessment to support the creation and execution of objective tests as 
instruments to assess students’ responses automatically. This research line 
is called Computer Based Testing (Mills, Potenza, Fremer, & Ward, 
2002). However, as previous section explains, in the recent years diverse 
ICT devices and supporting tools have been used in TEL to support new 
ways of learning/assessment. The inclusion of these technologies enables 
the design and implementation of new assessment activities and tools 
which allows the enhancement of assessment based on test and the 
evolution of the term “Computer” by “Computing”. Our scope in this PhD 
thesis focuses on the application of ICT in assessment to create innovative 
question-items, tests and assessment activities in order to enhance the 
assessment of students’ skills. 
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2.2.1. Computer Assisted Assessment and Computer 
Based Testing 

Joosten et al. defines “assessment” in (Joosten et al., 2007) as: “all the 
systematic methods that can be used to gather information and evidence 
about student properties, based on a process, a product or the progress of 
a student, for the purposes of certification, placement or diagnoses in 
formative and summative contexts. This definition includes classical tests, 
examinations and questionnaires, as well as newer types of assessment, 
such as performance assessment, portfolio assessment and peer 
assessment.” In the field of TEL, CAA is based on the use of computers 
for assessing the students’ learning (Bull & McKenna, 2004; Conole & 
Warburton, 2005). CAA implementations are considered effective 
solutions because the potential of this type of technologies for: managing 
large quantity of information, representing graphical report results, 
providing multimedia interactions, marking the students’ answers, 
providing feedback, designing tests, having a bank of items and creating 
new types of questions and tests. CAA researchers focus their research on 
analyzing the needs, problems and good practices that teachers and 
students have when using tests in education and how computers can solve 
these problems and limitations. Specifically there is a research line, the 
so-called Computer Based Testing (Mills et al., 2002), which studies the 
use of objective tests in different types of learning environments and 
situations (e.g. face to face (f2f), blended learning, in distance education 
situations and in formal or informal learning scenarios). The use of 
objective tests technologically meditated to assess students’ skills is the 
focus of study of this dissertation. 

As we have introduced, one of the main problems for teachers using 
traditional methods of assessment is to create questions adapted to the 
learning objectives of the educational curriculums. Unfortunately, the 
majority of the test authoring tools do a direct translation of Paper and 
Pencil (P&P) tests into automated tests using traditional types of questions 
such as Multiple Choice or Yes/No (Bugbee, 1996). These approaches are 
missing the potential of ICTs (Conole & Warburton, 2005). 

The main research line in CBT is focused on proposing new types of 
question-items and interactions (Mills et al., 2002). New forms of 
answering questions are needed in order to capture more information from 
the students and understanding their behaviour (Cizek, 1997). The 
creation of diverse types of interactive question-items implies to 
understand the student learning experience, the teachers’ needs, the 
purposes of an educational curriculum and analyze the most adequate 
technological devices and multimedia information.  
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Another important research line in CAA is to provide mechanisms for 
promoting formative and authentic assessment. The goal of this type of 
assessment is to enable the practice of real life tasks and provide feedback 
to support students in the learning process. Besides, increasing the 
learners’ responsibility showing what they are currently able to achieve 
and what they might able to achieve (Leahy, Lyon, Thompson, & Wiliam, 
2005). The provision of feedback is very important to promote formative 
assessment and support the autonomy of the student. Automatic tests are 
not useful only for students, CAA tools provide functionalities that help 
teachers to overview the progress of their students or mechanisms to adapt 
the learning flows taking into account the students’ results (Gumara, 
Vicent, & Segarra, 2008). 

In conclusion, the current research lines in CAA try to find new models of 
assessment (offering interactions which are impossible to perform using 
P&P methods) and propose mechanisms to favour the creation of 
formative assessment. However, according with the approaches of some 
pioneers authors such as (de-Marcos et al., 2010; Dearnley et al., 2009; 
Hwang & Chang, 2011), nowadays apart from computers other ICT 
devices and supporting tools can be used in assessment. The inclusion of 
these devices enables the implementation of new assessment scenarios 
based on the use of tests. This is the main motivation of this dissertation to 
propose new approaches and concepts to evolve from a Computer-Based 
Testing to a Computing-Based Testing domain. 

 

2.2.2. Computing Based Testing 
As (Bull & McKenna, 2004) show in their blueprint for CAA, the use of 
objective tests in education is probably more widespread than most people 
realise. As we have indicated in the previous section, until recently 
computers have been the unique devices used to play objective tests. Most 
of researchers in this field have concentrated their efforts in creating 
innovative question-items or using complex computational solutions (such 
as video games) to represent tests. They claim that the creation of new 
types of questions can improve the measuring of students’ skills. As 
researchers has been studied, computers can be used to assess higher-
order skills that are impossible or very difficult to assess using traditional 
methods (Boyle & Hutchison, 2009; Parshall, Davey, & & Pashley, 2010; 
Ridgway & McCusker, 2003).  

This dissertation agrees with these researchers that the use of computers is 
beneficial for assessment and allow teachers to create new types of 
questions and tests on the assessment of higher-order skills. However, we 
also discuss that traditional types of questions (such as Multiple Choice, 
Multiple Response or Yes and No) can still be used to create enriched and 
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innovative activities for assessing complex skills. These new test-
activities may not advance in terms of types of questions but they can 
innovate in terms of technology. For instance, the use of mobile 
technologies with educational purposes has been identified as beneficial 
for encouraging the development of meta-level thinking skills (Facer et 
al., 2004; Wegerif, 2002; Elliott, 2008) claimed that it is necessary to 
explore new ways of modernising assessment in order to be closer to 
today’s learners. He proposed that the solution is to use Web 2.0 
assessment tools, because its use can enhance students’ engagement. This 
dissertation also states that it is necessary to advance in assessment in 
order to create adequate solutions for the current digital natives’ students. 
But apart from computers (and Web 2.0), other technologies, such as 
mobile phones or PDAs, are also close to students and are having a 
growing impact in the field of assessment based on tests (Dearnley et al., 
2009).  

Considering the points discussed before, we claim that nowadays the term 
Computer-Based Testing (CBT) does not capture all the technological 
possibilities of representing objective tests. For this reason, this 
dissertation proposes to use the term: Computing-Based Testing (CBT). 
The word computing covers the different ways of technologically 
representing and manipulating a test. See Figure 2. 

 

Figure 2. Relations between the assessment research contexts in TEL studied in 
this dissertation 

Figure 2 shows graphically the context of this research domain. The 
dissertation focuses the attention on proposing approaches to advance in 
the implementations of question-items, tests and assessment activities. In 
this PhD thesis when we used the term “advanced” CBT scenarios and 
system, CBT means going beyond including multimedia to create new 
types of question-items. The implementations consider the inclusion of 
multimedia and 3D information for the creation of new types of questions, 
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the use of diverse devices (computers and handheld devices) and the 
performance of tests in other learning environments (beyond the 
classroom) computationally represented following and assessment 
technology specification and adapted to current educational curriculums.  

 
2.2.3. Understanding the CBT Conceptual Domain 
Several ways of capturing the elements related with assessment based on 
test have been proposed. In this section we review and discuss the need of 
extending the CBT conceptual domain, reviewing other authors’ proposals 
in relation with the three dimensions tackled in this dissertation: the 
Question-Item, the Test and the Assessment Activity. 

- The Question-Item dimension: 

Koch (1993) organized the Question-Item dimension considering their 
grade of innovation: 1) Traditional items, 2) Items with graphics, 3) 
Multidimensional tasks and 4) Situated tasks (tasks with real-world 
congruence). The difference between these categories is their grade of 
technological complexity. Parshall, Davey, & Pashley (2002) proposed 
five dimensions to represent innovative questions-items: 1) Item format, 
2) Response action, 3) Media inclusion, 4) Level of interactivity and 5) 
Scoring algorithm. The dimensions can be considered as a set or 
separately. As Bennet (1998) identified, in order to propose advanced 
question-items an author has to make a “re-conceptualization”, this means 
that they have to think about: how to use technology to represent the 
question, how users can interact with questions and how the answers can 
be scored. Zenisky & Sireci (2002) explained that one of the most critical 
elements that assessment system developers have to think about is the 
format of the response of a question. They state that the more complex the 
way of answering a question is, the more complex the representation of 
the question is.  

From these proposals we can extract that the use of technology affects 
in different aspects to question-items making them more complex. First, a 
question is more complex if it uses more technological resources for its 
visual representation. And second, as more complex is the interaction that 
a user has to perform for answering a question-item, more technological 
resources are used to represent and compute it. 

The following example is used to clarify this statement. Imagine a 
question about Geography which asks about finding the city of Paris in a 
map. This question can be represented (1) using a static image of the 
European continent with a text asking about finding Paris. Or (2) using an 
interactive web-map with the zoom, drag and satellite appearance 
functionalities activated, and the same text asking about Paris. In the first 
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example, the student only has the possibility of doing a point over a 
position. The tasks that the student can do with the image are to observe 
and draw over it. In the second case, the student has the possibility of 
doing zoom in order to give a more concrete position. Also s/he can drag 
the map to contextualize it in the correct zone. In addition, the satellite 
appearance offers the possibility of giving more details about the location, 
in this case Paris, adding new layers of 3D information. As we can see in 
the second case, where the representation of the question is more 
complex, also the way of answering the question increases its complexity. 

- The Test dimension: 

The visual and interaction aspects of the Test dimension are hardly 
considered in the literature. To understand better this problem we use as 
example three well-known authoring test tools selected by the ICOPER 
project (ICOPER, 2011): 1) Hot Potatoes (HotPotatoes, 2011), 2) Moodle 
quizzes (Moodle, 2010) and 3) the ReCourse editor (which integrates a 
section for editing QTI tests) (ReCourse, 2009). These tools enable the 
management of the parameters of a test to organize questions but none of 
them have options for using media and changing the visual aspects of a 
test. The test that results from these editors is a group of questions 
organized in a table with a simple layout where questions are organized 
one bellow the other. One of the tools, the ReCourse editor, is compliant 
with the de-facto standard for assessment, QTI. Concretely, ReCourse 
uses the QTI version 2.1. As cited before, this version defines an 
Information Model (IMS, 2006b) which contains the classes and elements 
necessary for processing and rendering “items” (question-items) and tests. 
Part of the QTI Information Model is the content model that contains an 
element called “itemBody”. The itemBody contains the information (text, 
graphics, media objects, and interactions) that describes the content of a 
question-item and its structure. The body of the question-item is 
represented using style sheet information, or using the default style rules 
of the specific authoring tool. In the QTI v2.1 Information Model the test 
object is composed by the following elements: 1) The navigation and 
submission mode. The first one defines the paths that users can follow in 
order to answer the questions. The second determines when the response 
of a question is processed. 2) The test structure defines the organization of 
testParts, sections and questions. 3) The time limits establish the duration 
that users have for answering a question or a section of a test. 4) The 
outcome processing is the element that is in charge of computing the 
results obtained in a question or group of questions. Finally, 5) the test 
feedback is the group of outcome variables that can be shown to the user 
in order to know their final report result. As we can see, none of the 
elements consider the visual and interaction aspects of a Test.  
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We propose that an Interaction Context element could be included to 
increase the complexity of tests, its visual representation and the way 
students can interact with the information, as well as providing a more 
concrete context where question-items can be located.  

The following two examples can help to understand better the importance 
of the InteractionContext element: 1) In a Biology subject a teacher is 
preparing a test that contains questions which ask about human anatomy. 
The questions have relation with specific parts of the human body. Then, 
instead of presenting the test (group of questions) in a blank style sheet, 
technology can be used to show the questions over a 3D graphical 
representation of the human body (e.g. see (Google, 2011b)). In this case, 
the context (the 3D human body) can help students to better reflect about 
the questions and at the same time to learn anatomy meanwhile they 
respond and explore. The teacher can locate the questions over the 
different organs of the graphical body. In the second example, 2) a teacher 
of History wants to prepare a test about the Hellenistic period. This period 
had important events during different years. The teacher is interested in 
asking about some specific events, but also s/he wants the students to 
understand the evolution of the historical facts during this period. This can 
be solved using technology to represent the test with an interactive time-
line (see an example of time-line in (SIMILE, 2003) where the events in 
the time-line are questions. The time-line can be useful for the teacher to 
organize the questions, and for the students to understand the evolution of 
the Hellenistic period.  

These examples aim to show that in some situations changing the way of 
representing a Test (and how to locate questions in a context) and 
increasing the interaction between students and the test, can be useful to 
provide information that students can use to answer and to understand 
better the relations between the questions and the test.  

- The Assessment Activity dimension: 

Finally, in order to decide the better way of representing questions and 
tests, it is important to have in mind the Assessment Activity dimension. 
Bloom & Krathwohl (1956) defined a taxonomy for modeling the 
cognitive domain. This taxonomy was reviewed by Anderson & 
Krathwohl (2001) and is known as the revised Bloom’s Taxonomy. The 
taxonomy organizes skills into six different levels. The Bloom’s 
Taxonomy can be used to know the type of skills that teachers can assess 
regarding a specific learning objective. Level 1: Knowledge; Level 2: 
Comprehension; Level 3: Application; Level 4: Analysis; Level 5: 
Synthesis; and Level 6: Evaluation. The higher a level is, the most 
sophisticated is the task that the user has to do in order to answer the 
question. This means that the participation and implication of the student 
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interacting with the information contained in a test or/and in question-
items would be higher. As (Bull & McKenna, 2004; McBeath, 1992) 
stated it is assumed that a test can be only used to assess the three or four 
first levels of the Bloom’s taxonomy, however they indicated that 
depending on the design of the questions and the test, the six levels can be 
assessed. Biggs (1999) stated that the educational curriculum, the 
teaching, the learning and the assessment activities have to be aligned. In 
the same direction, Joosten et al. (2007) proposed a model for new and 
traditional assessment types. Although the model goes beyond assessment 
based on test, some of the issues that they identified are useful for 
discussion. For instance, they claimed that assessment has to be integrated 
with learning and instruction because assessment addresses complex traits 
of students. Joosten explained that when an assessment activity is 
designed, it is necessary to think about the traits that have to be assessed, 
this information is saved in the Assessment Plan. This plan is used to 
construct the Assessment Scenario (which determines the mandatory and 
optional Units of assessment for a user, their sequence and the time 
schedule). In Joosten’s model a Unit of assessment is formed by Items 
interpreted in a broader sense (an Item can be a question, an exam, a 
delivery of an essay...).  

We agree that the learning aspects of an assessment activity have to be 
considered for designing it correctly, but we state that it is also important 
1) to reflect about which the most adequate technology is, and as well 2) 
to identify the learning environment where the test has to be answered.  

The ideas presented by the ICOPER Project can be used to answer the 
first point. The aim of the project is to identify best practices for the 
adoption of specifications and standards across Europe. One of their 
works is devoted to course evaluation. The project proposes an assessment 
concept map for TEL, which is part of the ICOPER Reference Model 
(IRM) (ICOPER, 2009). This conceptual map indicates that an assessment 
activity has to use assessment methods, resources and tools. By 
assessment tools they referred to authoring tools or engines for 
assessment. But we propose that this element has to integrate also 
technological devices and ICT supporting tools. Depending on the device 
selected it is possible to design one CBT scenario or another. In other 
words, it is not the same to use mobile phones with GPS for answering 
geolocated questions during a route, than answering a test with a 
computer in classroom. This issue is addressed by the studies made by the 
(FREMA, 2007) reference model for the assessment domain and by (Wills 
et al., 2009). FREMA indicates that the delivery context is an important 
aspect that has to be included in our assessment scenario design. They 
distinguish between a digital environment (e.g., an assessment 
management system) or a physical environment (e.g., a classroom, a 
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museum, among others.). We propose that the characteristics of a learning 
environment have to be considered when designing advanced CBT 
scenarios.  

For example, when answering a test in a museum students need to collect 
information from the pictures. Depending on the learning environment the 
students can put in practice one type of skills or other. As the FutureLab 
report of mobile technologies and learning claimed: “Learning will move 
more and more outside of the classroom and into the learner’s 
environments, both real and virtual, thus becoming more situated, 
personal, collaborative and lifelong. The challenge will be to discover 
how to use mobile technologies to transform learning into a seamless part 
of daily life to the point where it is not recognised as learning at all 
(Naismith, Lonsdale, Vavoula, & Sharples, 2004).” According to this 
idea, we identify three possible types of learning environments: 1) 
Distance when the assessment activity does not depend of any real space 
and the users can interact with the test wherever they wanted. 2) Face to 
Face, when the students have to be located in the same space. And 3), In 
situ when the questions which conforms the test of the assessment activity 
are related with a location, and students need to have context awareness. 
This last category can be divided in two sub-categories: 3.a) in virtual situ 
or 3.b) in real situ. As (Herbert, 2010; Liu & Hwang, 2010) stated, 
embedded technologies and augmented realities enable to explore and use 
physical and virtual spaces such as learning environments where the user 
has to have context-awareness to do correctly the activity. 

 In this thesis we propose that it is necessary to distinguish between 
virtual or real spaces, when designing an assessment activity. This 
distinction helps to select the adequate technology and take profit of its 
characteristics to assess the student’s skills correctly. 

 

2.3. Educational Technology Specifications for 
Assessment 

Educational technology specifications for assessment deal with providing 
formalizations to computationally represent assessment methods and 
resources. The main aim of assessment specifications is to facilitate the 
creation, sharing and transfer of assessment data (mainly questions, tests 
and report-results). Currently, many specifications (proprietary and non-
proprietary) are widely used in the CAA field (ICOPER, 2009). 
Especially, the IMS (Instructional Management Systems) Global Learning 
Consortium (IMS, 2011b) is one of the major bodies developing non-
proprietary specifications for TEL. Most of the major vendors of Virtual 
Learning Environments (VLE) and Learning Management Systems 
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(LMS) work with IMS specifications compliance. The IMS QTI is not yet 
an officially international standard, however it is considered as de-facto 
standard and has been adopted by many CAA vendors to develop 
compliant systems (Bull & McKenna, 2004; ICOPER, 2009). 
Nevertheless, as Sclater et al. indicated in (Sclater & Cross, 2003) only 
the simplest QTI question types are ease achievable in CAA systems. 

This dissertation aims to analyze the suitability of IMS QTI for 
computationally representing advanced CBT scenarios. But also, other 
approaches are analyzed to understand the advantages and disadvantages 
of QTI. The suitability of QTI means, on the one hand to be able of 
extending QTI with new elements in order to enable the creation of more 
complex question-items, tests and assessment activities. And, on the other 
hand, to use the standard with diverse technologies in order to implement 
advanced QTI use cases. 

 

2.3.1. IMS Question and Test Interoperability 
The IMS Global Consortium, an industry and academic consortium, has 
produced the QTI specification (IMS, 2006a; IMS, 2006b). This is an 
educational technology specification focused on the assessment process 
based on the use of tests. QTI is considered de-facto standard for 
representing and constructing question-items and tests (Harchay et al., 
2010). For this reason, this dissertation uses the term “standard” when 
referring to QTI.  

The latest QTI versions are the 2.0 and the 2.1. QTI 2.0 focuses on the 
representation of individual questions categorized by their types of 
interaction, and contains a set of graphic interactions to deal with images. 
QTI 2.1 extends QTI 2.0 by considering the aggregation of questions in 
tests organized in sections, and defines sophisticated ways of producing 
outcomes reports for the whole test. QTI v2.1 defines a data model to 
represent assessment scenarios with a group of elements. The main 
elements are: the questions (assessmentItem), the types of interactions 
(simple, text-based, graphical and miscellaneous interactions), the tests 
(assessmentTest) and their corresponding report results (scores and 
outcome variables). QTI enables the exchange of these elements between 
tools compliant with the standard. The interoperability of this standard 
enables the communication with other specifications such as IMS 
Learning Design (IMS LD) (IMS, 2003; IMS, 2008) or IMS Content 
Package (IMS, 2004) and other languages or services. The QTI data 
model is defined in abstract terms, but an XML binding is also provided. 
The corresponding XMLs represent the information associated with the 
Unit of Assessment (UoA). A UoA is the set of files which 
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computationally represent the question-items, the test and the reports 
results variables.  

A QTI compliant editor (used by a teacher) will turn the test and questions 
into a set of XML files containing all their information. Examples of QTI 
editors are: (QAed, 2003; ReCourse, 2009). Similarly, the students’ 
interactions and answers using a QTI compliant player can be assessed 
automatically and feedback can be provided. A QTI engine is the software 
component managing the QTI data model, processing the XML files and 
generating the outcomes according to the user actions. As an example we 
mention two open source QTI compliant engines: 1) The APIS QTI 2.0 
engine (APIS, 2004), which is a modular item-rendering engine 
addressing the operations required by potential tools as defined in the 
Open Knowledge Initiative (OKI) and IMS Web Services; And 2), the 
R2Q2 (Rendering and Response processing services for QTI v2 
Questions) (R2Q2, 2006; Wills et al., 2008), an implementation built from 
scratch, aimed at providing a complete renderer and response processing 
engine. Both implementations are limited to the QTI 2.0 (thus only able to 
process individual items) and cover only some of the question types 
defined in the data model. In previous work, the GTI research group (GTI, 
2011) extended the QTI items types beyond those covered by APIS and 
built QTI 2.1 compliancy, resulting in the so-called newAPIS engine 
(Blat, Navarrete, Mognieh, & Batlle, 2007). NewAPIS functionalities 
include dealing with test context beyond just questions, a wide range of 
new elements at the test level, and more complex response processing. 
The NewAPIS engine has been used in all the implementations done in 
this dissertation. 

In the first stage of this dissertation, we explored the QTI integrated use 
with IMS LD. The use of this standard allowed us to understand its 
benefits and limitations. In the TENCompetence project 
(TENCompetence, 2009b), the combination of QTI and IMS LD was 
studied with the aim of implementing self-assessment and embedded-
assessment in competence oriented scenarios. This combination was 
analysed in two real educational scenarios, on the one hand the Agora 
case (P. Santos, Llobet, Hernández-Leo, & Blat, 2009) and on the other 
hand the Doblevia cooperative case (P. Santos, Carralero, Hernández-Leo, 
& Blat, 2009). In both cases, a set of Units of Learning (UoL) compliant 
with the IMS LD were developed and as a resources it contains QTI tests. 
The UoL was edited with a compliant editor (in this case ReCourse 
(ReCourse, 2009)) and students could visualize and interact with the UoLs 
using a Player. NewAPIS was integrated in the TENCompetence LD 
toolkit (CCRT 3.3, 2009). It is a package which contains the necessary 
tools to publish, visualize and interact with a UoL. When a UoL is 
published, the Coppercore IMS LD engine (Coppercore, 2008) interprets 
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all the QTI information related to LD activities. When a UoL has a QTI 
activity test then newAPIS interprets all the information, maintaining a 
communication with the Coppercore engine (see Figure 3). 
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Figure 3. Edition and enactment of a UoL with QTI 
 
In both cases traditional types of QTI questions (e.g., Multiple Choice, 
Multiple Response) were used. Students accessed to the tests using a 
computer, and the test was represented by a blank web page with 
questions appearing one below the other (see Figure 4). The main 
advantage of these cases, and other studies done in the framework of the 
TENCompetence project, was to demonstrate that QTI can be successfully 
combined with IMS LD. The integration of QTI variables through IMS 
LD properties enables the exchange of information between both 
specifications (IMS, 2005). Then for example, the score obtained in a QTI 
test can be used to control the next IMS LD activity that would have to 
appear. 

However, the limitations of these questions and tests were: on the one 
hand that this type of questions was only used to assess students’ 
knowledge because of their simplicity. On the other hand, and according 
with the first limitation, QTI does not consider complex representations of 
questions and tests. It means that tests and questions seem a direct 
transcription of Paper & Pencil tests. As a consequence, the questions did 
not have enough complexity (its representation and interaction 
possibilities) to assess higher-order skills. For this reason a challenge of 
this dissertation was to take advantage of the interoperability possibilities 
of QTI, and combine the standard with other specifications, languages 
and systems in order to support the assessment of higher-order skills. 
First of all we analyzed the necessary elements that have to be extended in 
order to enable advanced types of question-items and tests. Then, we 
combine QTI with other services in order to demonstrate that QTI could 
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be extended to support these advanced CBT activities. The related 
contributions, which demonstrate the advantages of this extension, are 
presented in the following chapters. 

 

Figure 4. Example of a QTI test used in the Doblevia case  
 

Extended information about the existing QTI versions, assessment 
process, interactions and compliant QTI tools, has been included in 
Appendix A. 

 

2.3.2. Other approaches 
The European research project ICOPER (ICOPER, 2011) provides an 
updated analysis of existing specifications and standards for assessment 
and their usage in Europe. This dissertation used this analysis to explain 
other assessment formats, apart from the above mentioned QTI, which 
have been refused as candidates to be used in this dissertation. The 
approaches have been selected because they have been designed 
especially to support test based assessment tasks. According with 
Gutierrez et al. (Gutiérrez, Delgado-Kloos, & Crespo, 2010) the key 
features that assessment formats have to support are: 1) Response and 
outcomes processing: the formats have to facilitate the process of 
validating the students’ response in order to provide a result; 2) Metadata: 
the format has to enable the storing of the questions, tests and results data; 
3) Hybrid questions: possibility of combining simple questions to create a 
new ones; 4) Correct response: functionalities to define correct responses; 
and finally, 5) Multiple responses: possibility to define more than one 



Computing Based Testing 

36 
 

option such as correct response. The approaches selected (QTI, 
Hotpotatoes, Moodle, Blackboard and OpenMark) support these key 
features. From these approaches, QTI has been especially analyzed 
previously, Hotpotatoes and Moodle are briefly described and 
summarized as follows because these are considered the most important 
non-commercial assessment formats with QTI, the others are briefly 
considered in this section.  

- Hotpotatoes: Hotpotatoes (HotPotatoes, 2011) is a set of six 
applications developed to create interactive multiple choice, short-
answer, jumbled-sentence, crossword, matching/ordering and gap-fill 
questions (exercises). The software is composed by: 1) JCloze, 2) 
JCross, 3) JMatch, 4) JMix, 5) JQuiz and 6) the Masher. The first five 
tools allow the user to create and edit the different types of questions, 
feedbacks and scores, and to group them in a test (quiz) format. All 
the questions are designed considering textual interactions. The sixth 
tool, the Masher, enables the compilation of the Hotpotatoes files into 
one UoA. The resulted files are codified in a XML format which can 
be codified in HTML using the Hotpotatoes tools. 

- Moodle XML format: The course management system (CMS) 
Moodle (Dougiamas & Taylor, 2003) defines its own XML format, 
developed by the Moodle community, for tests (or “quizzes” which is 
the term used by Moodle) (Moodle, 2011). Using the Moodle format 
it is possible to import and export questions in their CMS. This format 
considers the test as a container of questions and as a mechanism for 
having an interrelation of questions to give a final report result. 
Basically, the types of questions supported by this format can be 
organized in three categories: 1) choice interactions, 2) text 
submission or 3) numerical expressions submission. However, the 
format is able to accept new types of categories. The Moodle 
community clarifies that the Moodle format has been especially 
designed to be used in the Moodle system, but they also indicate that 
the format could be used in other software platforms. However, 
currently they are not potential evidences of the use of the Moodle 
quizzes in order LMS.  

Other assessment formats such as Blackboard (Blackboard, 2011) and 
OpenMark (OpenMark, 2011) are commercial and closed source. These 
limitations makes impossible to extend these formats and adapt them to 
particular assessment needs. In the case of Blackboard and Moodle, both 
assessment formats are associated to two of the most important and used 
LMS. Hotpotatoes is the free-ware assessment format most used in real 
educational scenarios, and OpenMark is the format most used. Finally, 
QTI is used at least as frequently as Moodle or Blackboard formats but its 
usage acceptance is low than other assessment ad-hoc formats. None of 
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these formats, apart from QTI, are considered a standard (or de-facto 
standard) by assessment experts. Moreover, only QTI has been designed 
to support interoperability with other educational specifications (Gutiérrez 
et al., 2010; ICOPER, 2009). 

 

2.3.3. IMS QTI as a candidate to computationally 
represent CBT scenarios 

In this section we listed the main advantages of QTI and the reasons why 
this standard has been selected as the best candidate to implement part of 
the contributions of this dissertation. 

QTI includes four categories of questions, involving: 1) simple 
interactions (e.g., choice, order, selection); 2) text submission (e.g., inline 
choice, text entry, hot text); 3) graphical interactions (e.g., such as hot 
spot or select point) and 4) miscellaneous interactions (e.g., slider, media, 
draw, etc). More detailed information of the types of QTI interactions can 
be found in Appendix A, section A.6.1. Although QTI does not address 
interactions dealing with specific multimedia information, its data model 
supports the definition of new types of items adapted to specific 
educational goals. Consequently, a valid solution to the integration of 
specific interactive media in assessment scenarios can be based on the 
QTI standard. QTI has been designed to support both interoperability and 
innovation through the provision of well-defined extension points. These 
extension points can be used to wrap specialized or proprietary data in 
ways that allows it to be used alongside items that can be represented 
directly (Gonzalez-Barbone & Llamas-Nistal, 2007). This characteristic 
makes possible to combine QTI with other specifications, languages and 
services in order to create new models of CBT (such as the 
implementations proposed in this dissertation (Morillo et al., 2010; 
Navarrete et al., 2011; P. Santos et al., 2011).  

When we selected QTI to computationally represent our assessment 
approaches, the v2.1 was the last updated version at that moment. As 
section 2.3.1 explains, and Appendix A.1 extends, QTI v2.1 is the unique 
version which enables interoperability properties with other specifications 
(such as IMS LD). And the research context of this dissertation deals with 
studying the use of tests, question-items (and other assessment elements 
such as the result-reports) in advanced CBT scenarios.   

The IMS consortium in 2009 started a study to analyse the real use of QTI 
v2.1 in existing research and institutions. The aim of the study was to 
decide whether to continue with the development of QTI v2.1 or to stop it 
and come back to the QTI v1.x.  Although QTI v1.x was the first version 
conceived to support QTI questions and tests (but it does not include all 
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the current interaction possibilities and it is not interoperable with other 
IMS specifications) QTI v1.x is used by a high number of institutions. 
However, after realising the study, IMS decided to re-factor the QTI v2.1 
improving code generation, due to the increasing acceptance of use of the 
version 2.1 (follow the discussion in (IMS, 2011a) ).  

Another aspect to consider is that QTI has been included in Common 
Cartridge (CC) (Common Cartridge, 2011) has included QTI v1.2.1 as 
candidate to represent the assessment option of this collection of 
educational standards. CC is a standard seeking to support upcoming 
learning technology. The aim of CC is to emphasize the interaction with 
external applications and services (Gonzalez-Barbone & Anido-Rifon, 
2010). The inclusion of QTI in CC and the aim of using this set of 
standards to facilitate the interoperability with external applications and 
services demonstrate that QTI is a good candidate to represent advanced 
CBT scenarios.  

Till now, the QTI version included in CC is 1.2, but the task of evolving 
IMS QTI v2.1 could mean that this latest version could be adopted by CC 
in the future.  

In conclusion QTI has been selected as the best candidate to 
computationally represent CBT scenarios because: 1) it is considered the 
de-facto standard in assessment, 2) its interoperability, and 3) its data 
model prospect of extension.  

 

2.4. Design of Educational Patterns 
A pattern is designed to capture best practices in a specific domain. 
Considering that our global objective is to model the CBT conceptual 
domain, the pattern format offers the structure for capturing the 
information of CBT good practices. A pattern is organized information 
that explains and provides a solution to a common contextualized 
problem. “The solutions do not describe a particular final design; they 
are general principles or templates that can be used in different 
situations” (Hernández-Leo et al., 2006). A pattern can be re-used to 
solve the same type of problem. Also different patterns can be combined 
in the same situation. Christopher Alexander was an architect and the 
inventor of a Pattern Language (PL) applied to architecture, his concept of 
pattern is the concept in which this dissertation is interested. This 
Alexander’s sentence helps to understand better the importance of 
patterns: “Each pattern describes a problem that occurs over and over 
again in our environment and then describes the core of the solution to 
that problem in such a way that you can use this solution a million times 
over without ever doing in the same way twice” (Alexander et al., 1977). 
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This PhD thesis proposes that when a type of assessment, question, test or 
technique is identified as a good practice (because it has been evaluated) 
and it solves a specific problem in assessment, it can be captured in a 
pattern. Patterns offer the possibility of modeling specific complex 
problems occurred in particular CBT contexts. In the future, after 
evaluating the patterns, a CBT PL could be proposed to guide teachers, 
and other target users, in the creation of CBT scenarios and systems. 

 

2.4.1. Application of patterns in different areas of 
knowledge  

Alexander proposed 253 patterns in the architecture domain. This author 
proposed different types of patterns, all related with architecture. For 
instance, he proposed patterns for designing independent regions, areas of 
cities, buildings and rooms. He connected these patterns considering 
common relations and transformed his collection of patterns into a PL. 
These Alexander’s sentence help us to understand better the importance of 
patterns: “A pattern language gives each person who uses it, the power to 
create an infinite variety of new and unique buildings, just as his ordinary 
language gives him the power to create an infinite variety of sentences” 
(Alexander, 1979). 

In Alexander (1979), he used the term “Generative Patterns” to refer to 
these patterns who describe a phenomenon, but also how to generate the 
entity which it defines.  He described this type of patterns such as the 
most useful patterns. 

On the other hand, Erich Gamma is the main author of the software 
engineering book “Design Patterns: Elements of Reusable Object-
Oriented Software” (Gamma, Helm, Johnson, & Vlissides, 1995). This 
book includes patterns to solve common problems in software design. 
Gamma structures their book in different chapters taking into account the 
characteristics of the patterns. This structure is: 

- Creational patterns: These are patterns which explain how to do a 
class-creation or object-creation. Examples of these patterns proposed 
by Gamma are: Abstract Factory, Factory method, Builder, Prototype 
and Singleton. 

- Structural patterns: These patterns provide solutions to compose 
interfaces and objects to obtain new functionalities. Examples of these 
patterns proposed by Gamma are: Adapter, Bridge, Composite, 
Decorator, Facade, Flyweight and Proxy. 
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- Behavioural patterns: These patterns provide solutions to 
communicate objects. Examples of these patterns proposed by 
Gamma are: Chain of responsibility, Interpreter, Strategy, Visitor, etc. 

A pattern rarely stands alone for this reason a structured collection of 
patterns is needed and it is called a Pattern Language (PL). The patterns of 
a same language have to be organized using the same format (Rising, 
1998). This dissertation follows the “Alexandrian” format which it is 
structured as Appendix B, Section B.1 details. The structure proposed by 
Alexander and the classification proposed by Gamma, will be followed to 
design patterns with CBT purposes. As we have seen different PLs are 
designed to different communities (e.g., architecture, software design). 
Then, patterns are created to be useful to specific target users. However, 
as we explain in the next section in a multidisciplinary field, such as the 
CBT, different users are involved in the same complex problems. Then a 
network of patterns between these users can be proposed in order to solve 
their specific problems, to improve the communication between them and 
to solve the common complex problem. 

 

2.4.2. Educational technology patterns: using patterns in 
assessment 

Pedagogical patterns try to capture expert knowledge of the practice of 
teaching and learning. The integration of this information in a selection of 
patterns provides to educators an easy access to the expert knowledge of 
different pedagogical areas and a way to transfer knowledge within the 
community. In teaching, educators have to live a lot of different situations 
and contexts. In a course, teachers have to provide different ways to 
transfer their knowledge to the students. For this reason, pedagogical 
patterns are useful because these can become a guide of solutions which 
can be applied to different educational scenarios (Pedagogical Patterns, 
2001). Similar approaches introduce technology in education to improve 
the student’ skills: the TELL project (TELL, 2002) is one of the examples; 
another example is the e-LEN guide (e-LEN, 2005) which aims to identify 
best practices in education designing a collection of patterns. 

Collage is an example of a specific authoring tool which uses pedagogical 
patterns, specifically, Collaborative Learning Flow Patterns (CLFPs).  
Educators can use them as a helping template in the process of 
construction of their particular Collaborating TEL scenarios. Collage 
captures the good practices designed by the educators and generates some 
scripts described using the formal specification IMS LD (Hernández-Leo, 
2007). Villasclaras et al. in (2009) described the integration of assessment 
in the pattern-based process design of Collage. These authors offer the 
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possibility of using Collage to embed assessment patterns in a 
Collaborative Learning activity flow. The set of patterns used by 
Villasclaras-Fernández et al. solve different assessment problems, but not 
specifically in CBT. However, some of their patterns solve problems 
associated to the use of objective tests. The included patterns help 
teachers to collect evidences after students have done an activity, or help 
assessment designers to configure a wide range of assessment forms. The 
authors proposed a pattern language specialized in the design of 
assessment embedded in CSCL scripts, which is completed by a design 
process that guides designers in the application of patterns 

Two recent projects propose patterns for solving assessment problems in 
TEL. These projects are: the Practical Patterns Project 
(PracticalPatternsBook project, 2011) and the e-Learning Patterns (E-
Learning Patterns, 2009). The majority of the approaches are centered on 
presenting solutions to support assessment methods (self-assessment, 
peer-assessment, summative or formative) or strategies (such as provision 
of feedback or group formation). Even so, two authors indicate the 
importance of including multimedia to enhance assessment based on tests. 
For instance, Mellar et al. claim that representing the feedback of 
questions graphically improves the learning experience as well as socio-
emotive feedback (Mellar et al., in press). Kortenkamp and Blessing 
present a pattern which explains how the inclusion of video can enhance a 
question because students need to make tasks related with the video in 
order to answer correctly the questions (Kortenkamp & Blessing, 2010). 

As we have discussed in sections 2.2 and 2.3 there is a need of proposing 
new ways of using technology to create advanced representations of tests, 
questions and CBT activities. However, only some isolated patterns 
propose the inclusion of advanced multimedia for the creation of more 
complex questions or feedback. In addition the patterns proposed are still 
focused on the use of computers, and there are not examples of using 
other technologies in assessment. In this PhD thesis, first of all, we 
propose that there is a need of modeling the CBT conceptual domain. The 
proposed models will enable to capture the necessary elements for using 
technology to represent advanced types of test and questions. Patterns can 
be used by CBT users to solve their problems with solutions that have 
been previously evaluated with positive results. Moreover, the connection 
of CBT Patterns could improve the communication between different 
target users involved in the design and implementation of similar CBT 
contexts.  
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2.4.3. Discussion: a step forward for the design of a CBT 
Pattern Language 

In the previous section we have discussed the necessity of providing new 
opportunities in CBT. Patterns can be proposed and designed to capture 
best practices of the CBT domain. Alexander (Alexander et al., 1977) 
proposes the concept of a pattern language (PL). According with 
(Appleton, 2000) a PL is like an “ecosystem” where patterns are related. 
This ecosystem relates similar or complementary patterns which can be 
useful to solve problems of a specific community (e.g., educators, 
software developers). However, in this dissertation we propose to add 
some nuances to the metaphor of the ecosystem. In an ecosystem the 
members of the same specie interact with their own members following a 
kind of rules (in the same way a PL normally is created for a specific type 
of community users, for instance software engineering patterns are for 
technicians). But like in an ecosystem a member of a particular specie can 
interact with a member of other different one and its action has a 
consequence. Then a pattern of a PL can depend on other pattern which 
forms part of a different PL (see Figure 5). The solution or problem of a 
pattern has consequences in other one. 

 

Figure 5. Pattern Languages relations like in an ecosystem 
 
As we have mentioned before, the CBT domain is a multidisciplinary 
field where different target users from different communities are involved. 
We propose that patterns focused to solve the problems of a specific 
community have to be connected with related patterns of other 
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communities. We propose that this connection of patterns enables to 
model a complex problem of a specific CBT context and can enhance the 
communication between the different members involved. As an example, 
in Figure 6 we make a zoom of the previous figure (see Figure 5), where 
we can observe an example of a specific CBT scenario. This specific case 
will be explained in detail in the QTIMaps application case presented in 
Chapter 3 Section 3.5.1. For each pattern, the users involved and their 
contexts are different: a teacher, and specification expert designer and an 
assessment developer. These patterns correspond to different PLs because 
their target users are from different communities and they use different 
abstractions and concepts for understanding and communicating solutions 
(Appleton, 2000). A PL is a collection of solutions which are necessary to 
solve a complex problem. Each pattern can be used independently but also 
the network of connections can be used to solve a complex problem. As a 
consequence these relations create a network of related PLs. This network 
can be treated as a complex PL that enables the connection of different 
communities. As proposed by (Mor & Winters, 2007) “A major research 
challenge is to communicate the potential of tools developed in 
technology-oriented research to the pedagogy and epistemology research 
communities, and vice-versa. Design patterns have the potential to bridge 
between these disparate research and practice communities, and allow 
each one to enjoy the fruits of other’s efforts”.  

 

Figure 6. Network of connections among patterns from different target users 
 
The network of patterns presented in this dissertation, is proposed to 
exemplify how the connections between patterns (from different PLs) are 
useful to illustrate and model the different perspectives of an advanced 
CBT scenario. 
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2.5.  Conclusion 
This chapter discusses how current CBT seems to offer two different 
general approaches. On the one hand, automated provision and marking of 
traditional tests which can be computationally represented through 
assessment formats or standards such as QTI. But, these tests have limited 
learning value, and allow assessing simple skills. On the other hand, there 
are specific innovations which go beyond using computers and other 
devices for assessing more sophisticated skills associated with meaningful 
learning. However, these pioneer solutions are difficult to re-use and re-
produce. 

The common aspect in both approaches is that these solutions and 
proposals are focused on treating question-items as the main assessment 
element of CBT. This chapter discusses the importance of the Question-
item dimension, but also the importance of the Test and the Assessment 
Activity in the creation of advanced CBT scenarios. This set conforms 
what we call: the three dimensions of CBT. The chapter proposes to 
extend the CBT conceptual domain focusing the research on the elements 
of the three dimensions and their relation with: the learning objectives, the 
technology employed and the learning environment of a CBT scenario. 

The study of existing assessment specifications and standards makes 
possible to identify QTI as the best candidate to computationally represent 
the CBT scenarios and implementations done in this PhD thesis. One of 
the advantages of using QTI is that it is considered the de-facto standard 
for CBT by the experts. This recognition promotes the use of QTI in real 
assessment cases, experiments and researches. Moreover, QTI provides an 
information model (IMS, 2006b) which provides the common elements 
used in CBT. However, as we have discussed, the elements contained in 
this information model have to be extended in order to support advanced 
CBT scenarios. QTI has been designed to be interoperable with other 
specifications and in addition its information model and XML binding 
facilitates the extension of the standard in order to include new elements. 
For these reasons, QTI is used in the contributions of this dissertation, on 
the one hand, to propose a CBT Conceptual Model (proposing extensions 
paths for QTI) and, on the other hand, to represent computationally part of 
the implementations realised. 

Finally, in order to provide instruments to model CBT best practices and 
improve the communication between the members of this 
multidisciplinary research field, patterns are presented as a good option.  
The proposals of patterns in this dissertation allow us to enrich the 
proposal of CBT Conceptual Model with the aim of facilitating the 
sharing of CBT knowledge between the members of different 
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communities. A network of connections between PLs is proposed as a 
solution to provide mechanisms to solve complex CBT problems where 
different target users are involved. 

In this chapter we have presented a revision, selection and categorization 
of the literature regarding the main areas of this dissertation (evolution 
from CAA to CBT, models in CAA, assessment specifications and design 
patterns). The study of this information let us to understand the 
problematic of this field and then detect limitations and propose solutions. 
The main limitation encountered, which is the global objective of this 
dissertation, is that the CBT conceptual domain lacks models to facilitate 
the design, creation and implementation of advanced CBT scenarios and 
systems. Our proposal to model the CBT is presented in the next chapter. 
In Chapter Three the main contribution of this dissertation, the CBT 
Conceptual Model, is proposed following the propositional phase of the 
research methodology followed in this dissertation. 
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CHAPTER THREE 
 

MODELING THE CBT DOMAIN  
 

The main aim of this chapter is to extend and model the CBT conceptual domain 
to support the design, creation and implementation of advanced CBT scenarios 
and systems. First of all, the users involved in the creation of tests and questions 
are indentified and schematized. This schema aims at providing a global view of 
the target users and the tasks done in a CBT scenario. As a second contribution, 
the chapter presents a conceptual framework that defines and relates the three 
dimensions to be considered for advancing CBT: the Question-item, the Test and 
the Activity. The objective of the framework is to assist in the categorization and 
design of advanced CBT scenarios. In addition, two models for the technological 
design and implementation of the Test and Question-item dimensions are 
proposed. The models represent an extension of QTI. They are platform-
independent models (PIM) that combine existing elements of QTI with new 
extended ones in order to provide the abstract information which has to be 
considered for computationally representing advanced CBT scenarios. The 
elements of the CBT-PIMs have to be mapped to platform-specific models (PSM) 
for implementing advanced CBT solutions when specific platforms are selected 
to develop a particular CBT system. Three connected CBT patterns are presented 
as illustrative example to show that patterns are useful for modeling complex 
problems occurred in specific CBT contexts. Each pattern solves a problem of a 
specific community (e.g., teachers, specification designers and assessment 
developers), but these are interrelated.  

This chapter presents the theoretical contributions which address these objectives. 
The main contributions have been published in (P. Santos, Hernández-Leo, 
Navarrete, & Blat, 2011a; P. Santos, Hernández-Leo, Navarrete, & Blat, 2011b) 
and submitted in (P. Santos, Hernández-Leo, Perez-Sanagustin, & Blat, 
submitted). 

 

3.1  Introduction 
The previous chapter has presented the Computer-Based Testing domain, 
and how it is missing the potential of current ICTs. Considering this 
limitation, the term Computing Based Testing (CBT) is proposed. 
However, in order to know the elements that assessment system 
developers and other target users involved in this field have to consider, it 
is necessary to extend the CBT conceptual domain. The current QTI 
Information Model (IMS, 2006b) is limited and does not consider 
elements to represent advanced CBT solutions (Joosten et al., 2007). As 
Joosten also claims, assessment system developers need to share the same 
assessment conceptual domain to understand what elements can be re-
used or ex-changed.  



Modelling the CBT domain 
 

48 
 

The analytical review done in Chapter Two, Section 2.2.4 has led us to 
propose a comprehensive approach that integrates the Question-item, Test 
and Assessment Activity dimensions, so that new extended test-based 
assessment approaches can be devised. The approach proposed includes a 
conceptual framework and two models for advanced CBT. On the one 
hand, the framework is proposed to understand the CBT conceptual 
domain, and the relations between the elements of this domain. The 
elements contained in the framework can be used to categorize existing 
CBT scenarios and also to devise new ones. On the other hand, two 
models for the Test and Question-Item dimensions are proposed to 
provide the information model elements that can be considered in the 
implementation of these dimensions. To approach the implementation of 
the Test and Question-Item dimensions we adopt the main concepts of the 
Model Driven Architecture, which propose to formulate platform-
independent models (PIMs) illustrating a set of elements for representing 
a system without any platform dependency. PIMs have to be translated to 
platform-specific models (PSMs) using concrete technologies and 
programming languages systems (Kleppe, Warmer, & Bast, 2003), so that 
they can be implemented in actual systems. A PSM is the model of a 
system that follows the PIM specifications and specifies the 
characteristics of a platform selected. The so-called CBT-PIMs, of this 
dissertation, extend QTI with new elements independent of a specific 
implementation case. This means, that the extended elements are not 
depended of any specific platform. The CBT-PIMs are designed to guide 
assessment designers and developers in the creation of Platform Specific 
Models (PSMs). The resulted CBT-PSMs will be modelled to support a 
specific application case and to implement a particular advanced 
assessment tool (extending the scope of QTI). The next sections present in 
detail these contributions: the framework and the associated models. 
Besides, first and before extending the CBT conceptual domain, it is 
necessary to understand the target users involved and the tasks done 
during the creation of a CBT scenario. As Section 2.4.3 discussed, a 
network of connected patterns for the different target users of the CBT 
domain can be use to model complex problems occurred in specific CBT 
contexts. Moreover, the connection of patterns enables the connection 
between the different communities (educators, developers, etc.) involved 
in the design, creation and implementation of CBT scenarios and systems. 
In addition, the identification of the target users will help us to understand 
their roles, tasks and needs. Then, the first step is to provide a global view 
of the stages, context, problems and users involved in the process of 
creating advanced CBT scenarios. This is proposed in the following 
section.  

After considering, on the one hand, the reviewed literature in Chapter 
Two, and on the other hand, the process of designing, creating and 
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implementing a CBT scenario, this chapter deals with proposing 
contributions to address the main limitations of the CBT domain: 

- Current approaches focus their attention on proposing new types of 
Question-items. But, we detected the necessity of enhancing some 
aspects associated to the Test and the Assessment Activity. Then we 
propose that the Question-Item, the Test and the Assessment Activity 
have to be the three main dimensions of the CBT domain. 

- There exist few examples showing on the one hand, how to include 
diverse ICTs (services and devices) to implement advanced CBT 
scenarios, and on the other hand how to use QTI in these scenarios.  

- Different target users are involved in a CBT scenario. These users 
need to share the same conceptual domain in order to share the same 
language and bridge the gap between them. To model the CBT 
domain can help these users to improve their communication and 
solve their problems. 

This dissertation aims to solve these limitations proposing a CBT 
Conceptual Model. The main contributions associated to this CBT 
conceptual model are presented in the following sections of this chapter.  

 

3.2  Global view of the CBT target users 
To model the process of designing, creating and implementing CBT 
scenarios and systems, we applied concepts from software engineering 
and interface design. One of the terms used is “User Actor” (Constantine, 
2005). “Actor” is an original concept used in software engineering, 
especially in the Unified Modeling Language (UML) (Fowler & Scott, 
1997). The term user actor is used to represent anything which interacts 
with a system. User actors can play different roles depending on their 
tasks. To identify the user actors, first it is necessary to observe the 
different stages (see circles in Figure 7) needed to design, create and 
implement a CBT scenario compliant with an assessment specification. 

Figure 7 shows from left to right: the user actors involved in this process, 
the roles that the user actors have to play depending on their tasks, a 
description of the tasks, and the results of each task. A result can be 
created by a user or it can be an interaction with a system (e.g. an 
authoring tool created by a developer or an interaction over a question 
done by the student). The process is schematized, and the stages and roles 
are described below the figure. 
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Figure 7. User actors, roles, tasks, CBT results and stages 
 

1. Assessment material preparation: In this stage teachers have to 
think about which students’ skills they need to assess, and to design 
the CBT scenario according to the educational curriculum (see Figure 
7, circle 1).  

2. Specification extension: Teachers in step 1 (see Figure 7, circle 1) 
detect that they need to assess some specific students’ skills. As a 
consequence, the specification expert designer is in charge of 
analyzing an assessment specification. When the specification does 
not have the interactions to assess adequately the selected skills, then 
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new types of question-items and test have to be created. The designer 
has to extend the specification and provide an Information Model 
defining the new changes (see Figure 7, circle 2). The resulted model 
has to represent the integration between the assessment specification 
and a specific language which gives support to the new extensions. 

3. Assessment tool implementation: The creation of CBT tools (e.g., 
authoring tools, players, engines), which provide services and 
functionalities to manage the assessment specification, is a task 
performed by the developer (see Figure 7, circle 3). These tools have 
to be designed to support the design, creation and execution of 
specific CBT scenarios. The developer has to follow the models 
created by the specification expert designer.  

4. Creation of the Unit of Assessment:  two user actors, depending of 
their technical knowledge, can design the UoA (see Figure 7, circle 
4): the specification expert designer or the teacher. In this stage, the 
designed test and questions are transformed to a UoA compliant with 
the assessment specification.  

5. Playing the Unit of Assessment: When the UoA is ready-to-run, it is 
possible to publish, play and execute it (see Figure 7, circle 5). The 
user actors involved are: the teacher and the student. Teachers have to 
be able of monitoring the interactions of students. On the other hand, 
students have to visualize and interact with the test and question-items 
in order to demonstrate their skills. 

6. Visualization and representation of the results: An engine 
computes the students’ results (answers/interactions). Statistics can be 
provided to help the teacher in the monitoring of their students (see 
Figure 7, circle 6). 

The identification of the roles involved in the process of designing, 
creating, and implementing CBT scenarios and systems allows the 
understanding of the context of study of this dissertation. The “User - 
Role” modeling method offers overview information about the tasks of 
the CBT target users (Constantine, 2005). A role is an abstract person, 
who has a set of necessities, interests, expectations, behaviors and 
responsibilities which constitute a relation between the role and the 
system (Jacobson, 1991). One user or a group can play the same role and 
one user can play one or more roles. As follows, we explain the 
characteristics of these roles, their relation with the user actors and with 
the process stages: 

 Conceptual assessment designer: The task of this role is to identify 
the students’ skills that are necessary to be assessed. Teachers are the 
user actors who play this role. They need new question-items to assess 
the objectives included in the curriculums. The work of the 
conceptual assessment designer is also to think and facilitate the 
assessment materials of the CBT scenario. Furthermore, they are the 
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responsible persons of monitoring the results of the students when 
they perform the CBT activity. 

 Specification professional: When a specific need of assessment is 
identified by a teacher, specification professionals are who have to 
analyze the assessment specifications and extend the specification if it 
does not cover the desired assessment objective. As a result a CBT-
PSM has to be created. The role can be played by two different user 
actors depending on their technical knowledge. These users are: 
developers and specification expert designers. 

 Implementer: Implementers have to know how to manage and how 
to implement a technical architecture compliant with the CBT-PSM 
and the assessment specification. They have to identify the 
requirements, analyze the technical aspects and implement technically 
the interactions (UNFOLD, 2006). Developers are the user actors who 
play this role.  

 Assessment Designer: This role has to understand the assessment 
material prepared by the teacher and transform it in an UoA (using an 
assessment specification). To create their designs they need to use: 
authoring tools, editors and platforms compliant with the specification 
(UNFOLD, 2006). This role can be played by two different user 
actors depending on their technical knowledge. These users are: 
specification expert designers and teachers. However, one problem is 
that teachers do not typically have advanced technical skills and 
knowledge about assessment standards or specifications. The second 
problem is that they lack guidance that helps them to find appropriate 
educational tools that can potentially solve their educational problems 
or requirements (Griffiths & Blat, 2007). Teachers normally need 
persons as specification expert designers or high-level tools that guide 
them in the design of UoAs (Hernández-Leo et al., 2008). 

 Evaluator of results: Is the role in charge of monitoring the students’ 
results and take decisions that can affect to the flow of activities of the 
UoA. The teacher is the user who plays this role. 

 Student: the student is who has to interact with the test and question-
items and solve them in order to demonstrate their skills and obtaining 
the associated feedback. 

As this section identifies, specification expert designers are in charge of 
designing models to guide assessment developers in the implementation 
of specific CBT systems. However, a limitation encountered analyzing 
this process is that designers need to indentify the common aspects and 
elements of advanced CBT scenarios and systems. This information can 
be captured modeling the CBT conceptual domain. As Chapter Two 
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identifies, the CBT domain lacks models to represent advanced CBT 
scenarios and systems. In the following sections, we present the 
methodology followed in this dissertation to model the CBT conceptual 
domain. A CBT Framework and two CBT-PIMs for the Test and 
Question-item dimension are proposed. These models are proposed to 
guide assessment designers in the creation of specific CBT-PSMs. 

 

3.3 Methodology applied for modeling the CBT 
Conceptual Domain 

In Chapter One, the research methodology applied in this dissertation has 
been described. The phases involved in the Chapter Three are: the 
informational and the propositional phase. In Chapter Two we have 
reviewed the most important approaches that define the existing CBT 
conceptual domain. First, the use of objective tests in CAA has been 
presented. Then, the inclusion of ICTs to support assessment based on test 
to assess higher-order skills has been detected as a necessity of this 
domain. This inclusion requires evolving from the Computer-Based 
Testing domain to the Computing-Based Testing (CBT) domain. We have 
identified some limitations in the literature to represent the current 
possibilities of the CBT domain. Part of the approaches have been 
selected and classified according to the three proposed dimensions that 
this dissertation considers that forms the CBT domain: the Question-item, 
the Test and the Assessment activity. For each dimension some limitations 
have been detected, and some proposals of new terms and elements to 
support the CBT conceptual domain have been introduced. The 
conclusions extracted after reviewing the literature, and the participation 
in the GTI multidisciplinary research team (GTI, 2011) and the research 
projects TENCompetence (TENCompetence, 2009b) and Learn3 (Learn3, 
2011) have been considered in the tasks of the propositional phase.  

In this chapter, we propose an extension of the existing CBT conceptual 
domain. A conceptual model for understanding and defining how to 
design, create and implement advanced CBT scenarios and systems is 
proposed. First of all, as this chapter introduces, we have used the 
literature reviewed and our experience in this research field to identify the 
target users, tasks and results involved in the design, creation and 
implementation of a CBT scenario and corresponding system. This global 
view, which is schematized in Figure 7, aims to facilitate the 
understanding of the context of study. As a second step, a framework 
which is focused on capturing the relation between the three dimensions 
(the question-item, the test and the assessment activity) is proposed as a 
mechanism to facilitate the design of advanced CBT scenarios. 
Considering the information contained in the CBT framework proposed, 
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two PIMs are proposed. One approach which models the Question-item 
dimension and other which models the Test dimension. Both models 
extend the QTI Information Model (IMS, 2006b) and capture the 
necessary abstract information that have to be considered to represent 
computationally each dimension. The CBT-PIMs have to be used by 
specification expert designers or developers to guide them in the design of 
platform-specific models (PSM). Moreover, a set of patterns for different 
CBT target users are proposed. On the one hand, a set of exemplary 
patterns are proposed with the aim of showing that the CBT conceptual 
domain can be modelled with a CBT PL. On the other hand, these 
approaches of patterns capture specific solutions carried out during the 
development of the QTIMaps case study (see Chapter Four) presented in 
this dissertation. The patterns have been designed to support each CBT 
user involved in the tasks of designing, creating and implementing a 
QTIMaps scenario. This collection of patterns shows how complex 
problems of specific CBT contexts can be modelled.  

Even so, the proposals presented in this chapter have been realized in 
several iterations. The conceptual model has been refined after 
considering the results obtained in the implementation of real CBT 
scenarios and systems during the analytical and evaluation phase. Some of 
the terms and elements of the CBT conceptual model are a result from the 
analysis of the reviewed literature. And others, from the analysis done 
after the evaluation of real case studies realised during this dissertation. 
Several CBT experiments and extensions of third-party scenarios have 
been conducted in the frame of the TENCompetence (TENCompetence, 
2009b) and Learn3 (Learn3, 2011) projects. In these experiments, we 
evaluated CBT systems which implement part of the proposals contained 
in the CBT conceptual model proposed. The experiments have been 
grouped and analyzed following the case study method (Stake, 1995) 
according to specific research questions. The experiments and third-party 
extensions are presented, described in detail and analyzed in the next 
chapter. 

The next sections present the CBT conceptual model: the CBT 
framework, CBT-PIMs for the question-item and test dimensions and a 
proposal of patterns for the design of a CBT PL. 

 

3.4   The CBT Framework 
As a contribution for the CBT conceptual domain, this dissertation 
proposes a conceptual CBT framework (see Figure 8). The framework is 
graphically represented as a set of structures, elements and its 
relationships around the three CBT proposed dimensions: the Assessment 
Activity, the Test and the Question-Item. An advanced CBT scenario is 
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designed with the aim of collecting evidences from the students for testing 
the outcomes about what they have learnt and providing the adequate 
feedback about their progress (ICOPER, 2011). The aim of the CBT 
framework is to facilitate a comprehensible representation of the elements 
and the relationships which have to be considered for designing advanced 
CBT scenarios. 

 

Figure 8. CBT Framework 
 

First of all, when an advanced CBT scenario is going to be designed it is 
necessary to think about: what do we want to test? The framework defines 
an Assessment Activity as the dimension that connects a Test and the 
corresponding group of Questions-items. By answering questions students 
have to put in practice and demonstrate their Skills. These skills have to be 
related to the learning objectives of a concrete learning activity. 

As we have discussed in the previous chapter, it is important to select an 
adequate learning environment to perform an assessment activity. 
(Herbert, 2010) proposed that before selecting a learning space (or what 
we called learning environment) it is necessary to identify the learning 
content and the assessment strategy that is going to be covered. Then, the 
best environment to support the educational issues can be identified. In 
the framework the learning environment is proposed as the situation 
where the student has to be located to perform the assessment activity. 
Depending on the type of learning environment selected (face to face, at 
distance or in situ) the technology selected to support the Test and the 
Question-item will change. 
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In Chapter Two, Section 2.2.3, we have discussed that advanced CBT 
solutions have to put more attention in the characteristics of the Test 
dimension. The CBT framework proposes that an Interaction Context has 
to be considered to facilitate the understanding of a test. One the one 
hand, the interaction context has to facilitate the set of specific virtual or 
real objects to represent the topic assessed. As mentioned in the examples 
of the discussion, the interaction context can be: a 3D representation of a 
body, a map, a room of a museum, etc. Students will have to use this 
information to answer correctly the questions. On the other hand this 
context has to be used to distribute and organize question-items. This 
organization can help students to understand the relation between the 
different questions and the whole test.  

The Question-item is the third dimension of the framework. This 
dimension can be also represented with their specific Interaction Context. 
In this case, students have to interact with the context conformed by a set 
of objects (virtual or real) to answer the question. To illustrate this, and 
following with the same examples used in the Test dimension, the set of 
interactive objects used to represent a question-item could be: a 3D 
representation of the heart, the view of the street-map of Barcelona town-
planning, or the Sunflowers’ painting by Van Gogh. The information 
selected to represent the interaction context of a question has to facilitate 
the assessment of specific students’ skills. This means that has to be 
considered the way students will interact with the information to answer 
the question. It is very important to design well this interaction because it 
provides information about the skills developed by the students when 
providing their answer. Then, it is necessary to detect the input (product) 
introduced by the student as the answer. But also, the actions (process) 
followed by students to provide the answer. We claim that the input and 
the action facilitate capturing more concrete information of the answering 
process. This information will be used to provide more adequate 
feedback.  

Both, the interaction context of the test and the question-item have to be 
supported by Technological devices and ICT supporting tools. The 
characteristics of the devices and/or ICT supporting tools have to: 1) be 
aligned with the characteristics of the learning environment where the 
activity will be performed, 2) facilitate the representation and use of the 
objects of the interaction context of the test and the question-items and 3) 
enabling the put into practice and assessment of the students’ skills. As 
several authors discuss different technologies that can be used to support 
assessment depending on the characteristics of the CBT scenario. For 
instance, (Ridgway & McCusker, 2003)  discussed the use of computers 
in assessment to assess new educational goals. Elliott (2008) identified the 
benefits of using web 2.0 services in assessment. Dearnley et al. (2009) 
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explained the importance of using mobiles for testing students and 
Motiwalla (2007) proposed a framework with the factors that have to been 
considered to create a mobile learning environment. The technology 
selected has to provide support to the students in order to facilitate putting 
into practice and to comprehend tasks they have to perform. In addition, 
the technological solution has to facilitate teachers the assessment of the 
students’ skills in a specific learning environment. 

 

3.5  The CBT-PIMs: Modeling the Test and Question-
Item dimensions 

The elements of the Test and the Question-item dimensions have to be 
implemented in order to use them in a CBT Assessment Activity. This 
dissertation proposes two PIMs, following the MDA approach, one for the 
Test and another for the Question-Item dimension. The models contain 
elements which belong to the Information Model of QTI, and new ones 
based on the CBT framework. QTI was selected to represent some 
elements of the models because it is considered the de-facto standard for 
assessment (ICOPER, 2011). The other elements are proposed as an 
extension to QTI in order to support advanced CBT scenarios. The CBT-
PIMs are focused on the characteristics that CBT systems have to operate, 
while the technical specific aspects derived from the platform will be 
captured on the corresponding CBT-PSMs. The CBT-PIMs provide the 
elements to guide specification designers (and assessment system 
developers) in the creation of their own CBT-PSM. From the CBT-PIMs 
and considering the details of the specific platform selected designers can 
create the CBT-PSMs and implement the specific system.  

The models do not provide details about the corresponding XML 
implementation, to facilitate the discussion and their comprehension. The 
extension of QTI is based on the elements contained in its UML 
Information Model. For this reason the CBT-PIM elements and relations 
are represented using the Unified Modeling Language (UML). Examples 
of resulting CBT-PSMs, and their XML binding, are presented in the next 
chapter where the CBT-PIMs are used by assessment system developers 
to implement specific scenarios and systems. 

 

3.5.1 The CBT-PIM of the Test dimension 
As the CBT framework includes, the information of a Test is based on the 
information related to the Assessment Activity dimension. The following 
model (see Figure 9) contains the necessary elements for processing and 
representing advanced Tests. A Test is the computational representation of 
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a group of Question-items. But the test is also the dimension in charge of 
giving a common context to understand the relation of the set of question-
items. Also, the test is the dimension which has to facilitate the 
comprehension of the learning goal that is going to be assessed.  

This model extends QTI but is independent of the Interaction Context 
implementation. It is a PIM from the point of view of the Test 
Presentation, meaning that it can be particularized into a PSM when a 
concrete interaction context is implemented in a Test. 

The Test Presentation depends on an Interaction Context which 
determines the Items Distribution. As the CBT framework captures, the 
interaction context is the set of virtual or physical objects that has to 
facilitate the understanding of a Learning Objective and has to promote 
putting into practice the student’s skills. In the interaction context the 
question-items have to be organized, following (or not) a criteria. When 
the characteristics of the context are essential for answering correctly the 
questions of the test, a context dependency is established. For instance, in 
the case of in situ activities the Learning Environment (see the 
Framework, Figure 8) influences the interaction context. On the contrary, 
if the context does not have any influence over the questions, then the test 
has a context independency relation.  

The next examples can help to understand better the Test Presentation 
elements: (1) the interaction context of a test about Geography can be a 
web map where the questions are located (ItemsDistribution) in different 
coordinates of the map. The questions asking about Africa are located 
over this country and the same with the other countries. Students can 
explore the map to understand better the questions and their organization 
(context dependency). (2) The context of a test in Mathematics can be a 
blank html table where the questions are located in different rows, in this 
case the context is not important and students do not need to visualize 
certain visual characteristics to answer the questions (context 
independency). And (3), in an Art subject the physical space of a museum 
can be the interaction context of the test. Different QR-code tags can be 
put under the pictures with a link to a question-item. In this third case, the 
objects of the physical environment help the students to discover the 
questions and to understand their relation with other pictures of the 
museum (context dependency). Also the structure of the environment 
itself (a museum with rooms and pictures) is used to locate the questions.  
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Figure 9. Test dimension elements of the CBT-PIM. The new extended elements are represented in grey, the elements that follow the QTI 
standard in white. 
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The elements of the Test Processing follow part of the QTI information 
model (IMS, 2006b). This set of elements determines how the test has to 
be computed. It is composed by: (1) the Item Navigation Mode, which 
establishes the predetermined order that the user has to follow in order to 
answer the question-items. For example, the navigation mode is Adaptive 
when an item appears whether another concrete item has been answered 
previously. Or Sequence when the items have to be answered following a 
specific order. The Validation Rule is the algorithm or set of actions that 
compute the total of actions done by the student in the Test. As 
Macdonald (2003) indicated, two aspects can be assessed: (1) the process, 
which is the number and types of actions conducted by the student for 
answering the test (these actions have to be the sum of the interactions 
performed in the interaction context of the test and in each question-item); 
and (2) the final product which is the computation of the total of answers. 
As a result of applying the validation rule the final outcome variables are 
created (e.g. score, number of correct answers, number of incorrect 
answers, and level of skills, etc.). Finally, the Feedback is the information 
element that determines which outcome variables and message are 
showed to the user. The outcome variables are used to create the test 
result report. The message can be textual or multimedia information 
associated with the answers. 

Finally, a test can be divided in different Test Sections in order to organize 
similar question-items. 

 

3.5.2 The CBT-PIM of the Question-Item dimension 
A Question-item is the computational representation of a question. As 
Parshall et al. (2002) stated, the use of technology enables the creation of 
advanced question-items which are impossible of being reproduced using 
traditional methods. The Question-Item PIM also follows QTI but, again, 
it is independent of the interaction context (see Figure 10). In this case the 
interaction context has an influence on the other elements: the Response 
and Question-item processing. The resulted Platform Specific Model 
(PSM) will be based on a concrete interaction context. The selection of a 
specific interaction context will affect in the way of implementing the 
corresponding Response and Validation Rules of the question-items.
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Figure 10. Question-Item dimension elements of the CBT-PIM. The new extended elements are represented in grey, the elements that follow 

the QTI standard in white. 
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The Question-Item has to be designed considering the sophisticated task 
and group of skills expected to be assessed. For instance: draw frontiers 
between countries, put anatomic organs in their correct position or solve a 
mathematic equation with two unknown factors. 

The Presentation of a question-item is an element that affects directly on 
the complexity and its comprehension. The Presentation element is 
composed by: (1) The Interaction Context, has the same characteristics 
that the interaction context of a Test but applied to a question. In this case, 
the interaction context has to be useful to put into practice the necessary 
skills for answering correctly a question. (2) The Body, which contains the 
text of the question and its possible responses.   

The element Response is composed by: the Interaction type that defines 
the category of the question-item. Based on the organization of types of 
question-items proposed by (Bull & McKenna, 2004), two big categories 
of interactions are proposed: a) Choice, these are closed questions where 
the correct answer/s is/are contained in the context of the question and the 
user has to find it doing some action. For example: Multiple Choice, 
Yes/no, Multiple Response, Order, Match, etc. And the category b) Insert, 
open or a closed questions where the user has to introduce the answer 
because it is not contained in the context of the item. For example: Fill in 
the blank, Open question, Calculate, Draw, etc. The QTI information 
model includes an Interaction type element which can be organized as we 
have proposed. The CBT Framework, based on (Macdonald, 2003) work, 
proposes that besides de interaction type it is necessary to distinguish 
between the final product and the process followed by the student to 
answer a question. The User Input is the product that the user has to 
introduce in order to answer the question. This is the element which is 
computed as the answer of the question. In order to submit the user input 
the user has to perform a number of actions. For instance User Actions 
are: drag pieces of information of the question, draw a line, select between 
different choices, click on a position, among others. The user action 
determines the grade of participation of the student in the process of 
answering a question-item. The task of answering (which is the sum of the 
UserInput and the UserAction) allows the assessment of the student’s 
skills. When the user action requires a higher participation of the student, 
the assessment activity, the test and the question is more sophisticated 
(Boyle & Hutchison, 2009) and as a consequence the skill level is higher. 
The Response element also includes the Answer which is the list of 
possible responses and their values. 

The next examples can help to understand better the question-item 
presentation and response elements: 1) the interaction context of a 
question-item about Geography can be an interactive map of the Iberian 
Peninsula where the text of the question (ItemBody) asks “Draw the 
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frontier between Spain and Portugal”. Students can explore the map to 
understand better the question, they have to draw over the map 
(UserAction) and provide a line (UserInput) as answer. 2) In a Botany 
subject a real plant of a natural park can be the interaction context of a 
question. In this case the question can be a traditional textual multiple 
choice question (ItemBody). However, to answer the question correctly it 
is necessary that the students interact with the real plant doing a 
photograph or measuring the length of its leaves (userActions). This 
action will allow them to select the correct choice (userInput). Both, the 
Presentation and the Response elements (and its corresponding sub-
elements) depend on the InteractionContext selected as the most adequate 
to represent the CBT scenario. The selection will determine the creation 
of a platform-specific model (PSM). 

Finally, the elements of the Question-Item processing are also based on 
part of the QTI model. The Validation Rule is the algorithm that checks 
whether the user input is the same than the pre-established correct 
Answer. Once the item is computed a Feedback is sent to the user. The 
feedback can contain outcome variables such as a message, the score, the 
correct response, etc. 

 

3.6  Towards patterns for the CBT domain 
As we have discussed in Chapter Two, the design of a CBT PL represents 
a way of modeling part of the CBT domain. Specifically, patters can be 
used to model complex problems occurred in specific CBT contexts. 
Patterns can support and facilitate the interactions and communication 
between the members involved in the same complex problem. In this 
dissertation we propose that an ecosystem of PLs (see Chapter Two, 
Section 2.4.3) would establish a network of connections between PLs that 
correspond to different communities. In TEL a large diversity of patterns 
are proposed for different types of target users (e.g. teachers, developers, 
etc.), although in some cases these potential users are not clearly defined. 
The context of study in this dissertation is focused on CBT processes. 
Within the large number of methods to assess learning, the use of tests 
that make use of technical assessment specifications such as QTI is 
studied. We analyze how the CBT processes (e.g., design, creation, 
implementation and use of CBT solutions) are structured in stages where 
different users are involved. According to each user and his/her problem, 
a specific good practice can be applied. This information can be modelled 
and organized in a pattern. The target users are indentified in this chapter 
in section 3.2. CBT is a multidisciplinary research field, and like occurs in 
other multidisciplinary fields one of the concerns is to bridge the gap 
between the different members and facilitate the communication between 
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them (Mor & Winters, 2007). The provision of a common language can 
enhance the collaboration and coordination at the design level (Goodyear, 
de-Laat, & Lally, 2006; PracticalPatternsBook project, 2011). 

This dissertation claims that extending the CBT domain with a conceptual 
model can facilitate the sharing of information between users involved 
and can potentiate the use of CBT systems. One of the objectives of this 
dissertation is to create and evaluate advanced CBT implementations and 
scenarios for supporting the assessment of higher-order skills, extending 
QTI. The details of the implemented scenarios and systems are detailed in 
the next chapter. After finding solutions to solve some specific CBT 
problems, we consider that this collection of solutions can be modelled as 
a set of patterns. As Chapter Two explains, a pattern captures the 
information of a common problem in a specific context and provides a 
solution to solve it (Alexander et al., 1977). When a CBT solution (e.g., a 
process followed to design an assessment activity, a type of test or 
question, a system, etc.) has been successfully applied to solve similar 
problems in different real cases, it can be identified as exemplary to solve 
a determinate problem. Then, it can be captured and proposed as a pattern. 
Then the use of the pattern has to be evaluated in case studies showing its 
evolution and use in similar contexts (Goodyear et al., 2006). Moreover, 
the considered patterns can be validated by the experts’ community 
following a shepherding process (Harrison, 2000). Once the pattern is 
validated, this knowledge can be exchanged with other users who can be 
interested in re-using this information to solve the same or similar 
problems.  

As Goodyear et al. (Goodyear, 2005) indicated forming a PL implies an 
iterative work, combining two directions. From the bottom up, patterns 
can be designed capturing problems and solutions from real experiences. 
On the other hand, from the top down, a problem can be analysed and 
then and sketch of relationships between patterns can be proposed. The 
examples of patterns proposed in this dissertation resulted from the 
implementation for solving problems in real CBT scenarios. These 
scenarios were created following a participatory design approach (Schuler 
& Namioka, 1993) with teachers, students, designers and developers, in 
the different stages of the CBT process. 

The patterns have been validated by the experts’ community, and as a 
result have been published in two patterns-oriented books (P. Santos, 
Hernández-Leo, Navarrete, & Blat, 2011a; P. Santos, Hernández-Leo, 
Navarrete, & Blat, 2011c). However, in order to obtain a more mature 
version of the patterns these have to be used by the target CBT users in 
more real contexts. A brief description of these contributions is detailed in 
the following section. The examples of patterns are included in Appendix 
B, Section B.2. 
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3.6.1 Design CBT Patterns 
In this section, the summary of three potential patterns addressed to three 
different target users who work in the integration of new opportunities on 
CBT, using multimedia Web 2.0 services in a test, is presented. Each 
pattern would belong to a different pattern language (community). 
However, they are complementary and dependent among them. As a first 
step towards the design of CBT patterns we present a pattern for each type 
of user: teachers, specification expert designers and developers. These 
patterns are connected to each other in an ecosystem, modeling a specific 
complex problem: implementation of advanced questions for assessing 
geographical higher order skills.  

To solve this complex problem it is necessary that teachers, assessment 
designers and developers work together. The patterns proposed have been 
designed to help them in their specific tasks into this complex problem, 
but also to connect these users and enhance their communication. 

The patterns, summarized in Table 1, Table 2 and Table 3, have been 
designed after working in a real case presented in (Navarrete et al., 
2011).The following tables summarize the proposed patterns for the 
teacher, specification expert designer and developer involved in the CBT 
problem of designing, creating and implementing new question-items for 
a Geography subject. These patterns belong to the following contribution 
(P. Santos, Hernández-Leo, Navarrete, & Blat, 2011a) and their long 
versions are included in Appendix B. 

Table 1. Summary of the Teacher – New Question-Items –pattern 
Problem In some learning areas the teacher has the need to use models to 

represent realistic structures (e.g. DNA molecule, the human 
body, a cartographic map, etc.). The problem becomes when the 
teacher wants to evaluate the exploration skills of their students 
using this structures in an objective Test, because with a simple 
image or text s/he cannot evaluate these specific skills. 

Solution Use integrated multimedia graphic tools which allow exploration 
interaction in your test-items. This type of tool has to enable 
students some different movements over a graphic as a zoom, 
drag, draw, spatial (x,y,z) movements, etc. The teacher will have 
to make an instrumentalization of the tool, adding or hiding 
information, selecting important sections, saving the data about 
the realized actions, etc. The use of web 2.0 tools is very useful 
because they allow this concept of easily instrumentalizing the 
service. 

 

The aim of the pattern for the teacher summarized in Table 1, is to 
facilitate the use of question-items with multimedia interactions to support 
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the assessment of geographical explorative skills. This solution was 
evaluated in a real educational scenario with a teacher and their students 
in an exam of a geography subject. The results of this experiment are 
exposed in detail in Chapter Four, Section 4.2.4. The preliminary 
evaluation demonstrates that the solution presented allowed the teacher to 
assess more complex geographical skills which were impossible of 
assessing using traditional methods (e.g., P&P tests).   

The second and third proposals of patterns are oriented to specification 
expert designers and assessment developers. A group of members of the 
GTI research team (GTI, 2011), formed by specification designers and 
developers, worked in the proposal of a CBT system which extends QTI 
with new types of multimedia interactions, specifically it combines QTI 
with GoogleMaps (Bouzo, Batlle, Navarrete, & Blat, 2007).  

The objective of the pattern, summarized in Table 2, is to promote that 
designers have to combine existing assessment specifications with other 
enriched services and provide models of these new interactions. 

Table 2. Summary of the Specification Expert Designer – Modeling new 
Question-items –pattern 

Problem The creation of new types of questions is identified by a teacher as 
a need for assessing their students. Combining a multimedia web 
2.0 service and an assessment specification, the teacher would 
have the possibility of creating new richer, interactive and 
stimulating questions. 

Solution The assessment specification and the multimedia web 2.0 service 
have to be used to design a new question item. Developers have to 
know how they can implement a system to support tests and 
question-items which use this combination. The specification 
designer has to design a CBT-PSM modeling the new interactions. 

 

Finally, the pattern summarized in Table 3, is destined for assessment 
developers. The pattern provides a specific solution for the development 
of a CBT system oriented to support geographical enriched question-
items. 
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Table 3.  Summary of the Developer – Modeling new Question-items –pattern 
Problem A CBT-PSM of question-items which combines an assessment 

specification and a multimedia Web 2.0 service has been created 
by a specification expert designer. The developer is the person 
who has to analyse the technical requirements of this model and 
s/he has to create a compliant system. 

Solution A communication access mechanism between the engine of the 
selected assessment specification and the multimedia Web 2.0 
service has to be implemented following a CBT-PSM.  

In order to enrich the patterns an associated case story has been proposed 
and is included in Appendix B, section B.2. According with the Practical 
Patterns project (PracticalPatternsBook project, 2011), case stories are 
helpful because they “illustrate a critical problem by demonstrating its 
manifestation and resolution in a concrete context. They are first-person 
accounts of practitioners' experience detailing a challenge they have 
faced and successfully overcome. These will include both technology 
experts developing new technologies for learning, and educators finding 
effective ways of using technology in their practice”. The case story 
explains a real scenario where a teacher of Geography and History wanted 
to solve the problem of assessing their students with more authentic 
geographical interactions and how it was solved with the QTIMaps 
system.  

 

3.7  Discussion and Conclusion 
In order to understand the CBT conceptual domain and propose 
extensions to model it, apart from using existing approaches based on the 
literature, we have used the results obtained in the evaluation of real CBT 
cases. The cases are rich in technology, in the skills they assessed and in 
the learning involved (the details of the cases are included in the next 
chapter). The main concern of this dissertation is to propose a CBT 
Conceptual Model with the aim of facilitating the design, creation and 
implementation of advanced CBT scenarios and systems. Taking into 
account that QTI is the de-facto standard in assessment, we propose new 
extensions to its Information Model (IMS, 2006b). The modeling effort, 
through the proposed QTI extensions, shows that they present general 
traits which can be generalised (and re-used) to diverse CBT scenarios. 

This chapter presents two proposed extensions to QTI, which consist in 
modeling the Question-Item and the Test dimension making emphasis in 
representing the information of these dimensions and specifying the users’ 
interaction. The CBT models are platform-independent (PIM). The Test 
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and Question-item PIMs provide the elements to guide assessment 
designers and developers to create their own platform-specific models 
(PSM). These PSMs will depend on the technology selected to create 
specific systems. The CBT-PIMs are extensions of the existing QTI 
Information Model. And as a consequence, the resulted CBT-PSMs 
combine the characteristics of a specific platform (used to represent the 
new elements extended in the models) with the traditional elements of 
QTI.  

The chapter frames these extensions in a more general framework, the 
CBT Framework, which allows the conceptual discussion, and the 
creation of the scenarios. Our framework is useful for this practical 
approach to enhancing the value of the assessment, and its meaningful 
association to learning and technology, as we have demonstrated through 
the proposals of QTI extensions and the application to advanced CBT 
scenarios. As has been discussed in Chapter Two, other authors propose 
taxonomies or models to define assessment but none of them are focused 
on defining a conceptual framework for advanced CBT solutions. The 
CBT framework can be used to analyse existing traditional CBT scenarios 
or to envisage new advanced ones. Assessment system developers can use 
this information to discuss with teachers and specification expert 
designers and analyse which technology is the most adequate to support 
the desired CBT scenario. 

In conclusion, this CBT Conceptual Model provides the dimensions and 
elements that have to be considered to design, analyse and implement 
advanced CBT scenarios and systems. As a future work the extensions 
proposed by the CBT models could be included in the QTI standard. This 
extension could be used to implement a big range of advanced CBT 
activities. In this dissertation we have adopted the concepts of Model 
Driven Architecture of PIM and PSM, however the potential of this 
architecture for the automatic transformation of models has not been 
explored and represents an interesting future work. Moreover, we have 
captured the experience acquired during the implementation of real cases 
and we have formulated the results in a pattern format. As this chapter 
claims, a formulation of exemplary patterns to propose a CBT PL is 
presented. These patterns contribute in the modeling of the CBT 
conceptual domain. We plan to continue with the study of using objective 
tests in educational contexts and detecting more patterns in order to 
increase the proposal of CBT PL discussed in this chapter. In order to 
validate the patterns, further evaluation have to be done for demonstrating 
that the solutions proposed in the patterns can be used in similar contexts 
and with similar problems. This dissertation expects that the proposal of 
CBT PL will be a first step towards the design of more CBT patterns. 
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CHAPTER FOUR 

 

IMPLEMENTING AND 
EXPERIMENTING ADVANCED CBT 

 

In order to evaluate the modeling approaches proposed in the previous chapter, 
this chapter includes implementations of the CBT-PIMs into PSMs, the resulted 
software tools and their use in experiments. The technological setting used in 
these scenarios can be described with the situated CBT framework. The analysis 
of the results obtained and the experience acquired during the realisation of the 
cases were used to refine the conceptual model. Two case studies and a scenario 
implemented by a third-party institution are analised. In the first and the second 
case study, a set of experiments and additional scenarios are proposed and 
evaluated. Several quantitative and qualitative techniques were used due to the 
many contextual factors regarding the students and the teachers. Since the 
experiments were realised in real assessment contexts for specific educational 
scenarios. In order to show that the results obtained can be extrapolated to other 
disciplines other exemplary scenarios are included to enhance the discussion. 
Finally, a scenario implemented by a third party is presented as application case. 
This application case aims to demonstrate that the elements contained in the 
proposed CBT Conceptual Domain can be used by external parties to envisage 
and implement advanced CBT systems and scenarios. In the evaluation of the 
cases the application of the CBT conceptual model is presented and the 
corresponding results (the resulted CBT-PSM, an implemented system and the 
application of the system in a real CBT scenario). The proposal, implementation 
and evaluation of these scenarios are important contributions of this dissertation. 
One the one hand these contributions enable us to demonstrate new ways of CBT 
using advanced ICTs. On the other hand these experiments have been used to 
adjust the CBT conceptual model. 

The main contributions of this chapter have been published in (Morillo et al., 
2010; Navarrete et al., 2011; P. Santos et al., 2011) and (P. Santos et al., 
submitted) . 

 

4.1  Introduction 
This chapter presents the engineering-oriented research methodology 
followed in the evaluation phase of this dissertation. The global objective 
of this dissertation is twofold: on the one hand, to propose a conceptual 
framework and associated models for the Computing-Based Testing 
domain to facilitate the design and implementation of advanced CBT 
scenarios and tools, extending the scope of the IMS Question and Test 
Interoperability. And on the other hand, to evaluate real advanced CBT 
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scenarios and implementations compliant with the CBT Conceptual 
Model proposed. The first objective has been presented in Chapter Three, 
where the target users of the CBT multidisciplinary field have been 
identified, and a proposal of a CBT Framework and two CBT-PIMs for 
the Question-item and Test dimensions are presented. The CBT 
Framework has been designed with the aim of facilitating the design of 
advanced CBT scenarios. This can be used as an instrument to support the 
communication between teachers and assessment designers. The 
framework provides the elements and relations that these target users have 
to consider in order to design an adequate CBT scenario. Then, the 
assessment designer is in charge of extending the QTI standard in order to 
enable the implementation of question-items and tests according with the 
characteristics of the CBT scenario designed. The CBT-PIMs of this 
dissertation have been proposed to guide the assessment designer on this 
extension. The models have to help the assessment designer to know how 
to combine the QTI standard with other services in order to enable the 
implementation of advanced representations of question-items and tests. 
When designers have selected the corresponding specific technology to 
extend the standard, then they can model their own CBT-PSM. 

As Chapter Three explains, the CBT Conceptual Model has been created 
and refined considering on the one hand the reviewed literature presented 
in Chapter Two, and on the other hand the results of the experiments 
carried out in this dissertation.  This chapter presents the evaluation phase 
which consists in a set of experiments organized as case studies (Stake, 
1995). Zelkowitz and Wallace (1998) identified case studies as 
observational software-engineering validating models. Observational 
methods means to collect data as a project develops. They also define two 
other categories of case studies: historical and controlled. We do not 
follow a historical method, because these are based on the analysis of 
literature research and currently there is not enough experience focused on 
advanced CBT scenarios and implementations.  Controlled experiments 
are limited to few replications, however, in our case because of the 
characteristics of the experiments (realised in real assessment contexts, 
with teachers and students) the cost of replication is very high. 
Furthermore, our main aim is not to collect measurable data, we are 
interested in demonstrating that advanced CBT scenarios and 
implementations can be created following the CBT Conceptual Model 
presented in this dissertation. However, the measurable data help us to 
demonstrate that the implementations used in the experiments have 
educational benefits, allow the assessment of specific and transversal 
higher-order skills, promote the students’ motivation and facilitate the 
tasks done by the teacher to collect students’ outcomes. The experiments 
evaluate real advanced CBT scenarios (involving real users such as: 
students, teachers, assessment designers and developers), the scenarios are 
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rich in technology, in the skills assessed and in the learning involved. For 
this reason, the observational case study method has been selected as the 
most adequate to evaluate these experiments. 

The data collected during the experiments is evaluated following an 
adaptation of the mixed evaluation method presented by (Martinez et al., 
2003). The mixed evaluation method consists in analysing various sources 
of data using different quantitative and qualitative approaches (Goubil-
Gambrel, 1992). The objective is to organize in categories (see Sections 
C.1 and C.2 in Appendix C), based on our research objectives, data from 
different sources: questionnaires with open and closed questions; 
discussion group sessions, interviews, logs, observations (where the 
observer describes the case study), the attitudes, doubts, motivations, 
expectations of participants and their interactions with the system. In this 
dissertation, we adapt the schema (see Figure 11) proposed by Martinez et 
al in (2003) to explain the different steps of the mixed evaluation followed 
to evaluate our experiments. 

1. Scheme of categories: This scheme is done based on the specific 
research objectives of this dissertation (Martinez et al., 2003). With 
these categories we can detect and organize: trends, problems, habits, 
etc. We use these categories to analyse the data gathered from the 
evaluation phases and then formulate conclusions. 

2. Evaluation phases: The objective of this phase is to gather data to 
understand the context of study. In this phase the implementations 
based on the CBT conceptual model proposed in this dissertation are 
evaluated. 

3. Analysis methods: After the evaluation phase we have to analyse the 
data of the experiment. The quantitative data are analysed using 
statistical methods. The qualitative data are analysed using a tool 
called Nud*IST (SQR, 1997). This tool helps us to organize the 
information in the categories done in the first stage. Using these 
methods we can detect new emerging categories, and add them to our 
list. 

4. Conclusions: In the last stage, we formulate partial conclusions 
which can be confirmed or rejected by means of a comparative 
analysis approach called triangulation (Guba, 1981). A comparative 
analysis and review from various participants (e.g, students, teachers, 
observers) is done. This method is useful to find confirmations. 
Finally after iterative analysis of partial conclusions, the global 
conclusions of the experiment can be presented. 
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Figure 11.  Mixed Evaluation Method 
 

As Chapter Three presented, the process of designing, creating and 
implementing a CBT scenario has different stages where different users 
perform specific tasks. The persons who are in these stages are from 
different communities such as: technicians, educators, specification 
experts, etc. For this reason, in order to understand this context it is 
necessary to use a multidisciplinary engineering-oriented research 
methodology.  

In the adaptation of the mixed evaluation method, quantitative data were 
treated with closed-questions and data-logs to detect trends. These 
questions are used with statistical objectives, to account occurrences of 
facts, possible problematic points, etc. On the other hand, qualitative data 
sources (open questions, observations, focus groups) served to organize 
the data in categories and detect emerged categories. Different methods 
were used to treat the different groups of users-stages involved in our 
context of study. To collect the data from the different sources to perform 
the mixed evaluation, we organized the evaluation in three phases: 

1. Before using the CBT implementation: This is the first step where 
an advanced CBT scenario is designed. In this phase, teachers and 
assessment designers have to use the CBT Framework to discuss and 
design the desired scenario following a participatory design approach 
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(Schuler & Namioka, 1993). Once the scenario is designed, 
assessment designers have to follow the CBT-PIMS to model their 
own CBT-PSM. Then assessment developers will use the CBT-PSM 
to implement a specific CBT implementation.  In this phase students 
are also observed. Observing students before using the CBT 
implementations enables us to understand their previous experiences 
with assessment activities based on tests. 

2. Interacting with the system: In this phase, teachers and students 
have a direct contact with the CBT implementation. On the one hand, 
teachers have to know the system in order to devise an exemplary 
assessment activity based on the desired CBT scenario. And on the 
other hand, students have to carry out the assessment activity. The 
main objective is to collect expectations, comments, doubts, 
problems, etc., to organize this information in categories. Finally, we 
analyse these categories and formulate conclusions.  

3. After interacting with the system: This is the last phase to collect 
impressions, problems, comments, etc. after users have been involved 
in the assessment activity. This phase is useful to detect what aspects 
have to be improved and future work.  

This dissertation presents two main case studies, the so-called: QTI-Maps 
case and “Discovering Barcelona” with QuesTInSitu. In the first case, 
QTIMaps, we evaluate the importance of implementing an adequate 
interaction context in the Question-Item dimension, showing how QTI 
question-items can be enriched with specific multimedia information (web 
maps). In the Discovering Barcelona with QuesTInSitu case, we 
emphasized the importance of using new metaphors for the presentation 
of the Test dimension and the corresponding distribution and organization 
of questions within the test. This case demonstrates that a test can be 
augmented with real physical information using geographical coordinates 
to locate QTI questions. In addition this second case shows how handheld 
devices such as mobile phones and GPS can be used to answer questions 
and tests. Both cases are complemented with additional experiments 
(mini-cases and synthetic scenarios based on real practices). These 
additional cases help to support or reject the results of the associated main 
case, and in addition these are used to show how the CBT implementation 
can be used in other educational contexts. Finally, the chapter presents a 
third case, the Wonderland-QTI case, based on a CBT implementation 
done by a third-party institution following the CBT Conceptual Model 
presented in this dissertation. This application case exemplifies how to 
combine advanced representations of Question-items and Tests using 
virtual worlds.  
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All the cases introduce the educational need of the case and the limitations 
of current associated approaches. The application of the CBT-PIMS in 
each case enabled the implementation of three CBT-PSMs and their 
corresponding software tools. Each PSM is based on a particular system 
to implement the extended elements proposed in the CBT-PIMs. The 
implementations that support the scenarios are compliant with the QTI 
standard in combination with the proposed new elements. These new 
elements are associated to the technological platform selected according 
with the interaction context needed. The analysis of these examples can 
inspire practitioners and technicians in the design and development of 
other advanced CBT scenarios. The next sections detail how the CBT 
framework and CBT-PIMs have been applied to design an application 
case, the corresponding CBT-PSM and system. For the main case studies 
the evaluation and obtained results are presented. Finally, the three cases 
finish with a discussion. 

 

4.2  Augmenting the interaction complexity of 
Question-items 

CBT approaches exploit interactive technologies to support and enhance 
educational assessment (Conole & Warburton, 2005). Nowadays it is 
widely accepted that assessment processes, as integral part of education, 
should support a variety of skills including general and subject matter 
abilities (Bennett, 1998). The European Qualifications Framework defines 
skill as “the ability to apply knowledge and use know-how to complete 
tasks and solve problems. Skills are described as cognitive (involving the 
use of logical, intuitive and creative thinking) or practical (involving 
manual dexterity and the use of methods, materials, tools and 
instruments).” Based on Bloom’s Taxonomy (Bloom & Krathwohl, 1956) 
there are six levels of skills complexity that go beyond knowledge, i.e., 
comprehension, application, analysis, synthesis and evaluation. We 
address the problem occurring when some skills are included in the 
educational curriculum but the methods to assess them are not appropriate 
(Bennett, 1999; Boyle & Hutchison, 2009). 

As we have reviewed and discussed in previous chapters, the 
implementation of advanced question-items that go beyond the 
assessment of students’ knowledge is one of the major concerns of CBT 
researchers (Parshall et al., 2002; Ridgway & McCusker, 2003). As the 
recent JISC report for effective assessment claims (JISC, 2010), the future 
of assessment question-items deals on implementing “authentic 
assessment opportunities supported by technology” which means to 
integrate rich and creative media to develop more complex interactions. 
As Bull et al. identified in (Bull & McKenna, 2004) the inclusion of 
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multimedia data in questions (beyond textual questions) increases the 
interactivity adding realism and authenticity to assessment. Moreover, as 
(Pintrich, 2003) also stated the provision of more authentic 
learning/assessment tasks, more closed to real-life tasks, enhance the 
students’ motivation. As Ridgway et al. indicated, augmenting the 
interaction complexity of question-items enables the assessment of new 
educational goals (Ridgway & McCusker, 2003). This also means to have 
the opportunity of assessing theoretical knowledge but also applied skills.  

However, the main two problems of current advanced CBT 
approaches, on the one hand is that these are not based on the use of 
assessment standards and on the other hand they do not provide 
informational models to extend specific solutions to more general ones. 

In the following subsections, this dissertation presents a specific real case 
where a multimedia service (Google Maps) was used to include complex 
geographical interactions in QTI question-items. The elements presented 
in the CBT conceptual model detailed in Chapter Three, were considered 
to design the so-called QTIMaps PSM. From this model an 
implementation was resulted and evaluated in a case study with real users. 
As the following section discusses the QTIMaps PSM could be extended 
to implement other multimedia interactions. The application case shows 
how the consideration of an interaction context and the distinction 
between the user input and user action enable the design of more complex 
interactions for designing advanced question-items.   

 

4.2.1 Application case: using web-maps content to create 
questions 

This application case focuses on spatial and geographic information, its 
representation and related skills. Spatial thinking, one form of thinking, is 
a collection of cognitive skills, according to the committee of the 
American National Research Council that has analyzed the incorporation 
of Geographic Information Science across the K-12 curriculum. The skills 
consist of declarative and perceptual knowledge and some cognitive 
operations to transform, combine, or otherwise operate on this knowledge. 
The key to spatial thinking is a constructive amalgam of three elements: 
concepts of space, tools of representation, and processes of reasoning, and 
these elements are present in the K-12 curriculum of most countries. For 
example, the Spanish curriculum states that secondary education learners 
should be able to “identify, localize and analyze geographical elements at 
different scales” and “search, select, understand and relate (...) 
cartographic information from different sources: books, media, 
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information technologies”. Students should also be capable of 
understanding processes and how humans influence the environment.  

Maps have been the main representation of geographic information for 
centuries. Information technologies provide useful tools enhancing 
traditional maps in terms of interactivity and ease of modeling spatial 
processes. Geographic Information Systems (GIS) support the generation 
of maps from spatial information, but moreover its analysis (finding 
patterns in geo-referenced data, for instance) and modeling (such as how 
the environment will evolve). A GIS should be able to answer the five 
questions formulated by (Rhind, 1989), and reflected in Table 4. 

Table 4. The five types of questions a GIS should answer 
Question Type of task 

1. What is at ...? Inventory 

2. Where is ...? Monitoring 

3. What has changed since ...? Inventory and monitoring 

4. What spatial pattern exists ...? Spatial analysis 

5. What if ...? Modeling 

 

Nevertheless, GISs are still mainly oriented to professionals and are 
difficult to use by the general public, and in particular by K-12 teachers 
and students, while web maps also enhance traditional maps providing 
more interaction possibilities. Google Maps is the most popular web map 
application, offering a world-wide cartography including street-level 
information for many countries as well as satellite/aerial images at 
different resolutions. While, Yahoo Maps and Bing Maps, are products of 
Yahoo! and Microsoft with features similar to those of Google Maps, 
other web maps are compliant with international standards and can show 
information from Spatial Data Infrastructures (SDIs). An SDI is an 
infrastructure for sharing geographic information (and meta-information) 
in a standard way. SDIs are usually created and maintained by public 
organizations that publish a large amount of geographic information on 
different topics, such as environment, economy, demography or 
climatology that can be very valuable in education.  

Apart from allowing to access this huge information, web maps enable the 
combination of different information sources in a single map, and allow 
the user to identify and draw elements on the map. From the five 
questions formulated by Rhind, web maps completely support monitoring 
and inventory, while analysis and modeling only partially. The rich 
interactions that web maps provide can be used in learning activities for 
the learner to understand and reflect on space. Web maps can also be used 
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to create activities to assess the acquisition of skills included in the 
curriculum, both in a formative or summative way.  

Very related to web maps is Google Earth (in fact some of its 
functionalities have been recently integrated in Google Maps). Patterson 
(2007) demonstrated that Google Earth has a considerable potential to 
enhance teaching methods and supports the development of spatial 
thinking and other skills (such as critical analysis). Google Earth, as a 
desktop application, is difficult to integrate in CBT platforms, but is very 
related to web maps - in fact some its functionalities have been recently 
integrated in Google Maps. As the potentials described by Patterson can 
also be applied to web maps, we will focus on them.   

ESRI (1998) stated that around 80% of data in information systems have a 
spatial component and consequently can be portrayed in a map. This 
percentage can also be high in several subjects. Location has a significant 
role not only in geography, but also in other fields such as history, 
dialectology, biology (botany and zoology), geology or sociology, among 
others. SDI’s provide information about most of these topics, especially 
those related to the environment. However, current learning and 
assessment tools cannot deal with web maps. In fact, this happens for 
other media with specific types of multimedia interaction. Video 
sequences composers, chemical molecules viewers/editors or history 
timelines are neither well supported by authoring tools. 

Centering on CBT, there are very few skill-oriented approaches related 
with maps, and are mostly closed in terms of technologies used and 
possibilities offered to teachers to customize the designs according to the 
educational needs (Ridgway & McCusker, 2003). Klaus & Leonhard 
(2004) proposed an innovative assessment tool with their own 
implementation of interactive maps, but the tool offers a limited number 
of maps and question types which do not answer the requirements of 
specific learning situations. Chang, Chiu, & Chen (2009) proposed a map-
based assessment application using Google Maps that allows teachers to 
edit four types of items (multiple choice, essay question, sequence and 
map-based questions), but users cannot interact with the maps to answer 
the questions.  

A limitation of these approaches is that they are not using any educational 
technology standard. As has been discussed in Chapter Two, standards 
should play an important role in CBT tools because they: (1) provide a 
data model to computationally represent questions, items and results, and 
(2) enable content re-use across different learning environments. QTI 
supports questions involving graphical interactions, such as hot spot or 
select point, among others. Moreover, although QTI does not address 
interactions dealing with web maps, it supports the definition of new types 
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of items adapted to specific educational goals. Consequently, a valid 
solution to the integration of web maps (and any other interactive media) 
in assessment scenarios can be based on the QTI standard. 

In this chapter, and based on the CBT Conceptual Model proposed in this 
dissertation, the QTIMaps PSM, application case and implementation are 
presented. This contribution was published in (Navarrete et al., 2011). 
QTIMaps adopts, extends and combines QTI with web maps services to 
provide solutions for the assessment of spatial thinking and related skills. 
The QTIMaps implementations will both benefit from the open aspects of 
QTI and webmaps services: interoperability with other learning services 
and standards, and integration of large amounts of up-to-date geo-
information provided by SDI’s. To validate the QTIMaps PSM, we 
present a QTIMaps implementation and its use in a secondary school class 
and an informal workshop. The implementation uses Google Maps as an 
example of a web maps service and encompasses an editor and a player 
based on a QTI engine. The evaluation results extracted from the use of 
the implementation show that the QTIMaps model is applicable for its 
intended use, both in terms of educational benefits and usability. 
Moreover, we illustrate with three additional scenarios that the QTIMaps 
model supports a variety of assessment activities. 

QTIMaps PSM provides a more flexible way to define interactions based 
on the introduction of interaction methods and validations rules, as will be 
discussed below. Furthermore, QTIMaps is not restricted to a given 
implementation of web maps such as Google Maps, supporting a variety 
of layer types, including those published in SDI’s, that can be combined 
in the same map. 

 

4.2.2 QTIMaps: The corresponding CBT-PSM  
This application case presents how to design new types of Question-Items 
to cover adequately the educational goals of a curriculum. This is based in 
a real case of development of new types of questions for a Geography 
subject. The details of the case are described in Section 4.2.4.  

As the CBT Framework indicates (see Chapter Three, Section 3.3), first of 
all, it is necessary to know the skills that are going to be tested in the 
assessment activity. The educational curriculum of the Spanish 
Geography and History subject (Spanish government, 2006; Spanish 
government, 2007) indicates that students have to put in practice the 
following skills: (1) identify, localize and analyze, in different scales, the 
basic elements which characterize the physical environment; (2) 
understand the territory; (3) identify, localize and understand the basic 
characteristics of the geography diversity of the world and the biggest 



Implementing and experimenting advanced CBT 

79 
 

geoeconomical areas; (4) identify and localize in the time and in the space 
the relevant processes and historic facts of the world history; and finally 
(5) search, select, understand and relate verbatim, graphic, iconic, statistic 
and cartographic information, from different sources (books, media, and 
information technologies). These skills are very difficult to be assessed 
using traditional types of questions. However, current web map 
applications allow practicing these skills interacting with multimedia 
geographical information. Considering the three dimensions of the 
framework, the dimension with higher relevance in this case is the 
Question-item dimension. The interaction context, the interactive web 
maps, included in the questions will enable the students to put into 
practice the skills previously cited. Students have to interact with the 
maps doing actions that are typically supported by web map applications. 
In addition, it is necessary that they introduce inputs over the map as final 
answer to the questions. 

In this case, considering that the interaction context of the question-items 
has all the information that students need to practice the skills, it is not 
necessary to use a complex interaction context for representing the Test 
dimension. Question-items can be distributed in the test following a 
format of html table, one question below the other. This assessment 
activity can be performed in a learning environment at distance (e.g. at 
home) or face to face (e.g. at classroom). An adequate device to support 
the activity is a computer (PC or laptop). Also, it is necessary to use a web 
map application, ICT support (e.g. Google Maps, Yahoo! Maps, etc.), to 
represent the interaction context of the question-items. 

Once the requirements of the scenario and the elements of the three 
dimensions of the CBT Framework are analyzed, the CBT-PIM of the 
Question-Item dimension (see Chapter Three, Section 3.4.2) can be used 
to design specific solutions. In Navarrete et al. (2011) we proposed a 
CBT-PSM, a particularization of the Question-item CBT-PIM, called: 
QTIMaps. The QTIMaps model extends the QTI standard with new types 
of multimedia questions with geographical interactions (see Figure 12, the 
elements which follow QTI are in white, and the new elements are 
highlighted in grey). Although QTI v2.1 has the possibility of using 
graphics (e.g. maps) as interaction context of a question, the standard does 
not consider interacting in a more authentic way with maps. This 
implementation was possible due to the interoperability that QTI has with 
other systems and programming languages. Google Maps (Google, 2011a) 
was selected as a provider of maps because it has an open Application 
Programming Interface (API). In the QTIMaps solution the Question-Item 
Presentation consists of the following elements: (a) the itemBody, it is the 
textual information contained in a QTI question. And (b) the 
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interactionContext, an InteractiveMap, it is a map from GoogleMaps 
(other web map tools could be used).  

Then, it was necessary to extend QTI with new types of interactions. In 
this case these new interactions are called Interactive Map questions. 
Taking into account the skills that had to be tested, the students needed to 
put into practice User Actions, such as: zoom, changing the appearance of 
a map, drawing lines to differentiate regions, etc. And introducing User 
Inputs such as: a click over a position, a marker in the correct order, etc. 
These user actions are typically supported by web map applications, 
including Google Maps. The users interact with the web maps doing 
actions and inputs using GeographicElements provided by the web map 
application. The answers are corrected automatically by the QTIMaps 
solution following specific algorithms and patterns (Validation Rule) 
especially designed to support the actions and inputs of the students with 
the GeographicElements.  

 
The results of following the QTIMaps model for implementing a system, 
which was used in a real case, demonstrated that considering the 
presentation, and response elements of a Question-item, it is possible 
to design more authentic and enriched ways of answering questions. 
QTI can be extended with enriched interactive contexts combining 
them with traditional types of questions or creating new ones. 

 

4.2.3 QTIMaps: A system to enable web-maps questions 
A partial reference implementation of the QTIMaps model, covering the 
whole lifecycle of edition and runtime was developed by the GTI research 
team (GTI, 2011). It is focused on Google Maps as it is the web map 
service best known by teachers and students and contains only the 
corresponding layers types. This implementation, called (gMapsQTItest, 
2010), enables us to test the educational benefits and usability of the 
model, and represents a reference that developers can use to integrate 
other types of layers covered by the model and other Multimedia 
question-items. After presenting the editor and the runtime system, the 
next section describes how the tools have been used in two real 
educational cases. 

The gMapsQTItest Editor 

The editor (see Figure 13) provides a wizard that allows the user to 
graphically define all the configuration parameters and geographic 
elements as well as the QTI aspects.  
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Figure 12. CBT-PSM QTIMaps. The new extended QTIMaps elements are represented in grey, the elements that follow the QTI standard in 
white. 
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(a) 

(b) 

(c)  
Figure 13. gMapsQTItest editor (a) Selection of the interaction (b) Authoring the 
map interactions (c) Editing the QTI part of the assessment 
 
The author can choose among a set of pre-defined map interactions with 
simple validation rules, such as the click interaction method with a point 
contained in a polygon as validation rule. After the editing process is 
finished the corresponding QTI documents (a set of XML files) and 
additional XML document are generated for each item, describing the 
corresponding map interaction according to the QTIMaps model. The 
latter is referenced from the QTI item document by means of an 
InteractiveMap element. The XML documents can be previewed within 
the editor and further edited (by experts); and can be published 
establishing the communication with the runtime system. 
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The gMapsQTItests runtime system 
 
The QTIMaps model has been defined so that available QTI engines and 
players only require to call some additional middleware when a ‘new’ 
multimedia element is associated to a QTI item. In the gMapsQTItest 
runtime system the QTI NewAPIS engine communicates with a 
middleware that mediates the interpretation of gMapsQTItests by 
processing all the elements related to questions dealing with maps. 
According to the principle adopted in the model the implementation is 
based on separating the QTI elements from the issues that are specifically 
related to maps. NewAPIS (the QTI engine used in this dissertation, see 
Chapter Two, Section 2.3.1) processes the QTI XML files associated with 
the test and the items (Figure 14, step 1). The XML map file is referenced 
from the itemBody of the question (assessmentItem) through the 
multimedia interaction element, InteractiveMap in our case (see the red 
box in Figure 14, ITEM1.XML). When newAPIS detects a QTIMaps 
element, it calls the middleware (Figure 14,  step 2) which parses the 
QTIMaps XMLs and generates the code necessary to set the right 
GoogleMap (Figure 14, step 3), the functions that process the user’s 
actions on the map converting them into QTI responses that can be 
managed by newAPIS (Figure, step 4). NewAPIS and the middleware 
also generate an XHTML code and insert it into a web page that presents 
the test (Figure 14, step 5). This XHTML contains JavaScript functions 
that call the Google Maps API (Figure 14, step 6). The users can interact 
with the questions and submit the answers which are computed by 
newAPIS and the middleware (Figure 14, steps 7 and 8). Finally the 
results and feedback are shown to the user (Figure 14, step 9).  
 

 

Figure 14. Communication between newAPIS and Google Maps using the 
middleware 
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It is important to remark that providing support for other mapping 
solutions, as the WMS standard, would only require middleware 
modifications and not in newAPIS. 

 

4.2.4 QTIMaps: Experimental design, Case Study 
To validate the fitness-for-purpose of the QTIMaps PSM from the point of 
view of educational benefits and usability, it has been used in two 
authentic learning situations with real users. Both are structured as a case 
study and analyzed following a mixed evaluation method (Martinez et al., 
2003) using several quantitative and qualitative techniques (see Table 5), 
due to the many contextual factors regarding the students and the teachers.  

Table 5. QTIMaps case study: data collection techniques 
Data source Type of data Labels 

Questionnaires Quantitative and qualitatitive participant 
characteristics, expectations and opinions 
before interacting with a gMapsQTI test; 
evaluation of the experience after 
interacting with the test. 

[Pretest]  

[Posttest] 

[UPF-test] 

Observations Notes of observations (opinions done by 
the participants, behaviour, technical 
issues, incidents during the activities, 
etc.) taken by three researchers. 

[Observations] 

Automatic 
Data 

Students’ marks obtained in the 
gMapsQTI test. 

[Marks] 

Teacher 
interviews 

Qualitative teacher’s expectations, 
opinions and concerns before and after 
the experience. 

[TeacherComments]

 

The questions of the pre-test, the observations and teacher’ comments 
were used to evaluate the familiarity that students and teachers have with 
web maps applications, more precisely to answer the question: Did the 
students demonstrate interest in web map applications? The design of the 
experiences was targeted to understand the educational benefits of using 
QTIMaps. The questions of the post-test tried to collect data to answer the 
following research questions: (1) Did the students show a better “attitude 
to use” gMapsQTItests as compared with a traditional assessments (with 
blank-maps)? “Attitude to use” refers to the satisfaction/motivation 
shown by students in the assessment activity. (2) Did the students 
perceive the gMapsQTItest as more useful than a traditional one? 
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Usefulness refers to the extent to which a student believed that the 
information provided by the gMapsQTItest would be useful for their 
learning. Regarding the usability of the QTIMaps solution, the data 
collected in both cases allowed us to answer the following research 
question: Were the gMapsQTItest interactions easy to use/learn? 
“Usability” refers to the ease with which participants can use 
gMapsQTItest. 

 

 Main Case in a Secondary School in Catalonia: A formal 
assessment scenario involving a Geography class with 23 students, 
aged between 14 and 16 years, and their teacher in the high school 
DUC the Montblanc (IES DUC de Montblanc, 2011) in 2008. Several 
weeks before the exam, the teacher was interviewed in order to know 
his expectations, doubts and concerns of using an innovative test 
based on web maps. After presenting him the model and some 
gMapsQTItests examples in an one-hour session, he designed a test 
with 8 different questions (see two examples in Figure 15 and Figure 
16, and more details of the test, including a video and pictures, can be 
found at: http://193.145.50.210:8080/QTIMaps/index.html) tailored to 
the needs of the particular situation. The teacher took into account the 
students’ marks of the gMapsQTItest to compute the final subject 
mark (summative assessment). The gMapsQTIEditor was used to 
create the gMapsQTItest which contained different interactions 
defined in the QTIMaps model. The exam day, the main features of a 
gMapsQTItest were explained to the students, who completed the pre-
test, the gMapsQTI-tests designed by the teacher and the post-test. 

 Mini case, an informal open workshop, Science Week at the UPF: 
Students from different secondary schools visited an exhibition at the 
Pompeu Fabra University (UPF, 2011) premises during a Science 
Week, 23 students completed a gMapsQTItest with 8 questions 
related to the UPF buildings location using 6 different interaction 
types. It was an informal spatial thinking assessment scenario. We 
collected more opinions, expectations, technical issues and concerns 
of the participants interacting with the gMapsQTItest. As this case 
cannot be considered a formal assessment situation its value is more 
limited, and the data collected has been used to support or reject the 
conclusions achieved in the main case. 
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Figure 15. Question 2. Interaction method: draw. User input: line Validation rule: 
input contained into polygon 

 

 

Figure 16. Question 6. Interaction method: drag. User input: marker. Validation 
rule: input contained into polygon 

 
Results of the QTIMaps case study 

The three main findings and partial results obtained after the evaluation 
are summarized in Table 6.  

In this way, the partial results, together with their supporting arguments, 
are listed in a series of tables collected in Appendix C, Section C.1. All 
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the qualitative data collected were analysed using a tool called Nud*IST 
(Gahan & Hannibal, 1998). 

First we tried to answer whether students were interested in web map 
applications. When the teacher was asked about its practices and the 
familiarity of students with web map applications he said “my students 
learn geography using their course textbook, blank paper maps and in 
some cases I show them some maps extracted from Google Earth using 
the projector. I do not think my students use GoogleMaps at home 
[TeacherComments]” However, to the teacher’s surprise, 19/23 students 
had already used Google Maps out of curiosity [Pretest], and indicated 
that they liked its functionalities because they can explore using the maps. 
Some uses stated were: “…to learn where different countries in the world 
are located”; “…to find maps that I don’t find in others sources” and 
“…to see the countries such as Italy or cities as NewYork, which I like” 
[Pretest & Observations]. We found out that these students were familiar 
with web map applications, suggesting that they can use gMapsQTItest 
quite easily. This is supported by the third finding. 

The second finding shows the partial results regarding the educational 
benefits of the QTIMaps model. The data collected indicated that the 
gMapsQTItest elicited a positive students’ attitude, and that 
gMapsQTItests could be useful to learn and assess geographical skills. 
The teacher was satisfied with the designed gMapsQTItest, and especially 
glad about the accuracy of the answer computation of the feedback 
[TeacherComments]. Learners were somehow scared before the test 
“They seem very excited” [Observations], since their results would be part 
of the final mark, but not because of using technologies or an unfamiliar 
scenario. Despite it, there were positive comments after the 
gMapsQTItest, “… it is funny and useful to learn!”, “… I like this 
experience because normally we take exams on paper” [Posttest]. Explicit 
advantages for learning geographical stated were: “…I like it, because it 
doesn’t have limits and you have to think much more…It is more complete 
(than a traditional test with blank maps)”, “…it has been an amusing 
activity and it helps you to remember better”, “… I prefer these maps 
because I can interact with the computer” [Posttest]. This seems to 
indicate that interactions demand more active students’ participation 
helping them to remember better the concepts, in line with psychological 
studies  demonstrating that visual images (as web maps) have a beneficial 
impact in the memory ability of students (Robertson, 2000). Moreover, 
the mini case data support these findings with participants’ comments as: 
“I think that it is an interesting and enjoyable method to study geography 
(I hated this subject…)”,“...it is a different way to do an exam, because 
you enjoy doing these tasks and this helps to remember better your 
actions”[UPFtest].
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Table 6. Summary of findings, partial results and supporting data 
Findings Partial Results Support data 

1. The students are 
interested in web map 
applications using 
them to explore 
geographical 
information. 

The 89% of the students have used web 
map applications to find answers to their 
personal interests or to find information 
that they do not found in the course 
book. 

[Pretest]  
[Observations] 

[TeacherComments] 
The students’ familiarity with web maps 
facilitates the explanations of how to use 
gMapsQTItest. 

2. The use of 
gMapsQTItests elicits 
students’ positive 
attitudes. The 
approach seems to 
also provide 
significant learning 
benefits if it is used as 
formative or 
summative 
assessment tool. 

Students highlighted that when 
interacting with web maps: (a) they have 
more active participation with 
geographical data, (b) the test is more 
intuitive, and (a & b) help them to 
strengthen their geographical memory.  

 

[Posttest]  

[UPFtest]  

[Observations] 

 

Using the gMapsQTItest had a positive 
effect in their motivation. They like this 
test because the web maps contain 
enriched and updated geographical 
information. 

3. Students learn 
quickly how to use the 
different interactions. 
The difficulties were 
on the content of the 
questions and not 
related to the 
interactions.  

 

 

  

 

100% of students in the secondary 
school passed the test. 5 students had a 
mark of 4/8 (8 was the maximum score), 
6 students had a mark of 5/8, and 12 
students had a mark of 6/8. The average 
mark was 5.30 points. 

[Posttest] 

[UPFtest] 

[Observations] 

[Marks] 

The exam question with less correct 
answers (only 26.08%) was 6, which 
used the “point into polygon interaction 
using markers”. This interaction type 
was also used in questions1 and 3 more 
successfully answered (95.65% for 3). 

17 out of 46 students (both case studies) 
selected the “Draw lines and polygons” 
as the interaction most difficult to use. 
However, 56.52 % of the students 
answered correctly the exam question 
with this interaction and 78.26% of the 
students got it right in a question of this 
type of interaction in the informal 
workshop. 
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The third finding is about usability; in summary, users can learn and use 
gMapsQTItests quickly and effectively. Students said: “… I don’t have 
difficulties to answer any question”, “… all the functionalities (such as 
zoom, pan or drag markers) are very easy!” [Posttest]. Exam question 6 
(see Figure 16) was the one students failed most (17 of 23), but they got 
good results in questions 1 and 3, which required the same interaction 
type (dragging a set of markers to specific positions). This indicates that 
interaction and content difficulties are dissociated, which agrees with the 
teacher comment that question 6 was more difficult [TeacherComments]. 
This is supported too by the fact that the most difficult interaction type 
selected by the participants, “Draw lines and polygons”, namely by 17 of 
the 46, (see Figure 15) did not have an impact in questions using it having 
worse answers. Furthermore all the learners passed the exam (the average 
mark was 5.30 out of 8) [Marks]. These results, combined with the 
familiarity with web maps revealed in the pre-tests, showed that students 
understand all the functionalities in gMapsQTItest and can criticize 
problematic interactions, their opinions being very relevant. Overall, we 
can say that learners interacted with QTIMaps questions implemented in 
the test without difficulties of use.   

4.2.5 Other exemplary scenarios 

The two previous scenarios cover Rhind’s first and second types of 
questions for geographical skills (see Table 4). In this section, we present 
other exemplary CBT scenarios (based on real practices) that validate that 
the QTIMaps PSM is able to cover the rest of Rhind’s types, and other 
disciplines. These scenarios were proposed in an on-line course for 
teachers on integrating on-line geographical resources of the Balearic 
Islands in the K-12 curriculum (Cavada & Navarrete, 2010).  

Reasoning about changes in the territory of tourist areas 

In this scenario the Balearic Islands SDI (IDEIB, http://www.ideib.cat) is 
used to analyse how the territory has changed from the situation before 
the tourist boom of the 1960’s. The proposed activity consists in 
identifying which urban areas in the coast of a municipality of Minorca 
did not exist 50 years ago. Three WMS layers are used: the 2008 aerial 
photography (the last available), the one made in 1956 (digitized 
recently), and the municipalities’ borders. The learners have to draw the 
polygons of the areas that have appeared, which will be automatically 
compared to the correct ones. The map interaction is modelled as a draw 
method, where the user answer is a set of polygons and each of them is 
checked deciding whether it is contained inside the right one (applying a 
buffer to allow a margin of error). This is an example of a formative 
assessment activity, where the results of the test will be the basis for 
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debating how tourism has transformed the environment. In this scenario 
the third Rhind type of question is used.  

Reflecting about the Balearic fauna and flora space 

In this scenario, the learner is asked to find the areas where certain fauna 
and flora species coexist in the Balearic Islands. This helps them to 
identify the typical ecosystems of a Mediterranean island. This is an 
example of finding spatial patterns (4th Rhind’s question) within a 
formative assessment activity, where several WMS layers about 
biodiversity from the IDEIB are used. The type of interaction is similar to 
the previous one, where the learner has to draw polygons where the 
species coexist. In geographical terms, the species coverage overlap, and 
these correct solutions can be automatically computed and compared to 
the answers provided. 

Modeling a new railway line 

The learner is asked to propose the course for a new railway line in 
Majorca connecting the Alcúdia Bay to the current network. The learner is 
given a simplified model including some of the constraints that the line 
should satisfy. For instance, it should not go through protected natural 
areas and it should run close to existing roads. S/he is asked to draw the 
new line on the map, which will be automatically compared to the two 
main real alternatives. Draw is the interaction method with a line as user 
input. This scenario is an example of modeling, 5th Rhind’s question, and 
the assessment can be carried out either as formative or summative. 
Different WMS layers from the IDEIB are used in this scenario, such as 
railway and road networks, protected natural areas and recent aerial 
photography.  

 

4.2.6 Discussion 
The integration of interactive maps in learning technology solutions 
facilitates new ways to assess relevant higher-order skills such as in this 
case geographical skills and spatial thinking. The case of QTIMaps 
implementation enables the independence of the QTI engine and the 
multimedia Web 2.0 service. The code of both can be changed with 
minimal impact on the other one. The main contribution is that following 
this approach other new types of interactions could be implemented. In 
Appendix B Sections B.1.2 and B.1.3, we propose two patterns which 
provide the solutions for implementing this solution. 

The other contribution is the QTIMaps PSM. The QTIMaps model 
proposed extends the QTI standard with new interaction types for 
answering items that exploit the interactions supported by web maps, so 
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that new types of automatically corrected questions can be created. We 
showed that the model is applicable and supports a variety of assessment 
scenarios, from geography to biology among others.  

An implementation of the model, using the widely popular Google Maps 
as web map service and only requiring some specific middleware beyond 
a QTI engine has been presented. The integration of an existing Web 2.0 
service (Google Maps) is very helpful for developers because they do not 
have to develop a new graphical environment. In addition, this service is 
tested every day by a high quantity of users and this means that it is an 
easy-to-use tool. Furthermore, the Open API of the Web 2.0 service 
provides information and access to the complete code. 

The QTIMaps implementation has been evaluated in a case study 
including two real and different educational situations. The results show 
educational benefits going beyond assessment, such as enhancement of 
students’ motivation and memory reinforcement, related to the fact that 
students had to interact actively with web maps to answer the questions. 
Three additional assessment activities framed in different educational 
scenarios were described, and showed the potential of the use of the 
model. They cover geography and other fields where georeferencing is 
relevant.  

The QTIMaps PSM contributes to the CBT field in different lines. The 
results of the two experiments indicate that the implemented tools provide 
a better user experience. Web maps offer navigation possibilities, such as 
pan and zoom, which allow the learner to contextualize a question in the 
world (although this can be limited by the teacher) and encourage 
exploration. Web map viewers as Google Maps provide a familiar user-
friendly interface and its use removes barriers perceived by the students 
between classroom and outside world. The use of OGC compliant web 
maps gives access to an enormous source of layers with accurate 
information of different geographically related topics published through 
SDIs. Moreover, the information is continuously updated by the 
organizations that produce it, and consequently, once the teacher selects 
the map for the assessment, the map will always remain up-to-date. The 
combination of spatial relations and operators allows the teacher to define 
complex interactions that cannot be done through the existing QTI 
graphical interactions. Let us remark that the QTI graphical interactions – 
such as, for instance, SelectPointInteraction - use pixel coordinates and if 
the image in the question is changed or viewed in a different way, the 
interaction has to be re-defined again for the pixel coordinates of the new 
image. In this approach, the coordinates of the geographic elements do not 
change when the map appearance changes. This lack of flexibility and of 
semantics, provided by the information layers of maps, are important 
reasons to introduce and use the geographic interactions and not keep the 
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QTI graphic interactions.  While obtaining and publishing an appropriate 
map in a QTI graphical interaction can be a hard task, the use of web 
maps makes it much simpler: since the information is already available on 
the web, the teacher just needs to select the layers and the area of interest. 
In this section, we have shown that teachers have been able to design 
assessment activities based on the CBT Conceptual Domain after short 
sessions where the framework, the model, the tooling and some examples 
were presented.  

Next steps include carrying out a more extended evaluation of the use of 
the editor with teachers in order to measure the effort required to learn and 
apply the model. We also intend to combine the QTIMaps model with 
other learning specifications such as IMS LD or SCORM. This 
combination will allow teachers to include the assessment of geographical 
skills in their learning designs using educational technology standards in 
the whole cycle. The IMS Tools Interoperability working group (IMS, 
2007), is devoted to enhance the interoperability of tools within Learning 
Management Systems (LMS), and our approach can be seen as 
contributing to the cases studied by the group. First, our implementation 
based on a middleware communicating web maps services and a QTI 
engine under a strict separation principle can be easily generalized as 
facilitating interoperability. Second, the QTIMaps PSM can be used as a 
reference model to include other multimedia interactions, beyond web 
maps in new PSMs. Our future work considers extending it to those types 
of interactions related to time-based graphical representations (e.g. the 
multimedia service offered by the TimeLine project, (SIMILE, 2003)).   

 

4.3 Using contextual information for representing Tests 
The broad acceptance of mobile technology has led to a new educational 
paradigm known as mobile-learning (m-learning). As Jones & Jo (2004) 
clarified, m-learning includes the concept of anytime/anywhere in TEL. 
As has been introduced in Chapter Two, in the field of CBT new test tools 
have been developed in order to be used in mobile phones or PDAs. In 
this section, three systems are selected as examples that represent the 
characteristics and educational uses of common m-test approaches: 1) de-
Marcos et al. (2010) presented an experiment where they evaluated their 
own implementation for practicing online self-assessment test activities 
using mobile phones. They measured the improvement of achievement of 
knowledge with groups of three different courses. Their objective was to 
use the system to support traditional class-based learning. The study 
demonstrates that thanks to the motivation that those students showed 
using mobile phones to practise self-assessment activities, the students’ 
achievement improved. 2) Zhang et al. (2010) implemented a QTI engine 
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for supporting offline m-learning assessment. The system allows users to 
practice self-assessment having in local the tests that they want to 
practice. 3) Triantafillou et al. (2008) evaluated a Computerized Adaptive 
Test (CAT) prototype for mobile devices. The system adapts the questions 
taking into account the answers of the user. Their objective was to design 
a CAT solution that can be used anytime and anywhere, emphasizing 
again that students could use the solution to enhance their knowledge 
practicing self-assessment.  

The approaches presented are good representative examples that illustrate 
common m-test tools. The first two use QTI. The three studies concluded 
saying that the use of mobiles can enhance the field of CBT thanks to the 
fact that students can answer the test “anytime and anywhere”. Also, they 
found that the use of mobiles motivates the students to practice self-
assessment. However, none of these proposals is innovating in terms of 
assessing higher order skills. The added value of these solutions is 
basically focused on enabling students to answer tests wherever and 
whenever they want. 

Current mobile phones integrate features such as cameras, Internet 
connection, GPS, etc. Several researchers study the effect of using these 
features to support educational activities. Sharples et al. (2002) presented 
a study which explains how to support students to capture images, notes 
and sounds with their mobiles phones so that they can relate these data 
with existing web-based learning resources or share them with their class-
mates or teachers. Facer et al. (2004) explained how mobile technologies 
can be combined with principles of self-motivation and engagement to 
create an exploratory learning experience that support students in their 
interaction with the space and with other players. Huang, Lin, & Cheng, 
(2009) described how the GPS and the camera of a mobile phone can be 
used to create an innovating activity for learning botany outside the 
classroom. Finally, Hwang & Chang (2011) research the use of mobile 
devices, wireless communication and context awareness to assess in situ 
the knowledge of students about local culture in Taiwan. They did a 
control experiment where they compare the answering of questions using 
a traditional guide-tour application versus a PDA with a Formative 
Assessment-based Mobile Learning application (FAML). The aim of the 
experiment was to analyse the effect of providing adaptive methods 
during the performance of an assessment in situ activity. However, in this 
case the authors do not exploit the possibilities of location-based systems 
to geolocalize and automatically deliver the assessment questions in situ. 

The previous examples illustrate context-aware activities that consider the 
space outside the classroom as an adequate location for learning and 
assessing students’ skills. The integration of the GPS in smart-phones has 
been a success and has turned mobile phones into location-based systems 
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(LBS). The LBS feature of mobiles phones has been combined with the 
augmented reality paradigm to develop applications where people use 
their mobiles to superimposed (or view) digital information to real 
positions in the world (Mackay, 1998). In this context, it becomes 
important to identify the purposes of using context-aware mechanisms 
when designing mobile ubiquitous learning/assessment experiences. 
Nova, Girardin, & Dillenbourg (2005) performed an experiment where 
groups of students had to collaborate using Tablet PCs. The game 
CatchBob! consists in finding a virtual object in a campus by 
collaborating with team mates. As an experimental condition they studied 
the effect of using (or not) context-aware mechanisms with different 
groups. All the groups had the possibility of sending notations to their 
partners. The groups without context-aware mechanisms had better 
communication with their partners than the groups that had the awareness. 
Their conclusion was that “location is not enough”: space and location-
awareness are interesting information that can be used in ubiquitous 
experiences but it cannot be limited to a simple broadcast of people’s 
positions. An example of authoring tool that enables people to design and 
play ubiquitous location-based activities using a mobile phone (with GPS 
and Windows Mobile) is Mscape (Stenton et al., 2007). A specific web 
site for educators (see http://www.createascape.org.uk/ ) explains how to 
create learning activities using this tool. An author can associate a 
learning resource (an HTML, audio, or text) with a real coordinate. Then a 
route can be created and played through a mobile phone. When users are 
situated with their mobile phone in a location of the route, an event 
appears on the mobile screen and the user can view the information of the 
resource. Until now the educational experiences designed with Mscape 
have been realised with learning purposes and not with assessment 
purposes.  

Considering the current features that smart-phones integrate and the type 
of activities that have been designed using mobiles with assessment 
purposes, this dissertation states that new types of assessment activities 
based on test and mediated by mobiles phones can be implemented. 
According to some of the researchers cited above (de-Marcos et al., 2010; 
Facer et al., 2004; Hwang & Chang, 2011) and others studies (Naismith et 
al., 2004) the use of mobile devices has a positive impact in the students’ 
motivation and learning. The studies agree that these devices engage 
students’ participation in the activity. In this sense, we also think that 
students need to have some control in assessment activities, encouraging 
its participation. 

 



Implementing and experimenting advanced CBT 

95 
 

4.3.1 Application case: contextual awareness for 
representing tests and assessment in situ activities 

From the previous basis this dissertation proposes a new type of CBT 
activity based on m-learning and context-aware learning and refer to it as 
an Assessment in situ activity, published in (P. Santos et al., 2011). The 
majority of the m-test solutions have in common that they focus their 
attention on creating tools for being used anytime and anywhere. In fact 
they use mobile phones because these devices are place-independent and 
then the students can use them in their free time (e.g. while they are 
travelling or at home) to practice self-assessment activities. But these 
approaches do not exploit mobiles to design new types of assessment 
activities. This application case focuses on assessment activities that 
cannot be practiced without mobile devices, and on the contrary to other 
m-test activities, they are dependent of specific locations. The words in 
situ mean that questions only can be answered when users are correctly 
placed in a specific location. Each question is associated with a real 
geographic coordinate, when the user is in an area near of the coordinate 
the question can be answered using a smart-phone. Students need to be 
located in situ in the correct place because they will need to interact with 
the environment (observing, touching, talking with people, etc.) in order 
to understand the question and answer it. In an assessment in situ activity 
students put into practice transversal skills such as exploration, spatial and 
observation besides of the specific skills related with the content of the 
test. Current m-test tools are student-centered solutions where the focus of 
the activity is the student and the teacher has a secondary (or invisible) 
role. In our approach teachers have an important role. They create but also 
orchestrate the activity, monitoring all the actions of their students in real 
time.    

An assessment in situ activity can be divided into two different types: (1) 
Assessment in (virtual) situ: the student does not need to be physically in 
the real position related to the question for answering it; the questions are 
positioned in a web map through a web based application and students 
answer the questions using the information that the map contains. In this 
case students need to be aware of the contextual information of the web 
map. (2) Assessment in (real) situ: a question is associated to a real 
physical space. The structure of the activity determines that the questions 
have to be answered using a mobile device located in the real 
geographical position because students have to observe or interact with 
the environment. They need to have physical context-awareness in order 
to answer the question. The students have to follow a route, for this reason 
orchestrating the provision of questions and feedback is very important 
for guiding the students during the activity. The feedback has to help the 
students to reflect about the answers, but also has to indicate the itinerary 
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that they have to follow in order to find the next questions. An assessment 
in (real) situ activity can be only performed using a mobile device; 
whereas an assessment in (virtual) situ activity is based on computer web 
access. 

Then the Test is represented by contextual information (real or virtual) 
where questions have to be geolocated. Students need to observe and 
interact with the context in order to understand the goal of the whole test. 

Normally in a test activity teachers create the test and after its completion, 
they see the results obtained by the students. In the case of assessment in 
situ activities, a higher involvement of the teacher is required. They can 
know in real time where their students are and the results obtained by each 
student during the route and adapt the feedbacks/hints considering the 
students’ locations.  

The following sections are focused on studying an assessment in (real) 
situ application case. Specifically, we analyse the use of geolocation 
information to make possible the automatic visualization of assessment 
resources when students are correctly located in the desired 
emplacements. 

4.3.2 QuesTInSitu: The corresponding CBT-PSM  
In the Geography and History subject of the second bachelor course of the 
high school DUC de Montblanc in Rubí (IES DUC de Montblanc, 2011), 
Catalonia (Spain), one of the topics that the educator teaches during the 
course is the Barcelona’s town planning (the details of the specific 
scenario are described in the next section). In order to assess in situ the 
exploration and spatial skills of the students, a practical assessment 
activity where the students visit the district studied was done. The CBT 
framework (see Chapter Three, Section 3.3) was used to design the 
assessment activity, the test and the question-items. In this case, the 
learning environment influences directly in the design of the interaction 
context of the Test. The teacher wanted to assess the town-planning skills 
of their students in situ. Students have to interact with the physical 
environment of the city in order to answer the questions. Then, the 
interaction context of the test had to be the city itself. The questions have 
to be associated to real positions and distributed as a route in the city. 
Considering these factors two type of technological devices can be used: 
computers to design the assessment activity, and mobile phone with GPS 
to answer the geolocated questions in situ. This assessment activity takes 
advantage of technology to advance in the representation of the test, but 
the questions can be traditional types of question-items. However, the use 
of a mobile device in a physical environment where students need to have 
context awareness has a direct effect on the actions that student has to do 
for answering the question. Then although the type of questions can be 
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traditional (e.g. multiple choice questions), the way of representing the 
test in this case increased the sophistication of the questions. 

This scenario innovates especially in the Test dimension. The CBT-PIM 
Test (see Chapter Three, Section 3.4.1) was used to create the 
corresponding PSM model: QuesTInSitu (P. Santos et al., 2011). The 
QuesTInSitu PSM (Figure 17) enables the creation of geolocated QTI 
questions organized as routes (Item Distribution) over a map provided by 
the GoogleMaps service. The QTI questions are associated to real GPS 
coordinates. In this case two types of interactionContexts are used to 
represent the Test dimension: (1) On the one hand, an interactive map 
from Google Maps is used as virtual interaction context where questions 
are associated to GPS coordinates. (2) On the other hand, students have to 
be physically in a real space (a city, a natural park…) which corresponds 
to the real area of the map used to geolocated the questions. 
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Figure 17. QuesTInSitu-PSM. The new extended QuesTInSitu elements are represented in grey, the elements that follow the QTI standard in 
white. 
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An assessment activity using QuesTInSitu was carried out with real 
students and teachers (details in the Section 4.3.4). The class was divided 
into six groups. Each group visited a different district of Barcelona. The 
teacher had previously designed six different routes (tests) with associated 
QTI questions (Multiple Choice, Multiple Response and Yes/No). 
Although the questions were traditional questions, they do not innovate in 
terms of the interaction context and user input. The innovation in this case 
fell over the presentation of the test (a route using a map and questions 
associated to real spaces) and the user actions that the students had to do 
to answer the questions (observe the environment, touch the material of a 
building, talk with the citizens, etc.). Due to the characteristics of the 
different districts some groups used the GPS of the mobile phone (ICT 
support) and others did not.  

 
4.3.3 QuesTInSitu: A system to enable test-routes 
QuesTInSitu (P. Santos et al., 2010; P. Santos et al., 2011) is a web-based 
system designed and built, during the period of this PhD thesis, to support 
assessment in situ activities based on tests. Using its Graphical User 
Interface (GUI) an author can create two types of assessment in situ 
activities: assessment in real & virtual situ. Currently the web map 
application used to play the questions is Google Maps, but it could be 
extended to other web map tools. In this section, we describe the main 
functionalities of QuesTInSitu for the authors (teachers) and for the 
students, and the components which conforms the architecture of the 
system. QuesTInSitu has a mobile web version that allows students to 
follow the assessment in situ activities, answering the questions, receiving 
feedback and score in situ and personalizing the questions with their own 
pictures and comments using a smart-phone. 

QuesTInSitu functionalities 

Teachers can use QuesTInSitu to create three types of QTI v2.1 questions: 
Multiple Choice, Multiple Response and Yes/No (see Figure 18). A user-
friendly editor shows the necessary steps that have to be fulfilled in order 
to create the geolocated question. Teachers have to introduce the text of 
the question, the response/s and select the correct answer and feedback. 
After that, they have to geolocate the question in a Google Maps window, 
searching the position desired and clicking over the location so a 
coordinate is associated to the question. As a result, the question is created 
and positioned in the map. 
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Figure 18. QuesTInSitu QTI geolocated question creator 
 
When teachers have created a set of questions, they can create a test (or 
which is the same a route in QuesTInSitu) using the Route creator 
section. First, they have to introduce the name of the route, and then they 
can: (1) search and select the question that they want from a web map 
view (where all the questions that are located in the system are shown); or 
(2) select the question from a combo box that contains all the names of the 
questions saved in the system. Also authors can manage the routes 
created, adding or deleting questions. 

In order to verify that the questions of the route are well designed, authors 
can check the questions directly from the QuesTInSitu player application. 
To do this they have to go to the Answer Questions section and select the 
route (test) they want to answer. A web map appears with different 
markers (one per question), when a marker is selected a speech bubble 
appears with the text of the question (see Figure 19 ).Once the question is 
answered, it is automatically corrected. When the answer is correct the 
bubble (and the marker) appears in green, when it is incorrect it appears in 
red. Before answering a question the marker is white with a red point in 
the middle. 
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Figure 19. QuesTInSitu selecting a route and answering a question 

 
When QuesTInSitu is used for implementing in real situ activities, 
students have to follow the route (test) equipped with smart-phones. In the 
case that the route has GPS signal infrastructure, when students are 
positioned in a radius that contains a geolocated question, a question 
appears automatically in the screen of the phone. On the contrary, if the 
zone does not receive well the GPS signal, the questions have to be 
selected manually by the students. More details about this process are 
explained in The system architecture subsection.  

Teachers can monitor the activity in real time using the Monitor feature of 
QuesTInSitu (see Figure 20). After selecting the route that they want to 
monitor, a set of markers (corresponding to the questions of this route) 
appears. The markers in yellow are questions that have been answered by 
the students that are doing the route. Selecting one of these yellow 
markers teachers know the punctuation achieved by a student in the 
question. With this information they can know approximately where the 
students are and their progress in the activity. 
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Figure 20. Monitoring group performance during the route 
 
Once the students answer a question, the system corrects it and shows the 
score and the feedback associated to this question (in green when is 
correct and in red when is incorrect) (see Figure 21 (a)). The feedback is a 
message, pre-designed by a teacher, that shows which was the correct 
answer and also explains the next steps that the students have to follow.  

 

Figure 21. QuesTInSitu mobile web interface (a) Example of an answered QTI 
question visualized through a mobile phone (b) Example of image and comment 

added by a student associated to a question 
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The information of the answered questions is saved in the system. The 
students can review it whenever they want although the activity is 
finished. They only have to access to the QuesTInSitu system with their 
username and password and they can see their history of questions and 
responses. Moreover, the students can enrich and personalize the 
questions with comments and images (taken during the route with the 
smart-phone or a camera, or downloaded from Internet), see Figure 21 (b). 
These data are shared with the other students that also have answered the 
same question.  

In the main case (see Discovering Barcelona!, in the next section), a first 
version of QuesTInSitu Mobile was used. After the experiment, a new 
version was implemented and evaluated in another experiment 
“Discovering Sant Llorenç del Munt” (see Figure 21). The new version 
improves the functionalities especially designed to be used with mobiles. 
The so-called QTISM, includes the functionalities implemented in the 
older one, and moreover includes the following ones:  

- QTISM controls the current position of the mobile constantly, when 
the position coincides with the coordinate associated to a question the 
question appears in the mobile phone screen. QTISM read the list of 
questions associated to the same route, and manages this information 
to show the necessary information in the correct moment. 

- A map where the position of the student and the position of the next 
question is showed. Students can use this map to know where the next 
question is located. In addition, a textual message under the map 
indicates the short path to find the question. 

 
Figure 22. QTISM: map showing the position of the student and the next 

question 
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The system architecture  

The architecture (see Figure 23) comprises four different components:  

 

Figure 23. System Architecture 
 
(1) QuesTInSitu is a Java Server Pages (JSP) application used to design, 
play and implement assessment in situ activities. Its control module has 
been developed to make possible the management of the following 
applications: QTI Engine, a Web Map Service and a Location Based 
System. (2) NewAPIS is the engine which interprets de QTI questions 
compliant with QTI v2.1) (Blat et al., 2007). This engine in characterized 
for being capable of dealing with test and complex response processing. 
Both, QuesTInSitu and NewAPIS share the same data base storing all the 
information related to the questions, the test-routes, the users and the 
maps. QuesTInSitu is connected with the third component (3) Google 
Maps. This server provides the necessary web maps to the system in order 
to associate questions with real coordinates and visualize them in a web 
map. Google Maps can be substituted in the future by another web map 
application (e.g. Yahoo!Maps or OpenStreetMap). Finally the fourth 
component (4) is a Location Based System. The version of QuesTInSitu 
used in the experiments of this paper did not have implemented its own 
module for locating the position of a mobile using the information of the 
GPS. This feature is necessary to know the position of a user and then 
throw an event with the associated question. As a proof of concept, 
QuesTInSitu used the Mscape system (previously described in Section 
4.3) to manage the geolocated data. The maps created with QuesTInSitu 



Implementing and experimenting advanced CBT 

105 
 

and Mscape share the coordinates marked in QuesTInSitu. Mscape was 
installed in the mobiles, when a user was doing the route with the smart-
phone and Mscape received the position from the GPS. When a pre-
determined position was found, a link appears in the mobile and the user 
could connect with QuesTInSitu in order to answer the questions. 

QuesTInSitu allows students to follow the test-route while they are 
walking. They have to use a smart-phone with Internet connection, GPS 
and camera. Meanwhile, teachers can monitor the student’s progress on 
the activity via the QuesTInSitu’s web Graphical User Interface (GUI) 
application. 

It is important to remark that the architecture reflects that the most 
important aspect of this system is the combination of an assessment 
engine with a Web Map Service and a Location based System, so as to 
exploit their features for creating assessment in situ activities. 

 

4.3.4 QuesTInSitu: Experimental design, Case Study 
The objective of this evaluation is to find results that help us to validate 
the following statement: “Enriched assessment activities that facilitate the 
students’ learning in situ can be achieved with the QuesTInSitu system.”  

This section presents four scenarios evidencing the value of the 
QuesTInSitu system for creating assessment in situ activities (see Figure 
24). A first experiment, evaluated as a case study (Stake, 1995), was done 
in a real educational activity for learning town-planning concepts about 
the city of Barcelona. A total of 34 students (boys and girls with an 
average of 17 years old) and two teachers participated. The QuesTInSitu 
system was used to enhance an activity performed the previous years. The 
technological solution facilitates the automatic provision of questions 
when students are located in the correct positions. Besides, teachers can 
monitor the students’ responses and the provision of feedback and score in 
real time. In the experiment we analyse how the use of the GPS (versus 
not using it) affects the performance of the activity and students’ 
behaviour. The evaluation of the case is performed with the aim of 
analysing the learning benefits, for students and teachers, of the 
assessment in situ activity created with QuesTInSitu.  

After evaluating the first experiment, some functionalities of QuesTInSitu 
were improved considering the results of the evaluation. A second 
experiment was realised. The assessment activity was done in a natural 
park, Sant Llorenç del Munt, and the goal was to learn/assess botany 
concepts and skills in situ. This is evaluated as a mini case, because only 7 
students and their teacher participated in the CBT scenario implemented. 
However, the design of the activity allowed us to understand better the use 
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of technologies to support contextual awareness assessment activities. In 
addition, we used the results obtained to support or reject the findings 
obtained in the main case. Next, with the objective of illustrating that the 
QuesTInSitu’s test-routes are useful to enrich existing assessment 
practices two examples of scenarios are also included in the paper. The 
first example, example A, helps us to show that QuesTInSitu can be used 
to enhance a ubiquitous approach proposed by others authors. Huang et al. 
(2009), presented a Mobile Plant Learning System that facilitates the 
learning of botany using PDAs and GPS in open spaces. Using 
QuesTInSitu the activity can be enriched by means of the inclusion of 
automatic assessment in situ. In the second example, example B, a 
hypothetic situation based on real practices, exemplifies that QuesTInSitu 
can be used to facilitate and support the performance of cultural itineraries 
with assessment purposes. The system offers the possibility of geolocating 
questions in the same geographical coordinates that the selected itinerary 
has.  

 Enriched Assesment: 
Assessment in situ 

1. Two experiments 
carried out in real 
educational scenarios 
based on previous 
practices 
 
Enhancing previous  
educational practices 

2. Example A: Extension 
of a Third Party mobile 
ubiquitous experiment 
 
 
 
Advancing a related 
research 

3. Example B: Existing 
best practices proposed 
by teachers 
 
 
 
Facilitating an 
educational practice 

 
Different Educational Disciplines 

 
Figure 24. Graphic representation of the scenarios used in the evaluation 

 
The first scenario, Discovering Barcelona, is the scenario which has been 
evaluated as a case study.  This scenario includes on the one hand the 
description of the design of the experiment and on the other hand the 
analysis of the experiment following the guidelines defined by the 
evaluation method proposed in (Martinez et al., 2003). The research 
question of the experiment was focused on analysing the educational 
benefits of using QuesTInSitu with smart-phones to perform an 
assessment in situ activity.  

Then, although the mini case (Sant LLorenç del Munt) also was evaluated 
with real students and teachers this is explained in a separate section 
because the results obtained only can be used to confirm/reject the 
findings obtained in the first experiment. Finally, example A and B are 
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have not been evaluated following an experiment with real users. 
However, these additional scenarios have been included to illustrate 
different uses of QuesTInSitu for different educational disciplines. 

Main case: Discovering Barcelona with QuesTInSitu 

A real assessment in situ activity using QuesTInSitu was implemented 
and realised by a group of high school students and their teachers. The 
activity was an adaptation of an activity carried out in previous years 
where teachers explored with their students a district of Barcelona 
(without using any technological solution). The aim was to use 
QuesTInSitu to enhance the activity with enriched assessment in situ.  

Educational Context 

The educational context was framed at the Duc de Montblanc (IES DUC 
de Montblanc, 2011) High School in Rubí, Catalonia (Spain). The 
assessment activity involved a Geography and History class with 34 
students, 12 boys and 22 girls aged between 17 and 19 years, and two 
teachers (the main teacher and an assistant). This is a mandatory subject in 
the second year of the humanistic high school degree. One of the topics 
that the students learn during the course is the Barcelona’s town planning. 
The teachers explain the main characteristics of the different districts 
(architecture, society, public services, etc.). In past years they organized 
an activity to visit a district of Barcelona. In this activity, the students 
carried a dossier with questions that they had to complete during the visit 
or at home. In the meantime the teachers accompanied the students and 
explained the main characteristics of the area. After the visit, the students 
had to prepare a work of the district using the questions that they 
completed and their notes. The main teacher had an experience of 30 
years teaching Geography and History, and the assistant of 4 years. The 
main teacher was in charge of teaching and assessing all the material 
contained in the educational curriculum of the subject. The assistant 
helped the main teacher in particular occasions such as the realisation of 
an activity outside the classroom. Neither of them had experience using 
smart-phones nor mobile devices with learning/assessment purposes. But 
they thought the inclusion of these technologies would improve the 
students’ motivation to learn Geography and History. 

Two researchers and the teachers had meetings and exchanged 
information with the objective of identifying the main problems of 
previous activities. The re-design of the activity was discussed and agreed 
with the teachers following a participatory design process (Schuler & 
Namioka, 1993). The problems detected were: (1) Students only visited a 
unique district with their teacher. Teachers had to accompany the students 
to verify that students were following the correct itinerary and exploring 
the environment during the route. It was a hard task to monitor the work 
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done by the students during the route. (2) The students answered 
questions during the visit but they did not know the correct answer of the 
questions until the teachers corrected the tests (because they did not have 
time during the route to attend every student). The students lost the 
opportunity of reflecting in situ about the answers to the questions.  

The discussions led to re-design QuesTInSitu and to propose an 
experiment to analyse the new assessment in situ activity for discovering 
Barcelona. The objective was to enhance the old activity using a 
technological solution. The QuesTInSitu system had to allow teachers to 
distribute their students around different districts. The teachers should 
know the location of their students in real time. The solution should also 
help students to reflect in situ the answers delivered and to guide them 
during the route. These aspects were introduced as functionalities in 
QuesTInSitu in order to create a formative assessment in situ activity. 

When the system was ready to be used, the teachers decided to make 6 
groups of students. Each one would visit a different district of Barcelona 
(Les Corts, Eixample, Sarrià, Gràcia, Sant Martí and Ciutat Vella). 
QuesTInSitu was used to create the questions of a total of six routes. 
Before doing the real experience, the researches performed some trials 
where they detected that the integrated GPS of the mobiles did not work 
in three of the six districts (Gràcia, Sarrià and Ciutat Vella) due to the 
architectural characteristics of some streets. And in one district (Sant 
Martí) the GPS only worked in the half of the route created. The solution 
applied was that in the three cases that the GPS did not work, the students 
would have to select manually the questions (from an HTML page that 
would be included in the mobile) when they were in front of a question 
position. To know when a question has to be selected, the students would 
carry a paper map that would indicate the position of the questions. For 
the two districts (Les Corts and Eixample) where the GPS worked 
perfectly and for the district that the GPS worked in the half of the route 
(Sant Martí) the researchers installed Mscape in the mobiles. They 
adapted the routes and events designed with QuesTInSitu and created the 
maps in Mscape which were saved in the mobiles. This task was done by 
the researchers because the teachers did not have the enough technical 
knowledge to use Mscape and install it in the mobiles. When the groups 
with GPS would be following the route the events would appear 
automatically in the mobile and the students could read and answer the 
question. The groups of Les Corts and Eixample districts would carry 
with themselves a paper map where the position of the questions would 
not be indicated. In the case of the Sant Martí district, the group would 
carry a paper-map where only the positions of those questions where the 
GPS did not work would be indicated. The groups that used the GPS and 
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the groups that not used it were compared, so as to understand the 
differences between the groups during the performance of the activity. 

Research question and objectives  

The experiment was realised with the objective of answering the 
following main research question: Can the QuesTInSitu system support 
an assessment in situ activity by facilitating learning benefits that are 
difficult to achieve without technology?  

In order to satisfactorily answer this question the results obtained after the 
evaluation of the Discovering Barcelona experiment must demonstrate 
that QuesTInSitu accomplishes the following features: 

QuesTInSitu must be able to:  

 Give support in situ for students during a ubiquitous assessment 
activity. Students have to be able of answering the questions in situ, 
receiving the feedback and the score immediately afterwards. The 
provision of the feedback in situ has to help them to reflect about the 
question in the adequate spatial location. Besides the feedback also 
has to help them to find the correct way of the route.  

 Allow students to share their knowledge. The students have to be 
able of personalizing the questions with pictures of the place and their 
own notations. This information has to be shared with other partners 
that also have answered the same question.  

 On the other hand, it has to facilitate teachers the task of creating 
assessment in situ activities.  Teachers have to be able of creating the 
questions and test-routes that conforms the activity using the 
functionalities provided by the QuesTInSitu’s GUI.  

 And also, during the realization of the activity, teachers have to 
monitor in real time the progress of the students. The information 
provided to the teachers has to be useful for controlling the 
effectiveness of the activity. Teachers need to know where their 
students are located during the activity in order to detect that students 
are following the route correctly. Also they have to know whether 
students are answering correctly the questions, in order to detect 
misunderstandings.  

 The way of structuring the activity with smart-phones and 
QuesTInSitu during the ubiquitous assessment activity has to 
encourage the students to explore the environment. The 
technology used has to be useful to motivate the students to answer 
geolocated questions. Pintrich (2003) claimed that from a 
motivational perspective the role of students’ motivation in learning 
contexts helps to understand whether students learn and thrive. An 
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important task during the evaluation is to detect the most motivational 
elements of the activity.  

 Moreover, the activity has to facilitate the student learning about 
town-planning concepts. The results of the evaluation have to 
evidence that the technological solution helps the students in their 
tasks during the activity and have a positive effect in their acquisition 
of learning.  

Methodology and Data Gathering Techniques 

Table 7. Data collection techniques 
Data source Type of data Labels 

(t= teachers and  
st= students) 

Pre-Quest Quantitative and qualitative answers of the 
students used to know the previous knowledge 
about the districts. 

[Pre-quest] 

Questionnaire-
students-route 

Quantitative and qualitative answers of the 
students, after visiting the district. 

[Q-st-route] 

Final-
Questionnaire-
students 

Quantitative and qualitative answers of the 
students, after doing the whole experience (see 
phases of the activity in section 4.1.3). 

[Q-st-final] 

 

Questionnaire-
teachers- 
route 

Quantitative and qualitative answers of the 
teachers, after using the QuesTInSitu 
application. 

[Q-t-route] 

Final-
Questionnaire-
teachers 

Quantitative and qualitative answers of the 
teachers, after assessing the whole experience 
(routes with smart-phones + presentations of the 
districts). 

[Q-t-final] 

 

Teacher 
interviews 

Notes taken in discussions with the main 
teacher. 

[TeacherComments]

Observations-
route 

Observers’ notations and observations extracted 
from the videos during the discovering of the 
district phase (see Section 4.1.3) made to the 
students and the two teachers. 

[O-st-route] 

[O-t-route] 

Observations-
Final 

Observers’ notations and observations extracted 
from videos (during reflection of the district 
phase (see section 4.1.3) made to the students. 

[O-st-final] 

 

Automatic 
Data 

Students’ marks obtained in the test-route. [Marks] 
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As explained in the Introduction of this Chapter, the mixed method 
proposed by Martinez et al. (2003) was selected again for doing the 
evaluation of the experiment due the characteristics of the educational 
context. This was the most suitable method because its mixed nature 
provides guidelines that facilitate the understanding of the experiment. On 
the one hand, the method indicates that qualitative data such as the 
participants’ perspective can be collected using data sources such as: 
observations, interviews and questionnaires (with open questions). On the 
other hand, the guidelines of the method also indicate that it is necessary 
to collect quantitative data such as: the occurrence of actions during the 
activity, the data saved in QuesTInSitu or the answers to closed questions 
in questionnaires. Quantitative data are used to detect tendencies, which 
are confirmed or rejected through the analysis of the qualitative data. The 
different data gathering techniques used for the evaluation are described 
in Table 7. 

After using the mixed evaluation method to collect data, two researchers 
followed a member checking approach in order to analyze the information 
achieved. The data collected from the students and teachers 
questionnaires, direct observations during the experience (with observers’ 
notations and video recordings), and interviews, were first analyzed and 
next triangulated by each researcher separately and finally compared in 
order to obtain trustworthy results. Member checking is identified by 
(Lincoln & Guba, 1985) as the best method for increasing the credibility 
of the analysis of qualitative information. 

Experiment procedure and measurement techniques 

In April 2010, the formative assessment activity called “Discovering 
Barcelona!” was performed. It was divided into four different phases: (1) 
Assigning Districts, (2) Discovering the District, (3) Reflect about your 
district and (4) Test your colleagues. Phase 2 was the assessment in situ 
activity, this paper focuses the attention on this phase but we also explain 
the others because it helps to understand the whole activity. The phases 
are explained in what follows: 

(1) Assigning Districts (Diagnostic Assessment): before going to visit 
the districts, the teachers explained the activity to the students. The 
researches sent an e-mail to all the students with a pre-questionnaire [Pre-
Quest]. The questionnaire was used as a method of diagnostic assessment, 
to know which district the students preferred to visit, but it also contained 
questions about the six districts. The preferences, the answers to the 
questions and the teachers’ criterion were used to assign districts and form 
balanced groups. On the one hand, when the majority of the students in 
the same group answered incorrectly a question of a specific district then 
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the district with more fails was assigned to the group. On the other hand, 
when the majority of the students of a group answered correctly the 
questions of the six districts then the district assigned was the most voted 
by the members of this group.  

(2) Discovering Barcelona (Assessment in situ): in this phase the 
students visited the six selected districts of Barcelona. The activity 
consisted in assessing the transversal and specific knowledge and skills of 
the students in situ, using the routes designed by the teachers. Each route 
had QTI questions (with an average of 12 questions per route). The final 
score obtained after doing the test-route counting for the students’ final 
mark. Each group of students carried a mobile with GPS, Internet and 
camera. The mobiles phones were the Samsung Omnia I and II models. 
As we mentioned above, in some districts the GPS did not work correctly, 
for this reason the groups were organized as follows: Eixample and Les 
Corts (used GPS), Sant Martí (used in some positions of the route the 
GPS) and finally, Ciutat Vella, Gràcia and Sarrià (did not use the GPS). 
All the students had to answer the QTI questions when they were located 
inside of a question-area. The consequences of using (or not using the 
GPS) were compared and evaluated during the experiment in order to 
understand the benefits/limitations of using GPS to control the 
visualization of questions. 

Due the novelty of the experiment the students visited the district assigned 
in groups. Every group was accompanied by a monitor who assigned roles 
for giving a responsibility and involve each student in the assessment 
activity: the person who carried the mobile and selected the questions was 
the “Mobile Phone Manager”, the “Photographer” who took pictures of 
the district, the person who took notes of the correct and incorrect 
questions was the “Question Helper”, the “Observer” who annotated the 
characteristics of the district, and finallythe person who carried the map of 
the zone who was the “Guide”. When groups had more than five students 
some of them played the same role.  

The groups had 2 hours for completing the route. During the route they 
had to answer a set of questions which were related with the 
characteristics of specific important areas of the itinerary. When the group 
was in an area with a question, if they used the GPS with Mscape an event 
appeared in the screen of the phone alerting them that they were in a 
question-area. Then the students press a link that connects with the 
associated question in QuesTInSitu. In the cases that the groups did not 
use the GPS the Guide student had to alert the Mobile Phone Manager 
that they were in an area with an associated question. In both cases the 
Mobile Phone Manager selected and read the question aloud. The groups 
discussed the possible answers looking at the environment or asking to the 
citizens who were in the zone. Finally the responsible of the mobile had to 
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select the answer (or answers) that the group decided as correct. After it, 
QuesTInSitu computed the answer and showed the result (correct or 
incorrect) and the feedback. The Question helper annotated the result. 
They read the feedback that indicated which streets they had to follow in 
order to arrive to the next question-area. During the route the 
Photographer took photographs of the streets, buildings and other 
elements. The Observer wrote the main characteristics of the district in 
relation with the questions. Once they finished the route, the monitor 
explained them that they could check the questions and their answers in 
the QuestInSitu system. They could also use the system (using the 
computer or a smart-phone) to upload the pictures and comments and 
associate them to each specific question. At the end of the route the 
punctuations achieved by all the groups were stored in QuesTInSitu 
[Automatic-Data]. During the route the monitors took observations [O-st-
route]. Finally the students answered a questionnaire [Q-st-route] 
distributed by the monitor to collect quantitative and qualitative data from 
the students to evaluate the experience.  

During this phase, the teachers were located in a room monitoring the 
activity done by the six groups using the QuesTInSitu application with a 
computer. They could select one of the six possible routes and know in 
real time where the students were located, which questions they have 
answered and punctuation obtained. When the activity was over the 
teachers answered a questionnaire [Q-t-route & O-t-route].  

(3) Reflecting about your district (Demonstrate the knowledge and 
skills achieved during the assessment): Two weeks after the visit to the 
districts, the students did a presentation talking about the district visited. 
For doing the presentation the students used: the QuesTInSitu application 
(to review the questions and answers), adding the pictures and comments 
that they took during the visit and also they used information extracted 
from Internet. The objective of this activity was to share with their class-
mates the knowledge achieved about their district. All the presentations 
were uploaded to a Moodle course designed for this occasion. During the 
presentations the researchers took observations and made a video [O-st-
final]. When the presentations finished, the students answered a final 
questionnaire [Q-st-final] and the main teacher of the subject answered to 
some questions of an interview and to a final questionnaire [Teacher-
comments & O-t-final & Q-t-final]. 

(4) Testing your colleagues (Self-assessment): Since the end of the 
activity coincided with the beginning of the final examination period of 
the course, the last phase was optional. In this phase students were invited 
to participate in the QuesTInSitu application to check their position in the 
final ranking, to create new questions, or to answer the questions that their 
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class-mates answered in their routes. See description of the data sources at 
Table 7. 

Results and analysis of the Discovering Barcelona experiment 

The three main results (and partial results) after the evaluation of the 
Discovering Barcelona experiment are summarized in Tables 2, 3 and 4. 
These results are used to answer the research question formulated above, 
“Can the QuesTInSitu system support an assessment in situ activity by 
facilitating learning benefits that are difficult to achieve without 
technology? ”. 

The complete support evaluation data of this case study can be 
encountered in Appendix C, Section C.2 

Result I: QuesTInSitu supports real assessment in situ activities 

Part of the data collected during the experiment (see Table 8) allow us to 
present the first result that states that QuesTInSitu gives a valuable 
support for teachers and students in the performance of a real 
assessment in situ activity in open real world environments.  

More specifically, as the partial results of show Table 8, the two teachers 
indicated that QuesTInSitu is very useful in education and helps 
students to create and follow an assessment in situ activity in an open 
real world environment. The teachers valued several factors of the 
system as useful but one of the factors that the teachers found more 
helpful was the monitoring in real time service. Teachers punctuated 
this functionality with the highest mark of 5/5 points [Q-t-route]. The 
teachers indicated that using QuesTInSitu the students have the possibility 
of being more autonomous. One of the teachers’ comments that support 
these statements was: “(Teacher 1) It allows you to design activities (test, 
routes ...) and see from a fixed location the progress of the activity (where 
the students are and what questions they have done, what have answered 
correctly or not...)” [Q-t-route]. Also the teachers used the following 
adjectives to define QuesTInSitu: “(Teacher 1 and 2) ... practical, 
rational, specific, intelligible and functional” [TeacherComments]. Even 
the teachers do not usually use computers they understood quickly all the 
possibilities that the tool has. 
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Table 8. Result I: QuesTInSitu for supporting assessment in situ. Summary of 
partial results and supporting data [Q-t-route, Q-t-final, TeacherComments, O-st-

route, O-st-final] 
Result I Partial Results 

 

QuesTInSitu 
supports 
successfully an 
assessment in situ 
activity thanks to 
functionalities 
such as the 
monitoring service 
or the provision of 
feedback in real 
time/situ. The 
system is ease to 
use and learn. The 
users understood 
the purposes of the 
system. Besides the 
teachers and 
students suggested 
some 
improvements. 

The 2 teachers indicated that QuesTInSitu is easy to use.  

The 2 teachers showed especial interest in the monitoring option 
because they can know in real time the progress of the activity; 
they punctuated this service with 5/5 points.  

33/34 (97%) of students indicated that mobile QuestInSitu 
system for answering the questions was very easy of use and 
learn. 

18/34 (52%) of students uploaded assessment resources (images 
or comments) to QuesTInSitu. 9 (26%) students had problems 
uploading images and 3 (8%) editing a comment.  

Students suggested adding videos as assessment resources. 

29/34 (85%) students participated in the punctuation of 
QuesTInSitu. 6/29 (20%) punctuated the tool with 3/5 points. 
19/29 (65,5%) with 4/5 points and 4/29 (13%)  with 5/5 points. 

Teachers’ suggestions: (1) Create a section with the final marks 
of a specific test; (2) Add more types of questions ; And also 
they wanted  to (3) extend the monitoring system by adding an 
audiovisual system on runtime. 

33/34 (97%) students indicated that the feedback helps them to 
know how to continue in the activity and their progress on it. 
The 34/34 (100%) students indicated that they like to receive the 
feedback and score in real time. 

Some students reviewed the feedbacks obtained in past 
questions. 

The students were very interested in knowing their position in 
the QuesTInSitu ranking.  

The teacher commented that for the students the “numbers” 
(marks) are very important. 

 

From the point of view of the students, the majority of them (97%) 
indicated that QuesTInSitu was very practical and easy to use and 
learn. This result is also supported by the punctuations that students rated 
regarding the tool, where the majority of the students punctuated it with 
the highest marks: 65,5% of the students with 4/5 points and the 13% with 
5/5 points. 20% of the students punctuated the tool with 3/5 points [Q-st-
final]. These data supports the good acceptance of QuesTInSitu. A 
common comment was that the process that the students had to follow for 
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answering the questions was very easy to understand. Only with a short 
explanation at the beginning of the activity the students used QuesTInSitu 
without learnability problems. Some students’ comments also support 
these statements: “(Sant Martí – student 4) It (the system) indicates the 
steps to follow in a very clear way”; “(Sarrià – student 1) It’s been easy 
because everything is guided and structured in an easy way” [Q-st-route]. 
The partial results obtained after analysing the data collected in the 
experiment, indicated that the students understood the objectives of the 
tool and for this reason they valued positively the QuesTInSitu’s 
functionalities that were designed to help them during the activity. 
Students were very enthusiastic when they received the feedback and the 
score of the questions (especially when the answer selected was correct). 
The 97% of the students indicated that the feedback in situ helps them to 
know how to continue in the route of the district assigned and the score 
shows their progress on it. The 100% of the students said that they liked 
to receive the feedback and score in real time [Q-st-route]. Students did 
comments such as: “(Eixample – student 2) In real time it (QuesTInSitu) 
gives you the answer and it guides you on the route” and “(Sarrià – 
student 1) ... answering the questions was easy because we were in front 
of the location related with the question” [Q-st-route]. These comments 
indicate that the provision of feedback in situ and in real time, help the 
students to understand better the assessment activity. Then we can state 
that the provision of feedback in situ is an incentive for the students to 
follow with the activity. 

Other actions that demonstrate that they understood quickly the 
functionalities of the system were that some students consulted the 
information saved in QuesTInSitu about the feedback obtained in 
past questions to remember their feedback messages and scores. Besides 
the students were very interested in knowing their position (final score 
obtained in the route) indicated in the ranking. The teachers commented 
that for the students the “numbers” (marks) are very important. Some 
reactions observed during the visualization of the ranking in classroom 
after doing the activity of discovering the district were: “(Observer 1) 
Students are excited when the researcher is showing the positions on the 
ranking. The group who is in the first position joyed: We won!; and some 
class-mates made jokes answering: For sure you cheated!” [O-st-final]. 

Both, teachers and students suggested some improvements for the 
QuesTInSitu’s functionalities. These comments demonstrate the level 
of expertise that the participants acquired in a short period of time. 
On the one hand, teachers suggested to (1) make a section with the final 
mark of each group in a specific test. At the end of the experience the 
researchers considered this suggestion and they added a final report of 
each group in the ranking section. Teachers also wanted to (2) have more 
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types of questions (e.g. open questions, questions with 
images/audio/video); and also they wanted to (3) extend the monitoring 
system by adding an audiovisual and communication system to talk with 
the students on runtime. The teachers said: “(Teacher 1) It would be very 
interesting if it’s possible to follow the students visually with a system 
(like a video)” and “(Teacher 2) I would have wanted and audio-visual 
system” [Q-t-route]. On the other hand, students also indicated some 
problems using the functionality of personalizing their assessment 
resources. The 52% of students uploaded assessment resources (images or 
comments) to QuesTInSitu. The 26% of the students had problems 
uploading images and the 8% editing a comment of a question. The 
comments were considered during the activity and were fixed by the 
researchers. Students also suggested adding videos as assessment 
resources of a question.  

Result II: QuesTInSitu facilitates learning achievement 

The second result, claims that the combination of elements that 
conforms the QuesTInSitu system (an Assessment Engine, a Web 
Map Service, a Location Based System and the use of computers and 
smart-phones with GPS and Internet) allows performing an enriched 
assessment in situ activity that facilitates the practice of transversal 
and specific knowledge and skills (see Table 9). 

As we have explained previously, in previous years the teachers made a 
similar activity without using technology for mediating the discovering of 
the district. They used paper-based exercises to assess the students’ 
knowledge, exercises that they had to answer in classroom or at home. 
After doing the activity using the QuesTInSitu system solution, the 
teachers indicated that the use of this technology helps to structure 
the activity in order that the students achieve more skills: orientation 
and explorative skills, and moreover students are more autonomous 
because they have to explore the district by themselves. 
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Table 9. Result II: QuesTInSitu for mediating assessment in situ activities with 
educational benefits. Summary of partial results and supporting data [Q-st-route, 
Q-t-route, Q-st-final, Q-t-final, TeacherComments, O-st-route, O-t-route, O-st-

final, Marks] 
Result II Partial Results 

The activities created with 
QuesTInSitu enhance the 
assessment in situ: (1) the 
technology used is 
perceived as useful for 
doing the activity (despite 
some problems decteted 
with the LBS); (2) An 
added value is the 
dynamism that the 
combination of tools offer; 
(3) QuesTInSitu activities 
promote and facilitate 
putting in practice of 
social, exploratory, 
reflective, teamwork and 
ubiquitous learning skills; 
And (4) the students acquire 
new knowledge about the 
district visited. (5) The GPS 
location-based system is 
not essential for doing an 
assessment in situ activity 
but it makes the process of 
finding the geolocated 
question faster and helps 
the students in their 
exploratory tasks. 

The teachers indicated that the solution enhances the 
achievement of orientation and explorative skills, the 
understanding of the urban space and its elements, and 
facilitates the students’ autonomy. 

The teachers think that the technological solution helps 
on structuring the activity. Answering questions in situ 
makes that the students have to reflect more and apply 
their knowledge/abilities when answering. 

The students preferred answering the questions in situ 
with a smart-phone because (1) it is easier of carrying, 
and (2) the feedback help them to understand better the 
question. They were (3) more concentrated in the activity 
and they could notice more details and learn more. (4) 
They had an active participation and freedom. (5) The 
activity is more dynamic in comparison to other activities 
(eg. Visiting a museum). And (6) They learnt how using 
a LBS device. 

The students achieve new skills/knowledge: Social & 
communicative skills; Teamwork & critical thinking 
skills; Explorative learning; Reflective learning; Positive 
interdepence; Spatial orientation. 

The 33/34 (97%) of the students indicated that after the 
experiment they have learnt new concepts about the 
districts 

The automatic marks show that any of the groups failed 
more than 2 questions:1 group had a mark of 8/10 points. 
4 groups had a mark of 9/10 points and 1 group has 10/10 
points. 

6/34 (18%) students valued in a likert scale that their 
feeling of learning after doing the activity was 3/5 points.  
The 23/34 (68%) assigned 4/5 points and 2/34 (6%) 
valued with 5/5 points. The 3/34 (8%) students did not 
answer. 

The students used the information of the questions 
answered during the assessement in situ activity in their 
final presentations. Teachers think that it occurs because 
the questions during the assessment in situ activity help 
to guide and focus the students. 
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28/34 (82%) students answered that they learn more 
using the smart-phones in situ for answering the 
questions than filling in a dossier or doing an exam in 
class. 4/34 (12%) students indicated that they learn more 
using a dossier. 2/34 (6%) students did not answer this 
question. 

The 32/34 (94%) students indicated that they preferred 
answering the questions using mobile devices instead of 
filling in a dossier or doing an exam in class. 2/34 (6%) 
students indicated that they prefer the dossier. 

The GPS-groups showed curiosity using the GPS. They 
indicated that the automatic provision of questions helps 
them to know that they were well located.  

The No-GPS groups indicated that the GPS could help 
them to find quickly the correct streets and to interpret 
the map. In some occasions they were not sure of being 
at the correct position. 

The MIXED group preferred the questions which 
appeared using the GPS because they think that when 
using it the activity was more dynamic, interesting, 
practical and faster. 

Students indicated some hardware problems: The mobile 
or the GPS did not work properly or works slowly in 
some occasions. The tactile screen did not detect always 
the interactions. 

 

An observation noted during one of the interviews with the teachers: 
“(Observer 1) The teachers think that students have learnt urban 
information in this activity and that, in an exam they will just ‘vomit’ 
(Catalan expression meaning that students answer without thinking) all 
what they know. However, going to the particular locations and think 
about the place, make them reflect about what they learn” 
[TeacherComments]. An opinion wrote by one of the teachers concerning 
this issue in one of the questionnaires was: “(Teacher 2) Students could 
learn about more districts working with mobile devices enable achieving 
other learning objectives: orientative and explorative skills and a more 
personal observation (of the environment)” [Q-t-route].  

From the point of view of the students as it can be appreciated in Table 9 
the 94% of the students indicated that they preferred answering the 
questions using mobile devices instead of filling in a dossier or doing 
an exam in class. Only the 6% of the students indicated that they prefer to 
answer the questions in a dossier or doing an exam. When the 
questionnaire asked about which type of method (1) the mobiles for 
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answering in situ or (2) the dossier with questions and an exam, is better 
for learning. The 82% of the students selected the first option and the 12% 
the second (the 6% of students did not answer this question [Q-st-final]). 
One student commented: “(Sant Martí – student 5) ... looking the places 
you answer better the question. When you answer a dossier with questions 
after doing an activity (outside the classroom) you do not remember all”. 
On the other hand a student who selected the option (2) answering the 
questions in a dossier, said: “(Eixample – student 1) with this option you 
have the teacher for helping you” [Q-st-route]. 

The students commented the advantages of structuring the 
assessment in situ activity for discovering the district with 
QuesTInSitu and mobile phones: (1) The phone is easier of carrying 
than a dossier with questions. (2) Answering the questions in front of the 
associated space and receive the feedback help them to understand better 
the question. (3) They were more concentrated in the activity, because 
with the questions appearance they could notice more details and learn 
more. (4) The distribution of roles helps them to participate actively in the 
activity. (5) The activity was more dynamic in comparison to other 
activities (e.g. visiting a museum). (6) In addition the students highlighted 
that after the experience they have learnt how to use a LBS device. The 
comments concerning the benefits of the assessment in situ activity made 
by students were: “(Eixample – student 2) I liked to have the feedback 
with the answer in real time, because then you can know where you are 
wrong and in addition it (the feedback) guides you on the route”; “(Les 
Corts – student 4) I liked to know the score in situ because then you know 
if you observe enough the environment” ; “(Gràcia –student 5) The 
activity was more dynamic, you had to take part and to know what to do”; 
and “(Eixample – student 5) ...it is an innovative method that allows the 
student to feel useful in the activity” [Q-st-route]. 

Considering the comments and the observations taken during the 
experience there are some preliminary evidences that show that the 
students achieved new skills and knowledge doing the exploration of 
the district and listening to the presentations of their classmates in 
comparison to previous experiences (where the students did not use 
technology). The summary of the analysis of these observations is 
presented as follows: (1) The students put in practice their social and 
communicative skills talking with the people of the district to obtain 
hints for answering the questions; (2) The observations did during the 
activity verify that the members of the same group put in practice 
teamwork skills because they discussed and negotiated before answering 
the questions. They were interested in knowing the opinions of all the 
group and they wanted to discuss in order to find the better answer 
(critical thinking skills). (3) When a question appears in the smart-phone 
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the students observed the environment, taking notes and pictures. (4) 
After receiving the feedback, they reflected and confirmed the correct 
answer looking the environment. (5) The role distribution was important 
for doing the activity. This distribution affected in the students’ positive 
interdependence and helps them on focusing on the task. (6) The 
students found that using a mobile phone, a map and the GPS they learnt 
how to orientate and locate themselves in the district. (7) The 97% of 
the students indicated that after the experience they have learnt new 
town-planning concepts about the districts. And finally, (8) the feedback 
in situ helps them to understand better the question and to learn more 
about the content related. As an example part of these statements can be 
appreciated in the following observations noted during the activity: 
“(Observer 5) The question 6 suddenly appears and we are in front of the 
building related with the question. The students read the question and 
look the name of the building, they said: Look this is the answer, it is the 
Scientific Park!. Then they answered correctly the question”; “(Observer 
6) Students are making photographs constantly and they talk about the 
content of the question” [O-st-route]. Also the statements can be 
confirmed with the remarks made by the students in the questionnaires: 
“(Gràcia – student 4) Using the mobile phone you have to pay attention 
constantly”; “(Les Corts – student 6) ...all the members gave our opinion 
in order to obtain a conclusion”; “(Ciutat Vella – student 1) I have learn 
how to situate myself in the district” [O-st-route, O-st-final, Q-st-route & 
Q-st-final]. 

After doing the whole activity the students valued in a likert scale their 
perception of learning: the 18% selected 3/5 points; the 68% valued with 
4/5 points; and the 6% with 5/5 points. The 8% did not answer this 
question [Q-st-final]. A quantitative evidence of the learning achieved 
during the activity was the final mark of the test-route. The automatic 
marks generated by QuesTInSitu show that any of the groups failed more 
than 2 questions: 1 group had a mark of 8/10 points, 4 groups had a mark 
of 9/10 points and 1 group has 10/10 points [Marks]. 

The students used the information showed during the assessment in situ 
activity in their final presentations in the classroom. For instance when 
they described the streets/buildings they used concepts that were 
explained in the feedbacks. All of them used a map to locate the district 
visited. They combine pictures taken during the activity with pictures 
extracted from Internet. 

Although the students valued positively the use of smart-phones for 
doing an assessment in situ activity they also detected some technical 
limitations and problems. Half of the groups encountered technical 
problems. At least in one occasion during the route (1) the mobiles phones 
did not work properly or worked slowly. Also (2) the tactile screen did not 
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detect always the interactions when they tried to answer a question. 
Finally (3) two of the total of three groups that used the GPS indicated 
that it did not work properly in all the occasions. This can be appreciated 
in the following student’s comment: “(Sarrià-student 3) It is a good idea 
to use mobile applications but sometimes (the mobile) works slowly or it 
did not works properly” [Q-st-final].  

As we have indicated previously, the use of the GPS to throw questions 
detecting the position of the students was a control factor due the 
characteristics of the streets of the six different groups. Two groups 
used the GPS in the whole route, three groups did not use the GPS and 
one group, the MIXED, used the GPS in a half of the route. The GPS was 
evaluated in order to understand its use and importance for doing an 
assessment in situ activity: (1) The GPS-groups showed a lot of curiosity 
and surprise knowing that the questions will appear using the GPS signal. 
They think that it helps them to know that they were well located. The 
following comment was done by a student that used the GPS: “(Les Corts 
– student 5) It (the GPS) helped us to situate ourselves on the route 
because it is a good indicator for locating the streets” [Q-st-final]. (2) 
The No-GPS groups think that the GPS was not necessary to do the 
activity. But some of them indicated that the automatic appearance of 
questions using the GPS could help them to find quickly the correct 
streets where the questions were located. They commented that not using 
the GPS they had the feeling of interacting more with the people of the 
street (asking about the streets). Some students said that the GPS would 
help them in the task of interpreting the map. Students commented: 
“(Sarrià – student 3) I think that using the GPS we would had found the 
questions faster” and “(Gràcia – student 1) ... without the GPS we did a 
good work, answering the questions and following the route” [Q-st-final]. 
Finally (3) the MIXED group preferred the questions which appeared 
using the GPS because they think that when using it the activity was more 
dynamic, interesting, practical and faster. This idea can be confirmed with 
the following comments: “(Sant Martí – student 2) I think that it was 
more interesting when the questions were indicated mediating the GPS 
because the process was more dynamic and different” and “(Sant Martí – 
student 5) The activity was more interesting when we use the GPS 
because when we were advancing (on the route) in different places the 
GPS made that appeared questions” [Q-st-route]. The final score 
obtained in the routes did not differ between groups (using or not using 
the GPS). The partial results demonstrate that controlling the automatic 
questions visualization with the GPS signal is not essential for doing 
an assessment in situ activity. But the automation is positively 
appreciated by the students because it helps the students in their 
exploratory tasks. 
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Result III: QuesTInSitu enacts learning attitude 

Finally the third result concludes that mediating an assessment in situ 
activity with QuesTInSitu and mobile technology enact the students’ 
motivation and produces a positive impact in the teachers and 
students’ interest and the associated learning benefits that this entails 
(see Table 10). 

Table 10. Result III: Student and Teacher Motivation during and after the 
experience. Summary of partial results and supporting data [Q-st-final, Q-t-final, 

TeacherComments] 
Result III Partial Results 

The assessment in situ 
activity was perceived as an 
innovative solution that had 
a notable positive impact in 
the attitude/motivation of 
the students and teachers. 

All students (34/34 – 100%) and the teachers indicated 
that would repeat the experiment another year. 

24/34 (71 %) students punctuated the activity with 4/5 
points and 10/34 (29 %) students with 5/5 points. 

The students enjoyed the activity because: (1) It was 
very innovative and funny (they like to use 
technological devices); (2) They did the activity without 
the teacher (3) They learnt new things about the district 
and how to use specific technology; (4) The activity 
promoted their participation (in comparison with other 
activities where the teacher was always talking and they 
took notes)   

The teachers were very happy after the experiment and 
they thought that the activity was a success.  

 

In this sense, Table 10 shows that the 100% of the students and the two 
teachers commented that they would repeat the experiment in the 
same conditions. Specifically students rated their degree of satisfaction 
doing the whole experiment in the final questionnaire with very high 
punctuations: the 71% with 4/5 points and the 29% with 5/5 points [Q-st-
final & Q-t-final]. 

On the one hand a summary of the students’ comments that confirms that 
the activity was more enjoyable and helpful for learning town-
planning than other explorative activities where students /teachers 
did not use technology. The benefits identified by the students are: (1) 
The activity was very innovative and funny because the use of 
technological solutions; (2) They enjoyed the activity because they did it 
in groups and without the physical presence of a teacher; (3) They 
learnt new things about the district and also how to use specific 
technology (like a smart-phone with GPS); and finally (4) the structure 
of the assessment in situ activity promoted the students’ participation 
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(in comparison with other activities where teachers talk and students take 
notes). Comments concerning these issues were: “(Les Corts – student 6) 
Yes, I would repeat this activity because it has been very amazing and I 
think that you learn more doing it”;  “(Sarrià – student 4) The mobile 
phone is more practical than a portfolio (where the sheets are always 
wrinkled and you lose them…). The mobile also incites you to participate 
more ...” [Q-st-final]. 

When the whole experiment finished the teachers were satisfied because 
the technological solution supported successfully the exploration of the 
districts and the assessment of the students’ knowledge and skills. Before 
this experiment they had never imagined the possibility of using an 
application mediated with mobiles for doing an assessment in situ activity. 
After doing the activity they would repeat it [TeacherComments]. 

 

4.3.5 Other exemplary scenarios 
In this section, a mini case and two exemplary scenarios are included in 
order to support some of the findings obtained in the main case. Also 
these are described to explain other possible CBT educational scenarios 
were QuesTInSitu can be used. In the next section, the analysis done in 
the main case, the mini case and the ideas presented in the examples are 
discussed. 

Mini case, Discovering Sant Llorenç del Munt 

A teacher of Botany, in the 1rst course of Biomedicine studies at UPF, 
decided to use QuesTInSitu to design a route of questions at the natural 
park of Sant LLorenç del Munt in Catalonia (Moyano, Carrió, Santos, 
2011). As Botany is a theoretical subject but also applied, the teacher was 
interested in assessing her students in a real botany environment. This 
teacher had an experience of 12 years teaching botany, and she had done 
learning activities in the same natural park before. However, she thought 
that using technology to do the activity would be beneficial. 

A participatory design (Schuler & Namioka, 1993), was followed to 
design with the teacher the CBT scenario following the CBT framework. 
The main objectives of the assessment activity were: learning exploring, 
touching and observing the environment in order to acquire the skills 
included in the educational curriculum of the subject. Due to the 
characteristics of the natural park, part of the route did not have 3G signal. 
This was a limitation for QuesTInSitu because it needs Internet 
connection to work. However, this limitation was used to compare two 
contextual aware technologies: QuesTInSitu vs. QRCodes. Then in the 1st 
stretch of the route QuesTInSitu + 3G + GPS was used to manage the 
geolocated questions. In the 2nd stretch (no 3G signal), students read the 
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associated questions using QR-codes. The QR-codes were positioned in a 
paper-map (see Figure 25), and these were connected with Hotpotatoes 
Tests that are saved locally in the mobiles. In both cases questions were 
automatically corrected. However, only with QuesTInSitu questions 
appeared automatically (when students were correctly located) and the 
history of answers/scores were saved.  

The questions implied to find, observe, touch and measure the plants of 
the zone. Once the students did the corresponding action, they could 
answer the question and the score and feedback was showed.   

The teacher decided to do the activity as an optional activity, due to this 
was the first time that she uses a m-test tool. Finally, in May 2011, a total 
of 7 students participated voluntary in the activity. They carried a mobile 
phone (HTC Desire) and a paper-map with the indications of the different 
tasks of the assessment in situ route (see Figure 25). The paper-map was 
especially created to support the 2nd stretch of the activity. 

 
Figure 25. Discovering Sant LLorenç del Munt – instructions of the activity. 

 
This case cannot be considered a case study because the limitation of the 
data collected. However, it was used to support or reject the conclusions 
achieved in the main case. Moreover, the experience achieved designing a 
CBT scenario directly with the teacher and in an open learning 
environment (the natural park), where two types of technologies 
(QuesTInSitu vs. QRCodes) were used to implement a test-route, has 
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allowed us to analyse the benefits of using mobile technology and context 
awareness to implement a CBT scenario. Observations during the route 
were taken, and also the students answered a post-test after doing the 
activity. The post-test includes quantitative and qualitative questions. 

A summary of the main results of the analysis of students’ actions, 
comments and responses is described as follows: 

 All the students indicated that they have learned new things after 
doing the activity 

 3/7 students preferred the use of QR-Codes (because in the 1rst 
stretch they had problems with the 3G Signal) 

 4/7 students preferred the use of QTISM 

 5/7 students indicated that the two options help them (equally) to 
locate themselves  

 6/6 students will use QTISM to learn more about a city 

 To the question: Would you prefer to do this activity with a dossier? 2 
students answered “Yes” and 5 answered “No” 

 4/5 students valued QTISM with 5/5 points, 1 student with 3/5 points 
and 2 with 2/5 points 

The following comments support these results: “student4. The activity 
required our participation and to be focused in a task helps you to get 
more knowledge”; “student7. I discovered plants in their natural habitat 
and smells and textures that you cannot appreciate in books”; “student4. 
I like QuesTInSitu because questions appear automatically when you are 
near of the plants and you don’t have to look a map (like in the 2nd stretch 
with QR-codes).”, “student6. It is a different and funny way of 
discovering cities with motivation” and “student2. (the student preferred 
to use a dossier for doing the activity) …using it we would not have 
technical problems”. 

On the other hand, the teacher indicated that she preferred the use of 
QuesTInSitu to design, implement and monitor the activity. She had this 
opinion because when the students did the 2nd stretch with the QR-Codes 
they were not sure of being in the correct position selected by the teacher. 
The teacher indicated the following educational benefits of using mobiles 
and geolocated questions to learn/assess botany: students are more 
autonomous, the use of these technologies make students more implied in 
the tasks, the activity promotes that students make a bigger effort to relate 
the concepts learnt in class with the plants they observe, and finally the 
students’ motivation increase doing this assessment activity (in 
comparison to others activities done in classroom, and considering the 
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comments of the 7 students that participated in the activity). Finally the 
teacher indicated that in following years, she will repeat the activity but 
doing it mandatory. She thought that the participation of this year was low 
due to the fact that the activity was optional and it coincided with a period 
that students had an important number of works and exams. In addition, 
she will change the natural park selected by other with better 3G signal in 
order of using QuesTInSitu alone to implement the activity. 

Two exemplary CBT scenarios  

Examples A and B have been included to illustrate that QuesTInSitu can 
be applied in a variety of educational disciplines. These scenarios have 
not been evaluated. However, each scenario is explained considering a 
research question and associated real research done by third-party 
institutions. 

Example A: Using QuesTInSitu for including assessment in situ 
in a Mobile Plant Learning activity 

This scenario is presented with the objective of explaining the next 
research question: Can the QuesTInSitu system be used to enhance an 
existing ubiquitous educational practice including assessment 
purposes?  

In order to answer this question, this scenario shows how QuesTInSitu 
could be combined with a mobile-ubiquitous learning system presented by 
others. Huang et al. (2009) created a Mobile Plant Learning System 
(MPLS) that facilitates elementary-level science students learning about 
plants. Their objective was to create a system that enables the students to 
learn about plants and to put in practice their knowledge doing context-
awareness activities outside the classroom. For this reason the MPLS was 
designed to be used in a PDA with GPS. The system has an environment 
sensing method: it can detect the student’s location (through the GPS 
information). Then, it identifies the plants’ information from its own data 
base that has a relation with the position of the students. When the system 
finds information, it displays an electronic map (e-map) in the PDA’s 
screen, allowing the students to know the location of the plants in the area. 
Once the students are in front of a plant, they can find information about it 
in the MPLS or add pictures or comments to the system in order to share 
information. The authors evaluated the system with 32 students. After 
doing the activity the authors used a paper test to assess the students’ 
knowledge. They conclude the experiment with positive results that reveal 
that this system can enhance the learning on plants in elementary-level 
science. 

The Huang Y. et al experiment was selected due to its characteristics: 
the use of a mobile device (PDA) and the GPS, and the educational 
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objective of using technology to enhance the learning about 
geolocated elements (plants). However, an advanced activity can be 
created with QuesTInSitu. QuesTInSitu can be employed to include (1) 
assessment in situ and (2) to allow the monitoring of the activity in real 
time. We begin explaining the first improvement that we propose. As we 
have described in section 3, when a question is created by a teacher in 
QuesTInSitu this is associated to a geographical coordinate. In this sense, 
the MPLS and QuesTInSitu system can be combined to allow teachers to 
create and integrate assessment in situ activities in a Mobile Plant 
Learning experience. As described in the previous paragraph, the MPLS 
detects the position of the students through a GPS system and shows an e-
map indicating the locations where the students have to go. Taking into 
account that the questions of QuesTInSitu have coordinates associated, 
then the questions also could appear in this e-map. Then the students can 
select a question (that automatically connects with the QuesTInSitu 
system) and answer it in situ. The students can participate more actively 
putting in practice their knowledge about the plants than when answering 
a paper-based test after the activity. Besides, since with QuesTInSitu the 
students can receive the feedback in situ, they can reflect on their 
knowledge in front of the plant. Moreover, students can associate their 
pictures or comments about botany to each specific question in the 
system. 

The second contribution that QuesTInSitu can offer is a higher 
involvement of the teacher during the activity. Thanks to the monitoring 
service that QuesTInSitu incorporates, teachers can monitor in real time 
the position of their students and also know their progress (punctuations 
of the questions, the pictures and comments that they add). After doing 
the activity, the teacher can use the information saved in QuesTInSitu to 
discuss in class the answers selected by the students (e.g. the teacher can 
clarify the questions that have obtained more incorrect answers). 

We claim that QuesTInSitu can be used to enhance a mobile-ubiquitous 
learning practice allowing the inclusion of assessment in situ activities. 
The routes activities are enriched with geolocated questions and provision 
of feedback in situ that can be combined with other learning resources. 
The architecture of the system enables its combination with other systems 
in order to share data such as: the coordinates of the QTI questions, the 
students’ punctuations or pictures and comments added by the students. 
Moreover, QuesTInSitu supports the monitorization of the activity in real 
time. 
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Example B: Facilitating the assessment in situ of the historical 
novel of Don Quixote 

The aim of the third scenario is to illustrate: how QuesTInSitu can be 
used by teachers to facilitate the edition and performance of existing 
educative itineraries with assessment purposes? 

This scenario is based in existing best practices performed by teachers of 
literature courses in Spain. One of the books that are commonly read in 
Spanish literature courses is “Don Quixote”. The story of the novel occurs 
in different real locations of Spain. In 2007 the routes cited in the Don 
Quixote novel were considered officially a European Cultural Itinerary 
(Cañizares, 2008). There exist a lot of educative materials on the web that 
relates the events of the novel with the real itinerary (e.g. 
http://www.quijote.tv/escuela1.htm, in Spanish). However, it can be a 
hard task for the teachers to relate these contents with their associated 
location in order to perform and assessment in situ activity with their 
students. In this scenario we explain how QuesTInSitu could be used to 
facilitate the creation of an assessment in situ activity about the Don 
Quixote book for a Spanish literature subject.   

QuesTInSitu enables teachers to design an assessment in situ route that 
can contain part of (or all) the different places of the official itinerary that 
are cited in the novel without going physically to the different 
emplacements. The QuesTInSitu’s GUI facilitates the web map edition of 
the zone selected. For each important location of the itinerary, the system 
offers functionalities that enable the creation and geolocation of questions 
that have a relation with the facts described in the book. Once the map 
with the test-route is created, the students will have the possibility of 
doing physically the itinerary with a mobile phone. When the students 
will be in front of a location selected by the teachers as a question-point, 
the students will have to answer the related question using QuesTInSitu. 
The question will be automatically corrected and the students will be able 
of reflecting and comparing their response with the correct answer 
observing the environment. After answering a question, the students will 
have the possibility of uploading a picture or/and a comment of each 
location to the application using the mobile phone. In order to assess the 
students, the teachers have to check the information associated to each 
student in QuesTInSitu. Teachers can monitor and review the score 
obtained in each question and also they can evaluate the pictures and 
comments uploaded by the students. 

The proposed scenario would help teachers to create an ubiquitous 
assessment in situ activity related with the existing Don Quixote cultural 
itinerary and also to motivate their students in the learning of the Don 
Quixote book.  
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4.3.6 Discussion 
The scenarios analysed in previous sections have been used to understand 
the benefits and limitations of using QuesTInSitu for doing assessment in 
situ activities. The scenarios provide further indications that can be used 
to confirm the statement presented at the beginning of Section 4.3.4 and to 
provide evidences that can be used to answer the research questions 
formulated in Sections 4.3.4 and 4.3.5. The results obtained in the main 
scenario, Discovering Barcelona, are supported with the analysis done in 
Discovering St. Llorenç del Munt, Examples A and B. This final analysis 
is used to evaluate whether the objectives formulated in section 4.1.2 are 
achieved. 

In order to conclude the discussion, we also discuss the advantages and 
limitations of using GPS data and LBS, as implemented in QuesTInSitu, 
versus others technologies such as QR-Codes or NFCs to do assessment in 
situ activities. 

Discusion 1: Analysis of the application case 

We can state that QuesTInSitu can adequately support the execution of 
real assessment in situ activities providing educational benefits. The 
results of the scenarios show how QuesTInSitu is useful for giving 
support in situ during the realization of an assessment in situ activity. 

The strategy of giving in real time and in situ the questions, the feedback 
and the score is an essential aspect that helps students to understand better 
the content of the questions of the test-route. The first result of the first 
scenario, Discovering Barcelona, shows how students value positively the 
provision of feedback. This result is supported by the results obtained in 
the mini case, Discovering Sant LLorenç del Munt, where students 
preferred QuesTInSitu than QRCodes because the first provides questions 
automatically. Moreover, Example A illustrates how a ubiquitous 
experience can be enriched by including automatic assessment in situ.  

During the realization of an assessment in situ activity students achieve 
and practice specific knowledge and skills regarding the topic selected by 
the teachers and it also promotes other transversal skills such as 
communication, teamwork or spatial orientation (see the second result of 
the Discovering Barcelona scenario, and also how QuesTInSitu was used 
to learn applied Botany in the mini case). From the point of view of the 
teachers, the monitoring service allows them to understand in real time 
what the students are doing and their progress. The teachers of the main 
case, value this functionality as one of the most useful for them because it 
makes possible not to go with the students and they can focus their 
attention on checking the students’ evolution on the test-route. The 
teacher of the mini case also indicated that an advantage of QuesTInSitu 
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is the history of results. Moreover the authoring functionalities of 
QuesTInSitu have been designed with the objective of facilitating the 
creation of assessment in situ activities. Example B, exemplifies how 
teachers can take profit of these functionalities to design assessment in 
situ activities. 

The results confirm that the combination of the QuesTInSitu applications: 
the assessment engine (NewAPIS), the LBS (e.g. Mscape, the MPLS or 
the own QTISM) and the web map service (Google Maps) through 
devices such as computers and mobile phones with GPS and Internet 
enhances the correct realisation of an assessment in situ activity. 
Mediating the visualization of questions with a LBS is not essential, but 
the geolocation information helps to provide dynamism to the activity and 
to create a more accurate context-aware activity. This result opens the 
possibility of using QuesTInSitu with other ubiquitous-learning systems, 
as the example A proposes. 

Finally, the data collected demonstrate that the structure of the activity 
had a positive direct impact in the students’ motivation (see the third 
result of the Discovering Barcelona scenario, and the students’ comments 
of the mini case). The students indicated that the use of the systems and 
devices employed during the activity help and motivate them on its 
correct performance. The use of technology enables to perform the 
activity without the physical presence of the teachers. The results indicate 
that this fact makes that students participate actively in the activity. As a 
consequence they are more motivated and concentrated in the tasks of 
answering the questions. This result agree with the analysis performed by 
the Futurelab (Naismith et al., 2004) about the ubiquitous learning 
experiment done in the Savannah project by (Facer et al., 2004). A 
quotation extracted from the report explains: “When the teacher took 
control, the students became more passive and resistant to engagement. 
To be successful as a learning experience, the game (we add “the 
activity”) needs to allow the students to control their own learning.” 

Discussion 2: understanding the use of smart-phones in 
assessment in situ activities 

As has been explained, QuesTInSitu is a system that combines the use of 
smart-phones, an assessment engine and a LBS . Questions appear when 
students are physically located in the correct location, using the GPS 
service and the Internet connection of the smart-phone. However, other 
combination of technologies can be used to carry out an assessment in situ 
activity. As we have seen in the literature review section of this paper, 
other authors have used technologies such as NFC-RFID tags or tour-
based applications (Huang et al., 2009; Hwang & Chang, 2011; Pérez-
Sanagustín et al., accepted) to create location-based activities. Other 
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technologies such as QR-Codes also can be used to extend the information 
of a real object (Rohs & Gfeller, 2004; Susono & Shimomura, 2006). The 
experiment and scenarios presented in this paper, and the related 
experiments, allow us to discuss the advantages and limitations of using 
smart-phones with GPS and Internet connection compared with other 
technologies for the creation of assessment in situ activities. This section 
is devoted to provide criteria about which technology is the most adequate 
considering the physical characteristics of the assessment environment: 

 Open spaces: when the assessment environment is an open space 
with GPS/Internet coverage (e.g. a district of a city or a park) the use 
of smart-phones using a system like QuesTInSitu is more adequate 
than other technologies because: (1) Teachers do not need to interact 
physically with the environment, putting manually NFC-RFIDs or 
QR-Codes tags in the associated places. Then, teachers avoid the need 
of checking the space, or having it physically under control. (2) When 
the questions do not depend of a physical element (like an augmented 
card) and they are associated to real coordinates, the flow of questions 
can be easily modified, even during the performance of the 
assessment activity (using a computer). (3) Questions are associated 
to real coordinates, and the real location of the student is known 
through the information send by the GPS of the smart-phone to the 
system. The system can detect where the users are and adapt the 
activity considering their positions. (4) As has been analysed in the 
previous section, students indicated that the automatic appearance of 
questions confirms that they are correctly located. However, when 
students have to select manually the questions, for instance reading a 
QR-Code located in a map or using a tour-based application, there 
exist the risk of being situated incorrectly. (5) Again, as mentioned by 
the students during the experiment, the automatic visualization of 
questions (controlled by the GPS signal) gives dynamism to the 
process of reading/answering questions. This automation get students 
more “excited” and motivates them to perform the activity. (6) The 
Internet connection allows knowing in real time the students’ position, 
It can be used to monitor, in real time the progress (locations, scores 
achieved) of the students in the activity. (7) When the distance 
between questions has to be minimal it is better to do not use GPS 
coordinates to control the questions. However, when questions can be 
separated, it is desirable to leave at least a distance of 10 meters 
between each question/test in order to give the opportunity to the 
students to feel that they have to walk for finding new questions. 

 Closed spaces (or small / controlled open spaces): when an 
assessment activity is carried out in a space like a museum or a 
campus of a university it is very difficult or impossible to do an 
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assessment activity with GPS signal. Then, QuesTInSitu cannot be 
used with automatic visualization of questions. In these cases, it is 
most adequate using other solutions such as RFID tags, QR-Codes or 
tour-guide applications: (1) Teachers will have to put manually the 
tags in the corresponding locations or prepare a map of the zone with 
the corresponding codes indicated. Considering that the space is 
closed having under control the contextual-material is not very risky. 
(2) When the Internet connection is bad or null, due the characteristics 
of the space, all the material (tests, images, audios) of the assessment 
activity has to be saved in the memory of the mobile device. This fact 
increases the tasks that have to be done by the teacher before the 
execution of the assessment activity. (3) In addition, in these 
situations the teacher cannot make changes during the activity or 
monitor it in real time. (4) The responsibility of reading correctly the 
questions fall on the students, they have to do the action: scan the QR-
code, read a map or compare the information of the guide-tour with 
the real word. (5) When students are in closed spaces using a smart-
phone to perform an assessment activity, knowing their real position 
is not possible, then it is very difficult to send feedback or hints to 
guide them during the route. 

Finally, the re-usability and adaption of the assessment material become 
easier in the first case than in the second case because the dependence of 
physical objects like (cards, codes, maps) difficult these tasks. In addition, 
the use of educational technology standards, like QTI in QuesTInSitu, 
facilitates the interoperability of learning materials or the outputs of the 
system (e.g., scores) with other compliant systems. 

 

4.4  Applying the CBT Framework and PIMs by a 
third-party 

The CBT Framework and the CBT-PIMs have been proposed in order to 
facilitate the implementation of advanced CBT scenarios and systems. 
First, the elements of the framework, and their relations, have to help 
these practitioners and technicians to decide which can be the most 
adequate CBT scenario to assess the skills of the specific educational 
context. As Chapter Three explained, once the scenario has been 
designed, assessment designers have to select de adequate technology and 
services to support it. The CBT-PIMs will assist the assessment designer 
to understand the elements which can be represented with the QTI 
standard, and the elements that have to be extended and supported by 
external applications. In the case that the CBT scenario requires to 
represent new types of question-items but also to use a specific interaction 
context to represent the test, the designer will have to use the CBT-PIM of 
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the question-item and test dimension. As a result, after associating the 
extended elements to specific technologies, the assessment designer will 
have to design a CBT-PSM. This CBT-PSM will be the model that 
represents the combination of QTI with other specific technologies that 
enables the implementation of the CBT scenario previously designed. 
Assessment developers will follow this CBT-PSM to implement the 
specific system that will enable the creation of assessment activities 
according with the CBT scenario. 

This dissertation aims that the CBT community uses the CBT framework, 
and CBT-PIMs to envisage, design, implement or categorize CBT 
scenarios. The previous sections have presented two cases where the CBT 
Conceptual Model is used by the author of this PhD thesis and the GTI 
research team, to enable the implementation of two different advanced 
CBT scenarios. In the following sections, we present a case where the 
models (the CBT-PIM of the question-item, and the CBT-PIM of the test 
dimension) have been used by a third party institution to implement an 
advanced CBT scenario where virtual worlds are used to represent 
question-items and tests. The use of 3D information of virtual worlds is 
applied on the one hand to represent questions with virtual objects, and to 
design interactions making use of the actions that avatars can do over 
objects. On the other hand, the virtual world itself can be used to represent 
the educational context of the test. The following sections details how the 
GAST research team (GAST, 2011) in collaboration with the GTI Team 
(GTI, 2011) have worked together to design the Wonderland-QTI PSM 
and system. This implementation has not been evaluated in a real 
assessment scenario, however it is based in real educational practices. 
This means that results from the evaluation are not provided, however the 
importance of this application case deals on the use of the CBT-
Framework and PIMs by a third-party to implement the desired 
assessment scenario and the corresponding system.  

 

4.4.1 Application case: virtual worlds for representing 
tests and questions 

This application case shows how a virtual world is an adequate interaction 
context to create advanced tests and question-items to assess Literature 
and language skills. When students learn a new language, they have to 
read and write correctly, but also they have to know how to respond to 
real circumstances (not only talking but also doing actions). For instance: 
when a person, who is learning English, goes to England s/he has to know 
how to buy tickets on the subway. A virtual world offers the possibility of 
representing any environment: a museum, a world described in a novel, a 
historical period, etc with educational benefits. In a 3D world avatars can 
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perform human actions such as: moving objects, talking with other 
people, going from one location to another, etc. The characteristics of 
virtual worlds can be reflected on the elements of the CBT Framework. 
Virtual worlds open up the possibility of using the 3D space and the 
avatars for simulating learning environments where the avatars have to be 
conducted by students (Dillenbourg, Schneider, & Synteta, 2002). The 
avatars have to interact with the context (objects of the world) making 
user actions simulating human real tasks. Doing these actions users can 
demonstrate their skills. The interaction context of the Test is a set of 
virtual objects used to represent the world. In this world questions are 
located in specific positions. A set of objects around a specific position 
determines the interaction context of a Question-item. Avatars (conducted 
by students) have to interact with these objects in order to answer a 
question. For instance, the scenario represented can be the King Cross 
station of London, where questions are associated to different parts of the 
station. A question is located in the tickets’ office and the user can read it 
if s/he goes near of the office. Then the elements used to simulate the 
office can be used by the user to answer the associated question. 

This type of assessment activity is especially designed to be performed in 
a distance learning environment. 

 

4.4.2 Wonderland-QTI: The corresponding CBT-PSM 
and implementation by a third party 

The Wonderland-QTI PSM was designed in collaboration by a third party 
institution, the GAST research team (GAST, 2011) and the GTI team 
(GTI, 2011) in the Learn3 research project (Learn3, 2011) following the 
CBT framework and the CBT-PIMs of the Test and Question-item 
dimension. As a result the Wonderland-QTI system was developed 
(Morillo et al., 2010).  

This system combines: 1) the NewAPIS assessment engine (used in this 
dissertation to support the management of QTI resources) and 2) the Open 
Wonderland, a toolkit engine to deploy virtual worlds. The goal is to 
combine both systems in order to exchange information between 
NewAPIS and QTI. In the virtual world questions can be represented 
using the interaction context of the 3D space (objects and avatars). 
Students can do actions over this space in order to answer the distributed 
questions and solve the test. 

Wonderland-QTI: the system 

As explained in other implementations of this dissertation, NewAPIS 
(Blat et al., 2007) was developed by the GTI team at Universitat Pompeu 
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Fabra to make the engine compliant with QTI 2.1 and support the 
management of complete tests. 

NewAPIS is a modular item-rendering engine that is in charge of 
interpreting QTI v2.1 XML files. These files have to be previously created 
by a compliant authoring tool (e.g. Recourse (ReCourse, 2009) among 
others). NewAPIS manages the QTI XMLs and creates the XHTML of 
the test which is visualized by the users through a web player. The engine 
computes the interactions of the users when answering the questions. It 
stores all the assessment data, checks the answers of the students and 
calculates their scores using the information contained in the QTI files. 

Previously to the implementation presented in this section, newAPIS has 
been combined with other external services in order to extend the 
possibilities of QTI. The objective was to create new types of QTI 
questions and forms of user’s interactions. An example is the work 
presented in Chapter 4, Section 4.2.3, where the authors combine QTI 
with Google Maps with the objective of extending the specification with 
new types of geographical questions. Or the case of QuesTInSitu, where 
NewAPIS is used to manage the assessment information of assessment in 
situ activities (see Section 4.3.3). Considering these previous 
implementations, newAPIS was selected as the suitable QTI assessment 
engine that could be combined with the open virtual world Wonderland in 
order to extend the QTI specification with 3D interactions using the 
approaches proposed in the CBT-PIMs. 

The Open Wonderland virtual world is a cross-platform which provides a 
Java toolkit. This virtual world can be configured using external tools 
such as (Google, 2011c) that allows changing the world with new 3D 
objects, spaces and avatars. Wonderland is distributed client-server 
architecture (Ibáñez et al., 2010). An important module, is the so-called 
WebDav-based content repository, this repository stores the data common 
to all clients. The Wonderland code can be extended developing new 
functionalities and modules. This is the work implemented on this 
application case, where NewAPIS has been combined with Wonderland in 
order to enable the implementation of CBT scenarios compliant with QTI 
in a virtual world. The Wonderland-QTI checks the students’ actions in 
the virtual world to determine if they have to receive the instructions of a 
new question or they have to answer another one. A test is represented by 
the interaction context of the virtual world, where questions are 
distributed in different areas. The virtual space can represent the topic 
assessed in the test (e.g. a virtual representation of the city of Madrid). 
The elements of a question (e.g. body, answers, feedback) can be 
represented using the virtual objects or avatars included in the world. 
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As it has been explained before in the previous chapters, QTI is 
computationally represented by a set of XML files. This QTI XML files 
contain the information of tests, question-items and results reports. These 
files are computed by the NewAPIS engine. Considering, that QTI does 
not support Wonderland interactions, the standard has been extended in 
order to manage new students’ actions. A new XML file, WL-QTI, has 
been defined to include the following information:  1) the actions that 
students can do with the objects and areas of the world to receive the 
instructions of a question, and 2) and information associated to the 
method of receiving information from the world.  

A new module has been included in Wonderland in order to manage the 
WL-QTI files. Each QTI question XML file, is extended in a WL-QTI 
file. Then, as illustrated in Figure 26, when Wonderland requires a 
question, NewAPIS send the information and the module Wonderland-
QTI extends this information with the data contained in the file WL-QTI. 
However, the information of the correct answer, and the management of 
the response selected, and corresponding score/feedback is computed by 
the NewAPIS engine. 

 
Figure 26. Communication between the components (Morillo et al., 2010) 

 
As a proof of concept only QTI Multiple Choice questions have been 
extended. However, as the next subsection explains the Wonderland-QTI 
PSM has been designed to enable the extension of other QTI questions or 
to design new ones. 

Wonderland-QTI PSM 

The Wonderland-QTI implementation was designed following the CBT 
Conceptual Model presented in this dissertation. As a result the 



Implementing and experimenting advanced CBT 

138 
 

Wonderland-QTI PSM was designed. The Wonderland-QTI PSM (see 
Figure 27) extends de QTI standard with new elements to make possible 
the use of virtual worlds to assess students’ skills (P. Santos et al., 
submitted). In this case, the elements of the Test and Question-item 
dimension are analysed and used to create the advanced solution. The 3D 
space of the Wonderland virtual world (Wonderland, 2011) is used as the 
interaction context where the Question-items of the Test are distributed 
and assigned to a specific coordinate of the world. Students can use the 
3D graphical information of this space to understand the goal of the Test.  

Each question-item is represented with a specific set of 
WonderlandElements (3D objects and/or avatars) as interaction context. 
The itemBody of the question can be presented as text or as a message 
given by other avatar. The student has to solve the question doing some 
actions (moving the 3D objects, walking to a certain position, touching an 
avatar) and sending the input (the selection of a specific object, the click 
over a position, etc.) as the answer. Finally the question-items are 
processed applying specific validation rules that are based in patterns that 
consider the WonderlandElements that form the question. In this case, the 
Feedback message can be enriched with WonderlandElements. Instead of 
showing a textual message, an avatar or 3D objects can appear after 
answering a question as a message of response. 
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Figure 27. Wonderland-QTI PSM. The new extended Wonderland-QTI elements are represented in grey, the elements that follows the QTI 
standard in white. 
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4.4.3 Wonderland-QTI: Exemplary scenario 
Ibáñez, Delgado Kloos, Leony, García-Rueda, & Maroto (in press) 
explain how the virtual world Wonderland can be used in a hypothetical 
educational scenario for assessing Spanish as a second language. Their 
goal was to create the scenario for developing the following skills: 
reading, writing, listening and speaking. The Test and Question-items are 
represented, using Wonderland, as an immersive and motivating 
interaction context. In this context, students have to interact with the 
different objects in order to demonstrate their language skills in the way 
they would have to do so in the real world (see Figure 28). The interaction 
context imitates some cultural sights of the Madrid city where the final 
goal is to get access to the Prado museum. The world makes use of ICT 
support such as natural text chatting with synthetic characters, textual 
tagging of virtual objects, automatic reading of texts, and the integration 
of a 3D mouse in learning sequences in order to exploit the capabilities of 
3D virtual worlds. The Wonderland-QTI solution could be used in this 
scenario to simulate a Spanish real place where students have to answer 
questions interacting with the objects and avatars of the 3D world. For 
instance, students could demonstrate their understanding of the Spanish 
language by going to the virtual Prado museum and buying a ticket for an 
exposition. Another example of question could be to ask students to touch 
at least 3 pictures, inside the virtual representation of the museum, which 
corresponds to Velázquez. 

 

Figure 28. Avatar demonstrating his language skills 
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4.4.4 Discussion  
This scenario explains how a virtual space and virtual objects can be used 
to represent the interaction context of tests and question-Items. The 
question-items can be distributed in the world, and the avatars have to 
interact doing user actions with the objects in order to provide a user 
input. QTI questions can be extended with new types of interactions 
integrating the user actions that avatars can do in the virtual world. As 
demonstrated by other authors before (de-Freitas & Oliver, 2006; Jong, 
Lee, Lee, & Shang, 2010; Shang, Jong, Lee, & Lee, 2008), virtual worlds 
are a good option to simulate a learning environment where students can 
demonstrate their skills. Assessment system developers can take greater 
benefits of the characteristics of virtual worlds to represent an assessment 
activity, a Test and the corresponding Question-items. This environment 
enables the simulation of real-life tasks and with Wonderland-QTI the 
assessment of these tasks can be done. 

The importance of this application case deals on the combination of 
advanced questions and tests. This case exemplifies how a rich interaction 
context (in this case the 3D virtual world) can be used to enhance 
traditional types of questions. The Wonderland-QTI enhances Multiple 
Choice questions representing the choices with 3D objects or areas, and 
the user has to interact with these elements in order to answer the 
question. As we have mentioned before, this question has been designed 
as a proof-of-concept, however the Wonderland-QTI PSM has been 
designed to include more types of advanced questions. The aim is to take 
benefit of the 3D information and the actions that avatars can do in the 
virtual world, and combine both to adapt traditional QTI questions (e.g, 
Multiple Choice, Multiple Response, Order, among others) and create 
more authentic types of questions. On the other hand, the 3D information 
of the virtual world is used to represent the test. For instance if the topic 
of the test is the Spanish Industry Revolution, the virtual world can 
represent the main history facts of this period. And the questions can be 
organized in different areas of the virtual world (such as the QTI 
sections), and located in specific points into these areas. 

However, virtual worlds are not the unique interaction context which can 
be used to represent advanced questions and tests. As the CBT 
Framework and CBT-PIMs defines, in order to represent the interaction 
context of questions and tests virtual but also real objects can be 
employed. For instance the scenario represented in the section 4.4.3 where 
users have to do actions in a museum could be represented physically in 
the Prado museum. The museum itself could be the container of questions, 
and the pictures, statues and elements could be augmented with virtual 
information containing the questions. For instance, Pérez-Sanagustín et al. 
(2011) use NFC tags for augmenting real spaces with digital information. 
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Their aim was to help students to learn more about specific locations of 
their campus. The same idea could be used to associate questions and 
pictures in a museum. The pictures could be extended with augmented 
reality and students could see and answer these questions with a mobile 
device. 

The idea is to reflect that rich media but also physical objects combined 
with digital information can be used to create advanced CBT scenarios. 

 

4.5 Discussion: extending  IMS QTI 
As the previous application cases have indicated, the corresponding CBT-
PSMs extend the QTI standard with specific elements of the selected 
system (Google Maps in the case of QTIMaps and QuesTInSitu, and 
Wonderland in the case of Wonderland-QTI). In this section the details of 
the XML binding are explained. The resulted XMLs represent the 
mapping of the CBT-PSMs, and these files allow the computational 
representation of the advanced question-items and tests proposed in this 
dissertation. Details of each application case are presented in the 
following subsections. 

 

4.5.1 QTIMaps: QTI questions with Google Maps 
interactions  

The GTI group developed a flexible and powerful system, the QTIMaps, 
for including a wide variety of user interactions of geographic type with 
maps to perform assessment making use of GoogleMaps (Navarrete et al., 
2011). This solution was studied and modelled during this dissertation, as 
this chapter has explained in its corresponding application case. The 
technical implementation of this model is managed by a tool for 
supporting graphical interactive assessment combining the QTI traditional 
interactions implemented in NewAPIS, with the functions which are 
offered by GoogleMaps. This is a flexible, open, self-contained and 
modular technical solution. A Middleware enables the communication 
between NewAPIS and the API of GoogleMaps. The Middleware 
generates all the necessary javascript related to the map information and 
interactions, contained in an XML document (see the pattern included in 
Appendix B, section B.2.3 to understand this communication).  

The contribution of this approach is the combination of the QTI standard 
with multimedia Web 2.0 data (in this case Google Maps), as a result new 
complex representations QTI questions and new interactions are provided. 
The QTIMaps defines the new geographical interactions as a group called 
“GMapInteraction”. The tag <map> is included in the QTI XML file of 
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the question-item when a QTIGMaps question has to be used (see Figure 
29). When NewAPIS reads the tag <map>, it sends the path with the 
location of the Data Map XML (which contains the information of the 
map) to the Middleware. 

As it can be appreciated in the following XML (Figure 29), a new line 
<map src="GoogleMaps.xml" /> is included in a traditional XML of a 
QTI question-item. The GoogleMaps.xml (see Figure 30) contains the 
information related with the web map which has to be included in the 
question. On the other hand, when NewAPIS reads the following line 
<simpleChoice identifier="GMapInteraction" /> detects the 
GMapInteraction and it calls to the Middleware which is the responsible 
of managing the users’ interactions over the maps. 

 

 
Figure 29. Extract of an extended QTIMaps question-item XML 
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Figure 30. Extract of QTIMaps web-map XML 
 
The resulted question of this example is an enriched version of a QTI 
Multiple Choice question, where users can interact with a web map and 
they have to select the correct choice interacting with the Google Maps 
markers (see Figure 31). 

 
Figure 31. Choice Interaction using Markers in GmapInteractions 
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More information about the GmapInteractions is included in Appendix C, 
Section C.3. 

 

4.5.2 QuesTInSitu: QTI tests represented as routes of 
geolocated questions 

In the case of QuesTInSitu, tests are represented as routes of geolocated 
QTI questions. This means that each QTI question-item is associated to a 
real geographical coordinate. Representing QTI tests as routes is very 
simple. Figure 32 shows an XML which relates each question-item 
identifier with an associated latitude and longitude (when an XML of a 
QTI question is created it is defined by a unique identifier). 

 
Figure 32. QuesTInSitu route of geolocated QTI questions 

 
QuesTInSitu is in charge of reading this XML when a route has been 
selected. As section 4.3 has detailed, the route of questions can be 
visualized over a map of Google Maps (see Figure 19) or it can be 
accessed using a smartphone with GPS (see Figure 22). In the first case, 
the interaction context of the test is represented by the graphical data of 
the map. In the second case, the physical environment (a street, a park) is 
the interaction context which represents the test. In this case a new 
representation of QTI tests is implemented without modifying the XML 
binding of QTI. 
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4.5.3 Wonderland-QTI: Representing QTI tests and 
questions with 3D virtual worlds 

The extension of QTI in the case of Wonderland-QTI (W-Q) is similar 
than in the previous cases. In this case, the GAST team (GAST, 2011) in 
collaboration with the GTI team (GTI, 2011) has implemented advanced 
Multiple Choice questions as a proof of concept (Morillo et al., 2010). On 
the one hand, the organization of questions in the virtual world is similar 
than in QuesTInSitu. W-Q receives a traditional QTI test and the 
corresponding question-items. First, the system parses the XML of the test 
and it has to detect the number of questions and their corresponding 
identifiers. Previously, an author has associated the information of each 
question-item to specific areas of the virtual world. On the other hand, 
each choice of a Multiple Choice question is associated to different 
objects (or areas) of a specific location in the virtual world. This other 
information is contained in additional XMLs, these files include the data 
related with Wonderland. When W-Q detects that a user is in a question-
location, the question appears. The user has to interact with the virtual 
environment, when the avatar selects an object (associated to a choice) it 
is recognized by Wonderland and W-Q sends the corresponding ID to 
newAPIS. Then, NewAPIS is in charge of comparing the selected ID with 
the ID of the pre-established correct answer included in the QTI XML. 

In all the cases, QTIMaps, QuesTInSitu and Wonderland-QTI, we can 
observe that the current solution to enrich QTI with additional services is 
usingnada QTI XML files in combination with additional XML that extend 
them. These complementary XMLs have to contain the complex data used 
to represent advanced interaction contexts of tests and question-items. 
The management of the additional files falls on other engine (that acts as 
a middleware). This Middleware is used as a connection between the QTI 
engine and the specific system selected. 

 

4.6  Conclusion 
This chapter has presented a set of experiments and implementations 
compliant with the CBT conceptual model proposed in this dissertation. 
The design, implementation and evaluation of the corresponding 
experiments have been useful for adjusting the elements of the CBT 
Framework and CBT PIMs. As we have explained in Chapter Three, the 
CBT Framework has been designed to facilitate the use and 
comprehension of the relations between the three CBT dimensions (the 
Question-item, the Test and the Activity) when a CBT scenario is 
designed. We have worked following a participatory design with teachers 
and developers in order to design the corresponding CBT scenarios and 
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supporting systems. The CBT Framework captures what they have to 
consider when designing a specific CBT scenario. 

On the other hand, the CBT PIMs extend the QTI standard with new 
elements to computationally represent advanced CBT scenarios. The 
scenarios presented in this chapter are examples of advanced CBT cases 
which extend QTI using diverse technologies. The CBT PIMs have been 
used to guide assessment designers to know which elements they have to 
take into account to computationally represent advanced questions and 
tests. When a specific technology is selected to implement the extended 
elements, which are not covered by the QTI standard, then the CBT PIMs 
are adapted to the corresponding CBT PSM. These PSMs capture the 
information that developers have to use from QTI, and the information 
that they have to use from the specific technology selected. Finally, the 
assessment developers will follow the resulted CBT-PSM to implement a 
specific supporting system. In this dissertation the exemplary resulted 
systems were: 1) QTIMaps, the system that enables the creation of QTI 
questions enriched with Google Maps interactions. 2) QuesTInSitu, a 
system that enables the creation of routes (tests) of geolocated QTI 
questions. Finally, 3) the Wonderland-QTI, a system that uses virtual 
worlds for representing QTI tests and questions.  

As the previous section has presented, the mapping of the models into 
XML and its turning to experiments has been realised. The QTI XML 
binding has been combined with the specific XML representation of the 
extended elements proposed in the CBT-PIMs. In that sense, mapping of 
the CBT models proposed to XML has been tested, and, even the 
exemplary scenarios could be turned into reference implementations if the 
extension proposals were included in QTI (see an extended final 
discussion in Chapter Five). 

The application cases presented in this chapter demonstrate that following 
the CBT Framework and PIMs, advanced tests, questions and CBT 
activities can be created. The results obtained in the evaluation of the 
experiments show how teachers were able of assessing specific and 
transversal higher-order skills, promoting the put in practice of real-life 
tasks. The combination of: diverse technologies (web 2.0, GPS, mobiles, 
virtual worlds, among others), adequate learning environments (e.g., a city 
for learning town-planning concepts, a natural park for learning botany, a 
museum for learning art) and the use of enriched information (e.g., 
physical objects, 3D information) for representing and interacting with 
question-items and tests, enables as a result the creation of more authentic 
and formative CBT scenarios. 

In this PhD thesis, we claim that the Test dimension and its representation 
have to be considered for implementing advanced CBT scenarios. For 
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example the QuesTInSitu and the Wonderland-QTI application cases, 
show how real or virtual information can be used as interaction contexts 
for representing tests and organizing questions. The first one, uses the real 
information of a physical environment (a city, a natural park) to geolocate 
questions in different positions. The students need to interact with the 
environment, for example they have to walk with a mobile-phone and 
observe the environment in order to find the questions. On the other hand, 
the Wonderland-QTI uses the information of a virtual world to represent a 
test. On both cases, the interaction context used to represent the test 
dimension is essential to help students to understand the educational topic 
assessed. 

The experiments and implementations also have been used to understand 
the importance of distinguishing between the user action and the user 
input elements. The distinction between the user action and the user input 
helps to emphasize the participation of the student when answering. The 
final answer (input) is important, but also the process (action) that the 
student has to follow for delivering that answer. For example, in the 
QTIMaps case, users can draw, drag or move objects of a map and finally 
the input can be a line, a choice or a set of ordered elements. Also the 
distinction between user action and input help to use traditional types of 
questions and make them more complex. A clear example is the case of 
Discovering Sant Llorenç del Munt, where students had to interact with 
the physical environment in order to answer correctly traditional type of 
questions. In this case, the user input could be a choice of a MC question, 
but previously in order to know which the correct choice was, the student 
had to find a specific plant in the park and measuring it. 

The results obtained after the evaluation with real students show that the 
resulted CBT activities improve the students’ experience. Using diverse 
technologies (web 2.0, GPS, smartphones or virtual worlds) to represent 
tests and questions, and implementing new ways of interaction to solve a 
question, improve the student motivation. Students prefer this type of 
CBT activities because: these activities simulate real life tasks (they are 
using technology that use diary), their participation in the activity is 
higher (in comparison with answering a P&P test), and the activity is 
more dynamic. The input is a simple choice, however in order to deliver 
that choice the student has to make a complex task (find and measuring 
the plant) previously. 

The CBT Framework and the CBT-PIMs have been used to discuss, 
design and implement the cases and systems explained in this chapter. 
The framework, models and presented cases represent important 
contributions that can be used by other authors to envisage other advanced 
CBT scenarios. As we have seen in the three application cases presented, 
the elements contained in the framework and models give the general 
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elements to facilitate the design of specific advanced test based activities. 
As a future work, the extensions proposed by the CBT-PIMs, and 
implemented in the specific systems, could be included in the QTI 
standard. This extension could be used to implement a large range of 
advanced CBT activities. In the description of the application cases we 
have adopted the concepts of Model Driven Architecture of PIM and 
PSM, however the potential of this architecture for the automatic 
transformation of models has not been explored and represents an 
interesting future work. 
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CHAPTER FIVE 

 

CONCLUSIONS 
 

This chapter presents the main conclusions and contributions of this dissertation, 
as well as the future research directions. The main contributions lie in the 
Computing-based Testing conceptual domain, particularly, the proposal of a 
model for the CBT domain to facilitate the design and implementation of 
advanced scenarios and tools, extending the scope of the IMS Question and Test 
Interoperability specification. Future research directions are related to the main 
topics covered in this dissertation: modeling of the CBT domain, future scenarios 
and implementations and advances in QTI. 

A number of publications related to the work presented in this dissertation has 
been reviewed and accepted by the research community: two international journal 
papers published (and one submitted), two book chapters and five international 
conference papers, a nomination to the BDigital for Digital Innovation 2011 
award, and collaborations with international research projects such as the 
TENCompetence project (where an IMS award was received in the category of 
“Most Innovative New Realization of Standards” by the contribution done in the 
TENCompetence Learning Design Toolkit) and Learn3. Moreover, the QTIMaps 
case was selected by the ICOPER project as one of its top best practices for 
assessment and evaluation specifications and standards. These are indicators of 
the relevance of this research and show the importance of the future work derived 
from this research.  

 

5.1 Conclusions and main contributions 
During these four years of PhD research, we have been working in the 
analysis of current Computing-based Testing approaches. In this final 
conclusion, we indicate the main contributions of the dissertation with 
respect to the objectives presented in Chapter One as a summary of the 
research outcomes.  

In Chapter Two we have presented a literature review of the existing 
concepts, frameworks and models related with the CBT field. After 
studying the problematic of this field, we detected that it is necessary to 
use the potential of current Information and Communication Technologies 
(ICT) and apply it to assessment based on test. The word “Computer” 
does not capture all the technological possibilities of representing tests. 
For this reason, the term Computing-Based Testing (represented with the 
acronym, CBT) is proposed. Several ways of capturing the CBT 
conceptual domain are proposed by other authors, we detected that there 
are three main elements which have important relevance on these 
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approaches. Chapter Two claims that the CBT main elements are what 
we called the three dimensions of CBT: the Question-Item, the Test 
and the Activity.  

Important research in CBT deals with proposing new types of question-
items for assessment based on test. This dissertation has investigated this 
research line, but also has identified that it is necessary to use the potential 
of ICT for proposing new ways of implementing Tests and Activities 
based on tests. On the one hand, Chapter Two has proposed that an 
Interaction Context element can be used to increase the complexity of 
tests, its visual representation and the way students can interact with the 
information, as well as providing a more concrete context where question-
items can be located. The aim is to help students to understand better the 
goal of the test and the relation between the different questions. This was 
one of the challenges evaluated in the experiments presented in Chapter 
Four. In addition, the review of the literature allowed us to identify 
another limitation the learning aspects of an assessment activity have to 
be considered for designing it correctly, but we state that it is also 
important 1) to reflect about which the most adequate technology can be 
applied, and as well 2) to identify the learning environment where the test 
has to be answered.  

Considering these limitations we identified that a re-conceptualization of 
the CBT was necessary, and then the first objective of this dissertation 
dealt with modeling the Computing-based Testing conceptual domain for 
facilitating the sharing of information, the design and the implementation 
of advanced CBT scenarios and systems. Chapter Three faced up this 
objective. 

Chapter Two has also analyzed how educational technology specifications 
for assessment can be used for implementing advanced CBT scenarios. 
Specifically, the IMS Question and Test Interoperability (QTI) de-facto 
standard is selected as the best candidate for implementing our proposals. 
At the beginning of this research, we used QTI to include assessment in 
competence-oriented scenarios. The QTI tests were used in a flow of IMS 
LD UoLs. From the results of these experiments we detected advantages 
and limitations of QTI. First of all, QTI was selected as the best candidate 
because it is considered by the CBT community as the de-facto standard 
in assessment. Moreover, QTI supports interoperability with other 
educational specifications (such as IMS LD). And it provides a 
pedagogical model. However, after studying this standard the main 
limitations detected are on the one hand, the simplicity of the 
representation of its questions and tests, and on the other hand, as a 
consequence of its simplicity, the interactions with the questions do not 
require higher-order skills. Then the second objective is tackled, it 
involved to analyze the suitability of IMS QTI for computationally 
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representing advanced CBT scenarios, proposing extensions. Part of this 
objective was worked in Chapter Two. However, the proposal of 
extension of this standard was proposed in Chapter Three, and the results 
obtained after using QTI to implement advanced CBT scenarios were 
presented in Chapter Four. 

Previous objectives involved, on the one hand proposing the elements that 
we have to consider to model advanced CBT scenarios, and on the other 
hand extending QTI to support advanced CBT scenarios. A part from 
reviewing similar approaches, it was necessary to implement our own 
advanced CBT scenarios and implementations. In this way, Chapter Four 
has dealt with the third objective, evaluating the development of advanced 
CBT implementations and scenarios for supporting the assessment of 
specific higher-order skills, extending the IMS QTI standard. In parallel, 
we have been developing our implementations and experiments 
(presented in Chapter Four) and comparing them with the current 
literature of this field (reviewed in Chapter Two), we have been working 
in the three objectives simultaneously.  

In Chapter Three, we faced up the first objective and part of the second 
objective. We proposed a set of representative elements to model 
innovative CBT scenarios considering the three main dimensions: the 
Question-Item, the Test and the Activity. The main objective of Chapter 
Three was to model the CBT conceptual domain for facilitating the 
design, creation and implementation of advanced CBT scenarios and 
systems to assess higher-order skills. The first contribution of the 
chapter is a model which identifies the target users, roles and tasks 
done in the process of designing, creating, implementing and using a 
CBT scenario. This model offers a global view of the context of study. As 
a second contribution, we propose a conceptual framework for 
representing the necessary elements that have to be considered during 
the design of an advanced CBT scenario. The CBT Framework defines 
that it is necessary to identify the learning objectives and the skills that are 
going to be assessed in a desired CBT scenario. Then, it states that an 
adequate Interaction Context for representing the questions and the test 
has to be selected. In addition, it is necessary to distinguish between the 
input and the action that users will do to answer the questions. Once these 
elements are defined it is necessary to think about in which learning 
environment the test will be conducted. Finally, technicians will have to 
determine the technological devices and ICT solutions that fit better with 
the specific assessment context. The aim of the CBT Framework is to 
capture the elements that can facilitate the discussion between 
practitioners and technicians when they want to design a CBT scenario. 
When the design of a CBT scenario is finished then it is necessary to use 
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our third contribution, Chapter Three has proposed two models: the 
CBT-PIMs. One model is devoted to capture the main characteristics 
that advanced Question-Items have to accomplish, and other model is 
focused on the Test dimension. Both models represent an extension of 
the QTI Information Model. In this third contribution, part of the second 
challenge is achieved.  The extended proposed elements are independent 
of platform. These are general elements which can be specified in detail 
when a particular technology is selected as the most adequate for a 
particular CBT implementation and scenario. When it occurs, the result 
obtained is a CBT-PSM. A CBT-PSM represents the combination of QTI 
(based on the QTI v2.1 Information Model) with an additional technology 
(used to implement the additional proposed elements). The resulted PSM 
enables the computational representation of a specific advanced CBT 
scenario. 

In order to validate and evaluate the proposed CBT conceptual model a 
set of implementations and experiments were done with the objective of 
demonstrating that different CBT scenarios could be implemented. 
Chapter Four has evaluated the suitability and applicability of the CBT 
conceptual model through a set of experiments and implementations. Two 
case studies supported by additional experiments and scenarios, and an 
application case implemented by a third party are presented. The 
scenarios and systems implemented in these experiments represent 
exemplary contributions for the CBT field and QTI. The objective of 
extending the scope of QTI is accomplished in this chapter. The 
implementations described in Chapter Four extend QTI with the proposed 
elements contained in the CBT-PIMs enabling the creation of advanced 
question-items and tests.  

The first set of experiments is focused on evaluating the implementation 
of new types of question-items. In these experiments, students have to 
interact with the questions not only for answering but also for 
understanding the information that is related with the question itself 
putting in practice higher-order skills. As Chapter Two has introduced, 
traditionally questions are represented with textual data and students have 
to select the answer that they think that is the correct one, in the majority 
of cases only for demonstrating their knowledge. The QTIMaps case 
study shows how QTI can be extended with geographical interactions 
provided by Google Maps. This case has used the CBT-PIM of the 
Question-Item dimension, proposed in Chapter Three, to define the 
interaction context, the user action and input using Google Maps. The 
result was the QTIMaps-PSM and the corresponding 
implementation. The solution combines the benefits of using QTI with 
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the geographical interaction context for questions and functionalities 
that a web map provides. In order to implement this approach the 
QTIMaps questions are processed by a Middleware which communicates 
the QTI engine newAPIS with the API of GoogleMaps. The 
implementation of the QTI-GoogleMaps solution shows that the approach 
of using a Middleware to communicate the QTI engine with an external 
service could be replicated for designing other advanced CBT scenarios 
(as the Wonderland-QTI case also implements).  

With QTIMaps teachers can design geographical questions and assess 
skills which are impossible to assess with Paper & Pencil  tests. The 
results obtained after the evaluation show that using multimedia services 
(such as Google Maps) as interaction context to implement advanced 
questions enables teachers to design questions to assess higher-order skills 
and enhances the students’ motivation. In addition, students indicate that 
the use of Google Maps in the questions helps them: to be more 
participative answering the questions (distinguishing between the user 
action and the user input enables the design of questions which requires 
more student’s participation), to understand better the goal of the test and 
questions, and to strengthen their geographical memory. 

The additional scenarios which support this case study show that the 
QTIMaps solution can be applied in diverse educational disciplines, and 
not only in Geography. In addition, the QTIMaps-PSM is an exemplary 
model showing that the combination of QTI with other multimedia 
services is possible, and as a consequence other advanced types of QTI 
questions and new PSMs can be designed following the CBT-PIMs and 
the QTIMaps CBT-PSM presented in this dissertation. 

Moreover, the development of the QTIMaps application case let us to 
present another instrument for modeling the CBT domain: a set of patterns 
and a case story. This collection of patterns gives a solution for creating 
new types of questions for Geography. This is a first step showing that 
patterns can be used to model complex problems in specific contexts 
involving different CBT users. As a future work the development of more 
CBT patterns could enable the creation of a CBT PL. 

In Chapter Three, we have claimed that the Test dimension and their 
related elements (specified in its CBT-PIM) have to be considered for 
implementing advanced CBT scenarios. The potential benefits of these 
elements are demonstrated through the results obtained in the experiments 
done with the QuesTInSitu system. In fact, the CBT Conceptual Model 
and the participatory design with teachers enabled us to design the 
QuesTInSitu-PSM and corresponding implementation. QuesTInSitu 
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demonstrates that QTI tests can be represented as a route of QTI 
geolocated questions. As a consequence it offers a new way of 
representing tests and new types of CBT activities. This system allows the 
creation of traditional QTI questions that are associated to real 
coordinates. This approach enables us to propose two types of test 
activities: assessment in (virtual) situ and assessment in (real) situ. In 
assessment in virtual situ, the appearance of the map is important. On the 
one hand, the map is used to geolocate questions, and on the other hand it 
has to be related with the content of the questions. In assessment in real 
situ test are also represented as a route of geolocated questions, but in this 
case the questions have to be answered using a smartphone with GPS in 
the real associated location. Chapter Four has described the case study 
called Discovering Barcelona, the mini-case Discovering Sant Llorenç del 
Munt and other additional scenarios. The results obtained demonstrate 
that the QuesTInSitu tests and assessment in real situ activities are useful 
for teachers who want to assess skills which involve exploring a real 
physical space (e.g., a city, a natural park). The structure of the activity 
determines that the questions have to be answered using a mobile device 
in front of the real geographical position because the users have to 
observe or interact with the environment. The QuesTInSitu’s test is 
represented as a route of questions, and the physical environment is 
used as the interaction context. Students need to have physical context 
awareness in order to answer the question. 

The CBT Framework was used to facilitate the discussion with the 
teachers in order to design the Discovering Barcelona and the Discovering 
Sant Llorenç del Munt cases. In the first case, the city of Barcelona was 
selected as a learning environment and different streets of a set of districts 
were selected as interaction context where the route (test) of geolocated 
questions, were distributed. In the second case, the natural park of Sant 
Llorenç del Munt was selected as the learning environment of the activity, 
and a specific path with particular plants was used as interaction context 
where questions were geolocated. 

The QuesTInSitu cases are not innovative in terms of question-items 
(traditional textual questions were used) but they innovate in terms of 
visualizing the test information. The use of physical elements to represent 
the interaction context of a Test and GPS coordinates to manage the item 
distribution, adds complexity to the way students have to answer the 
questions. The results obtained in the experiments shows how the 
interaction context and the item distribution of a Test affect positively in 
the way that students understand the test, and solve the questions. The 
combination of handheld devices (smartphones), the distribution of 
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questions with GPS coordinates, and the fact of answering questions 
observing and interacting in the related learning environment promote and 
facilitate the put in practice of higher-order skills (social, exploratory, 
ubiquitous learning skills, among others). Again, the results obtained 
show that using innovative and advanced solutions for implementing test-
activities had a notable positive impact in the students’ attitude. In this 
case, the association of QTI questions with geographical coordinates 
enables a new representation and management of QTI tests. 

Finally, one of the objectives was to show that the CBT Conceptual Model 
is useful for developing advanced CBT scenarios and systems envisaged 
by other authors. Chapter Four has presented the steps followed by a 
third-party institution (the GAST research team) to develop a CBT 
scenario where virtual worlds are used to implement advanced QTI 
questions and tests. 

In this case, the CBT-PIMs were used to extend QTI with the 
Wonderland virtual world as interaction context. As a result the 
Wonderland-QTI PSM and system is implemented. The system (a 
Middleware) communicates the QTI engine (NewAPIS) with the open 
virtual world Wonderland, as in the QTIMaps case where NewAPIS and 
Google Maps share data. The Wonderland-QTI PSM enables the 
representation of QTI-Wonderland questions and tests. As a proof of 
concept a QTI Multiple Choice question is extended and implemented 
with Wonderland data. In the Wonderland-QTI solution the user has to 
interact with the virtual elements (interaction context) for finding and 
answering the questions. Avatars have to do actions in the world (e.g., to 
walk, to move objects) in order to provide the final input (answer) to the 
questions. This application case has not been evaluated in a real 
assessment scenario. However, it is based on real educational practices. 

As final conclusion, we can state that the results of the experiments and 
the resulted implementations enable us to state that we have achieved the 
global objective of this dissertation: the CBT Conceptual Model proposed 
enables the design and implementation of advanced CBT scenarios and 
tools, extending the scope of the IMS Question and Test Interoperability. 
The models and the exemplary scenarios can be used by other authors to 
envisage other advanced CBT scenarios. The QTI standard was used for 
computationally representing part of our proposals and it was extended 
with other external services for implementing the additional elements 
proposed in the CBT-PIMs.  After evaluating the resulted 
implementations in a diverse range of real assessment scenarios we have 
demonstrated and validated the educational benefits and advantages of 
implementing advanced CBT scenarios. These advanced CBT scenarios 
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enable teachers to design tests and questions for assessing transversal 
(such as exploration, teamwork, ubiquitous skills) and specific higher-
order skills. In addition, the implemented activities enhance the students’ 
motivation. The resulted CBT-PSMs are exemplary models that show the 
combination possibilities of QTI with other specific technologies. 
Assessment designers and developers can use these models to implement 
their own advanced solutions. The presented CBT-PSMs are reference 
models than can be used in the future to include the extensions proposed 
in the QTI Model. 

The main results and contributions of this dissertation have been 
presented, re-viewed and published in international journals, books and 
conferences of the TEL research community. The achieved publications 
are two international journal papers (Navarrete et al., 2011; Santos et al., 
2011) and one international journal paper submitted (Santos et al., 
submitted), two book chapters (Santos, Hernández-Leo, Navarrete, & 
Blat, 2011a; Santos, Hernández-Leo, Navarrete, & Blat, 2011b) and 
international conference papers, three of them regarding the initial steps of 
familiarization with the state of the art and analysis of QTI, worked during 
the TENCompetence project (Hernández-Leo, Santos et al., 2008; Santos 
et al., 2009 & Santos et al., 2009) and two conference papers derived from 
the  core of the thesis and work in the Learn3 project (Morillo et al., 2010 
& Santos et al., 2010).  

 

5.2 Future research directions 
This section summarizes a number of identified future research lines 
which are listed as follows: 
- Designing and implementing other advanced CBT scenarios and 

systems. The implementation of more examples of scenarios will 
show the potential and flexibility of the proposed elements. The 
experiments implemented in this dissertation used technologies such 
as computers, smartphones, GPS and multimedia graphics to 
computationally represent the questions and tests. However, other 
technologies also could be used. Initial steps of using complex 
technological devices for implementing CBT scenarios are currently 
undertaken in our research team. An example is the approach 
presented in (Arroyo et al., 2011), where a first experiment where 
multi-touch screens are used for answering questions was proposed 
and evaluated. The experiment is focused on evaluating the usability 
benefits of multi-touch screens for answering questions 
collaboratively in a museum-like environment. Questions are 
represented by a set of graphical interactive elements which can be 
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selected by various users at the same time. The results of the 
experiment lend support to the view that augmenting 
videoconferencing systems with a tangible shared space offers new 
possibilities and scenarios for remote collaborative environments and 
collaborative CBT. In next experiments the set of questions and the 
test could be implemented using and extended version of QTI 
following the CBT-PIMs of this thesis. Future implementations will 
let show that question-items and tests can be supported by different 
technological devices opening up the possibility of supporting new 
types of assessment activities based on tests. 

- Analysis of the collaborative possibilities of answering tests in 
groups. The majority of the tests implemented in this dissertation 
were designed to be answered by a student, and as a consequence to 
assess the skills of this student individually. In the Discovering 
Barcelona case, students were grouped and collaborated together for 
answering the test of the assigned district. Although the activity 
performed with QuesTInSitu allowed us to collect evidences about the 
put in practice of teamwork skills, the system does not enables to 
analyse the collaborative behaviour of the students (e.g. who selects 
an answer, or the discussions students made). Initial steps, for 
analyzing the collaborative process of answering a test have been 
presented in (Santos, Sabates, Hernández-Leo, & Blat, 2010) (best 
student paper award in the CAA conference). The Wiki-Test approach 
shows the potential of wikis for assessing and evaluating the 
collaborative answering of tests. An experiment with 19 students was 
done where the students worked in group in order to answer 
collaboratively a test. The final answers of the students but also the 
process of answering the test was analyzed using the information 
saved in the wikis. The analysis of this approach let us to have 
preliminary evidences that show that a wiki-test can be used by 
teachers to have some indicators about the collaborative skills of each 
member of the group. The paper also describes the necessary tools, 
functionalities and rules that teachers have to follow to create this 
collaborative space. The paper concludes indicating that the 
information saved in the log files (generated by the wikis) should be 
extended with more actions in order to enable a deep evaluation of the 
behaviour of the group when answering a test. As future work, the 
results obtained from this experiment and new ones can be used to 
create an automatic module for supporting the evaluation and 
monitorization of the collaboration performed for answering tests in 
groups. Additional approaches for supporting the collaborative use of 
CBT should be also explored. 
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- As Chapter Two mentioned, the IMS Global Learning Consortium has 
decided to repost the QTI v2.1 draft in order to evolve the standard. 
The implementations done in real assessment scenarios in this 
dissertation represent an important input to be considered as 
exemplary use of QTI v2.1. In fact, the implementations do not only 
represent exemplary application cases of QTI v2.1, they represent a 
significant extension of the standard (see Chapter Three and Four). 
The IMS QTI project group could use these contributions for 
proposing a new version of the standard.  

The next step would be including the proposed extensions in a future 
version of QTI. In Chapter Four, the CBT-PIMs have been followed 
to design three CBT-PSMs which have been used to implement 
specific implementations (QTIMaps, QuesTInSitu and Wonderland-
QTI). These implementations show that the mapping of the models 
into XML is possible. And the corresponding computational 
implementations of advanced QTI questions and tests have been done. 
Extending QTI with the proposed elements will enable the use of this 
standard to implement advanced CBT scenarios for assessing higher-
order skills. Besides, traditional uses of QTI can be still explored. 
Especially, the analysis of students’ outcomes and provision of 
feedback can be studied. An initial approach, regarding this research 
line, was presented in (Santos, Colina, Hernández-Leo, Melero, & 
Blat, 2009). The approach, the QTI-Rubric, proposes to use rubrics 
for enabling the easy management of the QTI assessment results and 
provide formative automatic feedback to the students. Researching 
complementary or alternative solutions for managing feedback and 
students’ results would be also of interest. 

- Automatic transformation of the CBT-PIMs to CBT-PSMs. In Chapter 
Four we have adopted the concepts of Model Driven Architecture of 
PIM and PSM, however the potential of this architecture for the 
automatic transformation of models has not been explored and 
represents an interesting future work. In future research, an authoring 
tool with suggestions for automatic mapping from CBT-PIM elements 
to specific CBT-PSM elements (according with previous selected 
requirements) could be implemented. 

- Developing the corresponding tools (e.g., authoring tools, engines) to 
support advanced CBT scenarios. In the cases of QTIMaps or 
Wonderland-QTI specific software has been implemented for 
managing the extended elements, not included in QTI, and 
representing questions with enriched interactive data. On the other 
hand, QuesTInSitu provides an authoring tool which supports the 
design, creation and implementation of routes (tests) of geolocated 
QTI questions. Assessment developers have to take into account that 
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the success of their implementations in real assessment scenarios will 
be possible if the systems can be used by their final users. More 
research and evaluation regarding the implementation of user-friendly 
authoring tools for creating test-activities should be done.  

- As discussed in the dissertation, when more CBT scenarios will be 
evaluated in real assessment scenarios, it would be possible to 
propose more patterns for solving specific problems in CBT. As 
Chapter Three proposes, patterns are useful for modeling complex 
problems occurred in specific CBT contexts. This dissertation has 
identified the different CBT target users, and it has explained that 
each community should have their own CBT Pattern Language. 
Although, this dissertation claims that a complex problem in CBT can 
be captured in different patterns for different target users involved in 
the same problem. Then it is proposed that including connections 
among these patterns and evaluating if the connections help to 
facilitate the communication between users from different CBT 
communities (e.g. teachers and assessment designers) could be a 
future research line. More research of this proposal has to be done 
when new CBT patterns are proposed.  

- Regarding this research line and the previous one proposed another 
future work is proposed. It deals with including CBT patterns in an 
authoring tool to guide teachers to select and design adequate tests, 
question-items and activities considering their needs. The resulted 
tool would be based on the approach followed in Collage (Hernández-
Leo et al., 2006) and the work done by Villasclaras et al. in (2009) 
which explains how to include assessment patterns in Collage (or its 
extended version, webCollage). Similarly, the implemented authoring 
tool should include the CBT Framework and the CBT patterns to 
support the design of CBT scenarios. 

- To study the inclusion of CBT activities in a flow of blended learning 
activities. In Chapter Two we have discussed and showed the 
interoperability possibilities of QTI with other educational 
specifications such as IMS LD. A first step of combining an advanced 
test activity (a QTIMap test) in a flow of LD activities was done in 
(de-la-Fuente-Valentín et al., 2010). A QTIMaps test was done, after 
exploring the university campus, for assessing the students. The test 
was included in a UoL with a set of LD activities. The results 
obtained in the test were collected by a system called GSI (Generic 
Service Integration System) (de-la-Fuente-Valentín et al., in press) 
which was in charge of managing the outcomes data and changing the 
flow of activities or organizing users in groups. Up to the moment, the 
exchange of information between QTI and IMS LD only has 
considered the outcome values of tests (e.g., score, number of 



Conclusions 

162 
 

correct/incorrect responses) as the data which can be used to change 
the flow of activities. However, other information such as the user 
actions or the inputs done over a question, or the path done for finding 
a question (like in the case of QuesTInSitu test-routes) should be 
considered in the future. These elements represent important outcome 
values than can be used to modify the flow of questions or activities, 
or to provide a more adjusted analysis of feedback. 

The suggested future research directions can be carried out by external 
researchers following as a reference the work done in this dissertation. 
Some of the research lines will be continued and carried out by our 
research group, the GTI, in collaboration with other research groups in the 
recently accepted project EEE: Orquestando Espacios Educativos 
Especulares (Spanish Ministry of Education and Science, TIN2011-
28308-C03-03).  
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APPENDIX A 

A. QTI versions 
 
QTI has three main versions since the first conceived version in 2002, the 
version 1.x. Then, a number of issues have been raised by implementers 
and reviewed in different QTI projects (IMS, 2006a).  

- IMS QTI 1.x version: completed in 2002 and was the first 
conceived version of the IMS QTI specification. This version 
enables the generation of question items and tests. 

- IMS QTI 2.0 version: This version appeared in 2005 and the 
main objectives were to obtain compatibility between different 
existing projects in order to solve the implementation problems 
encountered in the previous version. In the 2.0 version the 
individual assessmentItem is more important than the tests. In this 
stage, the implementers focused their work on the creation of 
different types of question-items interactions. The decision was to 
create an open model of interactions. The model was designed to 
facilitate the possibility of extending it with new elements. 

The 2.0 also improves the response-processing of question-items. 
The new types of questions increased the number of opportunities 
to answer and give feedback. 

Finally, in this version the implementers create a new method to 
use QTI in IMS Content Packages.  

- IMS QTI 2.1 version: This is the current version and appears in 
2006. Their main objectives are the simplification and the 
evolution of the specification. In this version, the main objective 
was to improve the management of assessment tests. Now the 
questions can be organized in sections. In addition, this version 
improves the exchange of results making possible the 
interoperability with other specifications (such as IMS LD).  

The QTI community is continually working on the improvement of the 
specification with their comments and ideas. 

 

A.2 QTI representation, XML file 
The information model of QTI v2.1 (IMS, 2006b) is defined as a set of 
classes and data types in an abstract way. The transcription of the model is 
represented with a set of eXtensible Markup Language (XML) files which 
contain the information of the Unit of Assessment (see Figure 33). The 



Appendix A 

164 
 

QTI XMLs schemas have to be validated following the corresponding 
Document Type Definitions (DTDs) defined by the information model 
(Sclater & Cross, 2003).  

 
Figure 33. Example of QTI – XML file (Sclater & Cross, 2003) 

A.3 QTI elements 
In this section the main QTI elements are described as follows. These 
elements are: items, sections, tests and summaries (IMS, 2006a).  

Questions (assessmentItem or Item): An individual item contains the 
information associated with the question (only one possible interaction), 
the response process and the feedback to score the candidate. The item is 
the smallest exchangeable object within QTI. The content of an individual 
assessmentItem, can be: text, images, graphic, etc. Since the 2.x version 
also support other XHTML or MathML content, for example this 
dissertation extends QTI questions with web maps in (Navarrete et al., 
2011). The corresponding class which implements the necessary methods 
and its attributes is the so-called: assessmentItem. 

Sections: A set of questions can be grouped in a section. A test can 
contain different sections (see Figure 34) and then the score of each 
section can be calculated. Moreover, optional sections can be created.  
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Figure 34. Example of IMS QTI section (IMS, 2006a) 

Tests (assessmentTest): A test is a group of question-items organized 
in sections (at least one section) or sub-sections. After answering a 
test the result obtained is the computation of the associated outcome 
values.  

Summary: This element contains the report result data information 
needed to evaluate for instance the final score or the number of 
response attempts. 

 

A.4 QTI assessment process 
The main objective of QTI is to facilitate the assessment based on tests. In 
IMS QTI v2.X the element answer is the same than the element 
interaction. There are some steps (see Figure 35) to get the assessment 
process. First, the student views the question, or the test, and s/he answers 
the question interacting with it. The second step is the correction of the 
question, checking the data generated after providing the response. 
Finally, the third step is the evaluation where the feedback is showed to 
the student. There are some different types of feedback such as: giving the 
student’s qualifications, provision of help, show the correct answer, etc.  
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Figure 35. Assessment process (IMS, 2006a) 

The flow of the response processing is indicated in Figure 36. When a 
user ends an attempt, then begin the process by which the delivery engine 
assigns outcomes based on the student answers. These outcomes may be 
used to provide feedback to the candidate. 

 
Figure 36. Response process (IMS, 2006a) 

 

A.5 QTI tools 
To construct, interpret, run and visualize the QTI XML files are necessary 
a set of software tools. In the following sections some examples of open 
source compliant QTI tools which are described. 

A.5.1 QTI engines 
A QTI engine is necessary to run, interpret and validate the QTI tests. 
This software interprets and processes the information contained in the 
XML document. The engine has the corresponding classes of the QTI data 
model. The engine has to construct the test allowing doing interactions 
over it, processing the user-interactions and finally returning the related 
outcomes (the correct answer, feedback, the score, etc.). 
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The main open-source QTI-engines are listed as follows: 

- APIS (Assessment Provision through Interoperable Segments): 
APIS (APIS, 2004)  was one of the firsts open source projects which 
implements IMS QTI. It was created by University of Strathclyde 
University of Southamptom in 2004. The aim of the project was to 
implement a modular assessment system in line with the IMS QTI 
version 2.0.  This engine provides the basic libraries required for 
constructing, delivering and assessing some of the QTI interactions 
and their response items. The project is available in 
http://sourceforge.net/projects/apis/. 

- R2Q2 (Rendering and Response processing services for QTIv2 
questions): R2Q2 (R2Q2, 2006) was an open source project from the 
University of Southampton. The main objective of this project was to 
produce a complete engine, using a Web Service, to render and 
respond to all question items of the QTI version 2.0. This engine was 
designed to: to validate QTI questions, to provide an appropriate 
service-oriented architecture for an assessment framework. 

- NewAPIS: NewAPIS (Blat et al., 2007) is an extension of the APIS 
project, developed by the GTI group in the University Pompeu Fabra 
(GTI, 2011). This engine interprets the QTI v2.1. The previous 
explained engines only manage question items but New APIS 
introduce new functionalities such as: management of tests, new types 
of interactions and response processing. We selected NewAPIS to 
interpret the QTI data used in this thesis.  

 

A.5.2 QTI editors 
There are two options to create a QTI XML document. First, to ‘hand-
code’ the XML elements using a text editor or a XML editor. Second, to 
use a high-level compliant authoring tool. These tools facilitate the 
generation of QTI files, although it is necessary to have some knowledge 
about the different existing elements of the specification (Griffiths & Blat, 
2007).  

The following QTI editor is an example of authoring tool. 

- ReCourse: The TENCompetence project (TENCompetence, 2009b) 
developed an authoring tool, ReCourse (ReCourse, 2009), designed to 
facilitate the edition and creation of UoLs. This authoring tool has a 
module which enables the edition of QTI tests and its inclusion in 
UoLs. The ReCourse tool has been used in this dissertation to create 
the QTI files and provide support to traditional assessment in the 
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following real educational scenarios (P. Santos et al., 2009; P. Santos 
et al., 2009) . 

- JISC QTI Tools: The JISC foundation (JISC, 2009) has founded 
projects such as the ASDEL project which has been developed a 
collection of QTI tools (Wills et al., 2008) for playing, validating, 
rendering and creating QTI questionnaires. And the AQuRate project 
(aQuRate, 2008), which has developed a multi-platform open source 
authoring tool for QTI2.1 content. 

 

A.6 QTI interactions 
The most important action in the assessment process is the interaction. 
When a user interacts with an item, s/he selects or constructs a response. 
This response is stored in the response variables, and finally the engine 
manages these responses in the correction process. The task of the engine 
is to interpret the XML file that contents the information of the questions 
and their related interactions. The abstract class which defines all types of 
interactions is called: interaction. 

QTI defines four types of different interactions: 

1. Simple Interactions 

2. Text-based Interactions 

3. Graphical Interactions 

4. Miscellaneous Interactions 

Each category defines different types of interactions. Table 11 
summarizes the information related with all the QTI interactions. For each 
interaction the following information is described:   

 The group of the interaction. 

 The type of interaction /name of the interaction. 

 The name of the class, attributes and derived classes. 

 A brief description of the utility of this interaction. 

The information contained in this table describes the current types of 
interactions implemented in the last version 2.1 of QTI (IMS, 2006a).  
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A.6.1 QTI interactions summary 

The following table summarizes the information of QTI v.2.1 interactions encountered in (IMS, 2006b). 

Table 11. QTI version 2.1 Interactions 

Group 
Type of 

Interaction 
Class Description 

Simple 
interactions 

Choice choiceInteraction 
(blockInteraction) 

The user will view a set of choices, and s/he will be able to interact with this 
different choices. S/he will have to select one or more choices (with a 
maximum of selections, according to the value that the teacher has given to the 
variable “maxChoices”).  
When the question starts, there is no option selected. 

Simple 
interactions 

Order orderInteraction 
(blockInteraction) 

The user will view a set of choices, and s/he will have to reorder the different 
options.  The teacher can select a maximum or minimum of ordered options as 
a required (changing the value of the attributes maxChoices and minChoices) 

Simple 
interactions 

Associate associateInteraction 
(blockInteraction) 

The user will view a block (blockInteraction) of different choices. The user will 
have to create associations between the different options. 

Simple 
interactions 

Match matchInteraction 
(blockInteraction) 

The user will view a block (blockInteraction) with two sets of choices. Then 
s/he will have to create associations between pairs of choices, or sets. The 
association will have to be in different sets. 
The teacher can create restriction using the values of the attributes matchMax 
abd matchGroup. 

Simple 
interactions 

Gap Match gapMatchInteraction 
(blockInteraction) 

The user will view a block (blockInteraction) where there are a number of gaps 
that the user will fill from an associated set of choices, taking into account the 
context of the content. 

Text-based Inline choice inlineChoiceInteraction The user will view a set of choices, each of which is a simple piece of text. 
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Interactions (blockInteraction) Then s/he will have to choices one of the options (a simple piece of text). 

Text-based 
Interactions

String stringInteraction(abstra
ct class) 

The user will be able to interact with textual or numerical strings. 

Text-based 
Interactions 

Text entry textEntryInteraction 
(inlineInteraction, 
stringInteraction) 

This is an inlineInteraction where the user will be able to entry a simple piece 
of text. Like inlineChoiceInteraction, the engine must allow the user to review 
her/his choice within the context.  

Text-based 
Interactions 

Extended 
Text 

extendedTextInteractio
n (blockInteraction, 
stringInteraction) 

The user will view a block (blockInteraction) where s/he will be able to write 
an extended text. 

Text-based 
Interactions 

Hot text hottextInteraction 
(blockInteraction) 

The user will view a text with some sentences as a set of choices. Like 
choiceInteraction, the user will select a set of choices with a maximum of 
maxChoices. Normally, when the question start the interaction is initialized 
from de defaultValue = NULL (no choices are selected). 

Graphical 
Interactions 

Graphic  graphicInteraction 
(blockInteraction) 
Derived classes: 
GraphicAssociateIntera
ction, 
graphicGapMatchInter
action, 
graphicOrderInteractio
n, hotspotInteraction, 
selectPointInteraction 

The characteristic of this interaction is that  it has an associated image as an 
object. 
 
 

Graphical 
Interactions 

HotSpot hotspotInteraction 
(graphicInteraction) 

Like in the hotText, in the HotSpot interaction the user will view an image with 
different areas (hotspots) as a set of choices. The user will have to select one or 
more areas. This interaction with hidden hotspots is achieved with the 
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selectPointInteraction. 

Graphical 
Interactions 

Select Point selectPointInteraction 
(graphicInteraction) 

The user will have to select one or more points in a graphic. The associated 
response may have an areaMapping that score the response of the interaction, 
with a predefined and hidden area created by the teacher.  

Graphical 
Interactions 

Graphic 
Order 

graphicOrderInteractio
n (graphicInteraction) 
 

A graphic order interaction allows the user to interact with a set of different 
areas of the image as in a choice interaction. The candidate's task is to impose 
an ordering on the areas (hotspots). We can use this interaction when the 
graphic and spatial information is important for the context of the question. 

Graphical 
Interactions 

Graphic 
Association 

graphicAssociateIntera
ction 
(graphicInteraction) 

In this interaction the user can associate different set of areas of an image, with 
each other. This interaction is useful when it is necessary to associate graphic 
elements in a question. 

Graphical 
Interactions 

Graphic Gap 
Match 

graphicGapMatchInter
action 
(graphicInteraction) 

In this interaction a set of gaps are defined as areas in an image. The user can 
select set of areas of images (that are located outside the main image), and 
associate these gaps. The action of positioning the choice in the gap is called 
“drag and drop”. 

Graphical 
Interactions 

Position 
Object 

positionObjectInteracti
on (interaction) 

In this interaction the user has to select a single image which must be 
positioned in a specific area in a main image. This interaction is similar to the 
selectPointInteraction. 

Miscellaneous 
Interactions 

Slider sliderInteraction 
(blockInteraction) 

The user can manage a slider to select a numerical value between ranges of 
numbers. 

Miscellaneous 
Interactions 

Media mediaInteraction 
(blockInteraction) 

This interaction allows the users more control over the way that they interact 
with a time-based media object and allows the number of times the media 
object was experienced to be reported in the value of the associated response 
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variable, which must be of base-type integer and single cardinality. 

Miscellaneous 
Interactions 

Draw drawingInteraction 
(blockInteraction) 

With this interaction the user can use different drawing tools to modify an 
image.  

Miscellaneous 
Interactions 

Upload uploadInteraction 
(blockInteraction) 

Using this interaction the user can upload a file to the server of the system. 

Miscellaneous 
Interactions 

Custom customInteraction 
(block, flow, 
interaction) 

The custom interaction is used to extend the QTI specification to include 
support for interactions not currently documented. 

Miscellaneous 
Interactions 

End Attemp endAttempInteraction 
(inlineInteraction) 

This interaction allows item authors to provide the candidate with control over 
the way in which the candidate terminates an attempt. The candidate can use 
the interaction to terminate the attempt immediately, typically to request a hint. 
It must be bound to a response variable with base-type 
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APPENDIX B 

B.1 Alexandrian’s pattern format 

The pattern Title/Name: a name that describes the pattern. The title of a 
pattern is marked with zero, one or two asterisks (*) (Hernández-Leo, 
2007). 

o Two asterisks (**): the meaning of (**) denotes a pattern that 
state invariants i.e., this pattern is essential and that the 
associated problem cannot be solved in a significantly 
different way. 

o One asterisk (*): means that they are on the right track, but 
they can be improved. 

o No asterisk: means that this is not the best way to solve the 
problem, but the creator has not found another way. 

 The problem: this is a description of the problem that the pattern 
solves. This part is highlighted in bold type. 

 Context: this is a description of the situation where the pattern has to 
be applied.  

 Forces or trade-offs: These helps to understand the intricacies of a 
problem. 

 Solution: this part describes the structure of the solution, the steps, 
which we can apply to solve the problem. This part is highlighted in 
bold type. 

 Example: a diagram or a visual analogy is added as a help to 
understand better the solution. 

 Force resolution or resulting context: a good pattern describes what 
forces are unresolved, or the different combinations with other 
patterns that we can apply and how the context then is changed. 

 Design rationale: this section explains the origin of the patterns, and 
some cases of study applied before. 
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B.2 A collection of patterns for different target users 
These patterns have been extracted from the following publication (P. 
Santos, Hernández-Leo, Navarrete, & Blat, 2011a). 

 

B.2.1 A pattern for a teacher: “Evaluation of 
Explorative Skills using eQuestionnaires” 
Context: In some learning areas the teacher has the need to use models to 
represent realistic structures (e.g., DNA molecule, the human body, a 
map, etc.). This pattern provides a solution in a context where automatic 
assessment, needs to be offered (e.g., opportunities for self-assessment) 
and where graphical explorative (e.g., 3D images) and spatial perception 
is needed. 

The problem: The problem becomes when the teacher wants to evaluate 
the explorative skills of their students. A simple image or text is not 
enough because these materials does not enables evaluate this specific 
skill, for instance the students can not interact with the picture. 
Furthermore the teacher needs an automatic method of collecting the 
students’ results or to provide self-assessment opportunities to the student. 

Forces or trade-offs: When a teacher wants to evaluate the explorative 
skills of their students (for instance, knowing the situation of a city in a 
country, and this in the world) the teacher does not have enough with 
traditional assessment such as paper-based questionnaires (Conole & 
Warburton, 2005).  Traditional assessment does not enable interacting 
with the information and collecting the student’s results in an easy way. 

Solution: One solution to the problem of evaluating explorative 
interaction is combining a multimedia Web 2.0 service with electronic 
questionnaires (eQuestionnaires). These eQuestionnaires enable students 
interact with the information, for instance: some different movements 
over a graphic, zoom, drag, draw, spatial (x,y,z) movements,  etc. If the 
eQuestionnaire uses an educational standard or specification, it fact 
facilitates the interoperability of your questionnaires among different 
systems. And it enables the re-use of Question-Items and the exchange of 
Question-Items and eQuestionnaires with other colleagues. 

Example: Teachers can create eQuestionnaires using the IMS QTI 
specification (IMS, 2006a). Thanks to the interoperability of this 
specification, a multimedia Web 2.0 service can be integrated in the 
Question-Item as a graphical interface where the students can explore 
their knowledge. Navarrete et al. propose in (Navarrete et al., 2011), an 
example of eQuestionnaire editor which allows the creation of QTI 
questionnaires with interactive maps from GoogleMaps (see Figure 37). 
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Figure 37. QTI-GoogleMaps questionnaire editor 
 

 

Pattern that completes this pattern: “Implementation of Multimedia 
Web 2.0 Question-Items using an Assessment Specification to design 
eQuestionnaires”. 

 

B.2.2 A pattern for the specification expert designer : 
“Modeling new Question-Items using a Multimedia 
Web 2.0 service” 
Context: The creation of new types of questions is identified by a teacher 
as a need for evaluating their students. The specification expert designers 
are the users who have to analyse the technical requirements of this need 
and create a model which enables the design of a new set of interactions 
for evaluating the skills targeted by the teachers. 

The problem: Teachers needs new types of questions to evaluate more 
students’ skills than with traditional paper-based assessment they can not. 
Computer Assisted Assessment enables the creation of these new types of 
questions using an assessment specification (Conole & Warburton, 2005). 
The problem becomes when the specification selected doesn’t have the 
interactions which we need. But we know a multimedia Web 2.0 services 
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which offer useful interactions for our need. Then, we want to combine 
the functionalities of our assessment specification with the functionalities 
of the multimedia Web 2.0 service. 

Forces or trade-offs: The specification expert designer has to select an 
assessment specification which enables interoperability between different 
systems. It is completely necessary that the specification enables 
interoperability between different tools of different systems. It is 
important because this characteristic makes possible the communication 
between different systems such as the Multimedia Web 2.0 service and 
the assessment specification which we used to create the Question-Items 
(IMS, 2008). 

Solution: Make sure that your assessment specification enables 
interoperability with other services. In addition you have to choose a 
multimedia Web 2.0 service with an open API. Then combine the 
functionalities offered by the assessment specification and the 
functionalities of a multimedia Web 2.0 service, with minimal impact on 
the other one. The student has to visualize the information related to the 
verbatim question (managed by the assessment specification), and the 
multimedia information (managed by the multimedia Web 2.0 service) in 
the same context (see Figure 38 (a)). To combine the assessment 
specification and the multimedia Web 2.0 service a useful solution is the 
creation of a model of interactions (see Figure 38 (b)). This model has to 
contain the organization structure of the elements which conforms our 
area of interaction. We have to define three important elements:  

 Configuration Parameters: these elements are the parameters that 
you have to fill up in order to contextualize the multimedia material 
with the question. 

 Graphic Elements: this label has to contain the set of graphical 
elements that the user can use over the area of interaction. 

 Interaction: 

o Interaction type: to specify the type of interaction. 

o Method: a set of rules or an algorithm to calculate if the 
interaction (answer) is correct or not. 

o Pattern: the necessary elements required by the method. 

o Relation: this is the type of relation between the user input 
and the pattern that the method verifies to check the answer. 

o User Input: the type of input that the user has to do to 
interact with the area. (e.g.: the user has to do a click in a 
position of the area of interaction. This click is the user input). 
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Area of Web 2.0 interaction 

Area of the verbatim Question (defined by 
the assessment specification) 

(a) 

  (e.g., SingleChoiceInteraction) InteractionType 

(e.g. 
Graphic) 

 

Method 

  (e.g. polygon) 

   ( e.g. line) 

   (e.g. point)  

  (e.g. GeographicCheck) 

Assessment
specification 

Area of Interaction

Multimedia Elements 

Interaction 

Pattern 

Relation   (e.g., Contains) 

  (e.g. Polygon ID) 

UserInput   (e.g. click) 

  (e.g. Buffer width  (50000 )) 

ConfigurationParameters 

(b) 
 

Figure 38. (a) Interactive multimedia question (b) Model of interactions 
  

It is expected that when the user, doing an interaction, makes an input and 
submits the question, if the UserInput corresponds to any element of the 
assessment specification it will be managed by the specification 
functionalities. If not the UserInput will be managed by the Method 
indicated in the Interaction. In both cases the assessment specification 
managed the feedback for the student. 

Example: A specific case of how to apply geographical interactions using 
GoogleMaps in combination with the QTI specification (IMS, 2006a) is 
proposed in (Navarrete et al., 2011). 

Patterns that completes this pattern: “Evaluation of Explorative Skills 
using eQuestionnaires”. 

 

B.2.3 A pattern for a developer: “Implementation of 
Multimedia Web 2.0 Question-Items using an 
Assessment Specification to design eQuestionnaires” 
Context: A new model of Question-Items which combines an assessment 
specification and a multimedia Web 2.0 service has been created by a 
specification expert designer. The developers are the persons who have to 
analyse the technical requirements of this new model of Question-Items 
and create an application which can be implemented in an eQuestionnaire 
editor. 
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The problem:  We want to implement a communication access 
mechanism between an engine that supports an assessment standard or 
specification (a client) and a multimedia Web 2.0 service (a server). We 
need to have access to the APIs of the both services. The specification 
expert designer has defined a model of interactions to combine: the 
interactions defined by the specification with the new interactions of the 
multimedia Web 2.0 service. We want to implement these interactions 
making the minimum changes in the code of both APIs. 

Forces or trade-offs: The pattern tries to provide a flexible solution 
which can be increased with new multimedia Web 2.0 services in the 
future. There are other solutions of combination of interactive graphical 
applications in eQuestionnaires, such as the proposed by (Klaus & 
Leonhard, 2004). They proposed their own implementation of the 
graphical interface. But it is a rigid and close solution and the 
development of your own graphical interface means more time of 
development. 

Solution: The developer has to develop a flexible, open, self-contained 
and modular technical solution to implement the new model of 
interactions. It is necessary to communicate the data information of the 
interactions carried out over the multimedia Web 2.0  service (server) 
with the engine (client) which interprets the assessment specification. S/he 
has to have access to the APIs of the both services, because s/he has to 
communicate the services for exchanging data. The developer has to 
communicate a set of objects in a distributed environment; the solution for 
communicating the engine of the assessment specification with the 
Multimedia Web 2.0 service tool is to use a Middleware. This Middleware 
implements all the information necessary to make invisible the 
communication between the client and the server. It has to contain all the 
classes which implement the new types of items, according to the model 
of interactions, and all the classes which enable the communication 
between the assessment specification with the functionalities of the 
multimedia Web 2.0 service. 

For this situation we represent our pattern in Figure 39. Our client (the 
engine with the API of the assessment specification) requests a service 
provided by the Middleware, this means that the minimum change we 
have to add in the client is the code for transferring information to the 
Middleware. The Assessment Engine receives an eQuestionnaire which 
have to be interpreted; this eQuestionnaire contains questions with items 
which have to be processed by the Middleware. The client sends a petition 
to the Middleware with the information of these items. The Middleware 
processes the petition and send a result to the Client-Side Interceptor. The 
Client-Side Interceptor is a browser which opens a Web page where the 
user will be able to visualize the eQuestionnaire and interact with it. When 
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the result, created by the Middleware arrives to the Client-Side, the 
Client-Side starts a call to the Server in order to visualize the multimedia 
information offered by the Server. In this moment the user can visualize 
the new items and interact with them.  

     

                                                                                     

 

Communication System 

Server 
API 
Web 2.0  
Graphical service 

 

 

  Middleware 

Client 
Assessment Engine 

 

 

 

Client-Side 
Test web page 

 

Figure 39. Graphical explorative interaction using an assessment specification 
 
Example: In the following example, we can see a specific approximation 
of this pattern to communicate an assessment specification called QTI 
(IMS, 2006a) with GoogleMaps to provide new interactions without 
changes in the specification.This system is the Middleware proposed by J. 
Bouzo in (Bouzo et al., 2007). In Figure 40 and 41 we can see the 
communication process between the different elements. We separate the 
process in two phases:  

 

 Map-Questionnaire presentation process: this occurs when we 
want to visualize a QTI questionnaire which integrates questions with 
interactive maps from GoogleMaps. 

 Map-Questionnaire interaction process: this occurs when students 
can visualize the map and then they can answer the different questions 
interacting over the graphical maps from GoogleMaps. 
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Figure 40. Communication between APIS and GoogleMaps using a Middleware 

Map-Questionnaire presentation process 

1. The client, APIS, reads a QTI questionnaire. This is a Unit of 
Assessment with different XML documents. 

2. When APIS is reading the Question item XML and finds the tag 
<map>, APIS sends the path with the location of the Data Map XML 
(which contains the information of the map) to the Middleware. 

3. The Middleware parses the information contained in the Data Map 
XML. Then it writes the necessary javascript code to draw all the 
information about the map. It is in that moment when the information 
related to the treatment of the interaction associated to the different 
map questions is added in the same javascript code.  This javascript 
code is used to carry out the communication with the API of 
GoogleMaps when it is integrated in the HTML of the Web Map-
questionnaire (Client-Side). 

4. When the Middleware generates the JavaScript code associated. This 
JavaScript code is sent to APIS. 

5. APIS creates with this information and the information contained in 
the other XML documents, an HTML with the Map-Questionnaire. 
Finally it sends the information of the questionnaire to the Web Page 
(Client-Side). 
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6. When the Web page needs the information contained in the JavaScript 
does a call to the API of GoogleMaps (Server). 

7. GoogleMaps sends the graphical information of the map, and finally 
the user can visualize all the information of the Map-questionnaire. 

API GoogleMaps 
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Figure 41. Interaction in a QTI questionnaire with interactive maps from 
GoogleMaps 

 
Map-Questionnaire Interaction Process 

1. The user does an interaction over the map (which is contained in the 
Web questionnaire). The source code of the Web page contains the 
functions to generate the javascript related to the interaction 
performed. (When the interaction over the multimedia service is not 
used as an answer, in this case, there are not any javascript functions 
to treat the interaction.) 

2. If in the step 1 with the interaction a new javascript code has been 
generated, the GoogleMaps API sends the information related to this 
javascript. Then the user can visualize in the WebPage the 
information related to the interaction. 

3. When the user finalized the interaction, press the button “submit” in 
the Web page with the map-questionnaire. In this case, if the 
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interaction does not belong in the QTI specification, the Web-page 
has to contain the javascript functions which enable to do the logic 
related to this interaction and process the response. Then it sends the 
user-response or the processed-response to APIS.   

4. APIS receives the answer submitted by the user. APIS reads in the 
Question-Item XML and detects that the type of interaction is a 
“GmapInteraction”, this tag means that the processing of the response 
have been performed by the javascript functions contained in the 
Web-page. APIS only has to do the assessment of the response. 
Comparing the submitted response with the correct answer contained 
in the Question item XML. 

5. Finally APIS send the HTML code with the response to the Web-
Page. The user can visualize his/her score. 

Patterns that completes this pattern: “Modeling new Question-Items 
using a Multimedia Web 2.0 service”. 

 

B.3 Case story: Assessment of geographical skills using 
interactive maps in an eQuestionnaire 

 

SUMMARY 

 Using QTI-GoogleMaps eQuestionnaires to assess geography-related skills 

SITUATION 

What was the setting in which this case study occurred? 

The class was a group of 14-16 years-old students in the secondary school 
DUC de Montblanc in Rubí, Catalonia (Spain). The Geography and 
History teacher was used to using a range of materials to teach geography: 
text book, paper-based maps and on some special occasion he used a data 
projector to show digital resources such as Google Earth. Assessments 
were always of the form of paper and pencil examinations with blank 
maps.  

TASK 

What was the problem to be solved, or the intended effect? 

The teacher wanted to use a Web Map Application (WMA) for 
assessment purposes because it has enriched geographical data. The blank 
maps that he normally used in his exams do not enable the assessment of 
important IT Geographical skills included in the educational curriculum. 
Moreover, when he included blank maps in the paper & pencil tests he 
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had a hardworking task designing the test and manually assessing the 
answers.  

The teacher wanted to evaluate the knowledge of his students but also 
their spatial skills using a map, something which cannot be performed 
satisfactorily using blank maps. He knew that WMAs have functionalities 
such as: zoom, selection of different types of maps or addition of 
geoLocated elements. The teacher wanted his students to learn how to use 
these functionalities for developing important skills in the Geography area 
and, therefore, he needed to be able to assess whether they had acquired 
these skills.  

For instance, the teacher might want to assess whether students could 
locate on a map the exact position of the city of Barcelona, or whether 
they could draw the best route between their school and the main train 
station of the town, or whether they could find the highest mountain of 
each of the six continents, etc. 

Summarising, the problems associated with this task were: (1) to find a 
solution to assess geographical skills using a web map; (2) the solution 
had to be simple enough to perform an assessment activity with a big 
group of students and (3) the teacher had to assess the students’ 
interactions and the outcomes obtained as a result of the interaction with 
the web maps. 

ACTIONS 

What was done to complete the task? 

Computer Assisted Assessment (CAA) solutions provide innovative and 
powerful modes of assessment that enable teachers to use new questions 
for assessing a bigger range of student’s skills (Conole & Warburton, 
2005).  

In this case, the teacher was very interested in assessing the students using 
a WMA, so a tool was developed that enabled the creation of an 
eQuestionnaire with interactive web maps.  

The tool was created following the educational technology standard for 
assessment, the Question & Test Interoperability standard (IMS, 2006a). 
The WMA selected was Google Maps (Google, 2011a) because it allowed 
free access to the code of the software. The web maps were used with the 
objective of creating enriched questions in the field of Geography. In 
Figure 42 a screenshot of the editor 
(http://sourceforge.net/projects/qtigmaps) that creates the QTI-
GoogleMaps questions is shown. 
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Figure 42. QTI-GoogleMaps questionnaire editor 

As Figure 43 shows, a teacher can create questions using the QTI-
GoogleMaps editor producing a QTI questionnaire with web map 
questions. This has to be interpreted by an engine compliant with the QTI 
standard. A Middleware was implemented to mediate the communication 
between the QTI engine and Google Maps, this middleware manages all 
the information related with the web map questions. The students can 
visualize and interact with the questions using the geographical 
functionalities and information provided by Google Maps. 
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Figure 43. Creation, publication, visualization and interaction of the QTI-
GoogleMaps questionnaire 

The teacher prepared a test, using the editor, contained eight questions 
related to topics from the course. The experiment was performed in a 
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laboratory of the secondary high school DUC de Montblanc, with the 
teacher of Geography and History and his group of students. The 
laboratory classroom had 12 computers and Internet connection. The 
software (the QTI-Google Maps software) was installed on the computers 
of the laboratory.  

On the day of the activity, three researchers helped in the organization of 
the examination and checked the computers. The teacher arrived before 
the students, and reviewed the eQuestionnaire. The teacher was not sure 
whether his students were used to managing Google Maps, though he 
thought that they had used web-sites such as the “Guía Michelin” to 
search for specific places. 

The students began to arrive at class and they tried to switch on the 
computers, but they were asked to sit in the chairs in the center of the 
laboratory. It was the first time that they used computers to do a test. They 
were very excited and nervous, because they knew that this was a real 
exam, although it was a new way of doing an exam.  One student said 
“I’m going to fail…” 

The teacher decided that the students should carry out the exam in pairs 
because it was a novel experience for them, though one student did the 
exam alone because he got the worst marks in previous exams and 
because the number total students was not even. Mixed gender groups 
were chosen, and ’rebellious’ students were not put together. 

When all the students had arrived, the teacher introduced the activity to 
the students. Then one of the researchers did a brief introduction to the 
main characteristics of the QTI-GoogleMaps tests using the projector (see 
Figure 44). She used an example of a test which had all the different 
interactions that a user could use. The students were excited, talking with 
each other, and expressing some doubts, and questions: “Can I delete the 
question if I make a mistake?”…“What happen if I draw the line far away 
from the “real” frontier?”…These doubts and comments demonstrated 
the understanding that the students had about the functionalities of Google 
Maps or similar WMAs. The doubts were clarified and the introduction 
was finalized.  
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Figure 44. Introduction of the QTI-GoogleMaps questionnaires 

The 23 students were divided in two subgroups because of the number of 
computers of the room.  The first subgroup of students answered the 
questions. The three researchers and the teachers stayed in the laboratory 
helping the students (see Figure 45). 

 

 

Figure 45. A group of students during the exam using the eQuestionnaire tool 
with interactive maps from GoogleMaps 

The other group was waiting in another classroom. When the first group 
had finished the second group came to the laboratory and the first group 
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went to the other classroom. The second group then answered the QTI-
GoogleMaps questionnaire (see Figure 46). 

 
Figure 46. Students using the eQuestionnaire tool with web maps from 

GoogleMaps 

RESULTS 

What happened? Was it a success? What contributed to the 
outcomes? 

Different data gathering techniques were used to collect information about 
the experience in order to obtain results. The teacher was interviewed by 
the main researcher and the students answered a pre/post-test (before and 
after interacting with the QTI-GoogleMaps tests). The three researchers 
made observations during the experience. 

Once the activity was over the students were very happy because they 
liked answering the questions interacting with multimedia maps. All of 
them interacted with the questions without problems and they obtained 
good results. They said that in interacting with this type of maps they 
understood better the concepts in the questions. Also they claimed that 
answering this eQuestionnaire was a fun experience. 

Surprisingly (considering the comments of the teacher) most of them had 
used Google Maps significantly often. At the beginning the students were 
apprehensive about the content of the examination, but not about using a 
new application, as one student said “computers do not scare us”, an 
affirmation that was supported by the comments and faces of her 
classmates. 
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The teacher was happy because the experiment was successful and he did 
not have mark the students’ work, because the system did this 
automatically. Also the test (or individual questions) could be reused in 
the future because it follows the QTI standard. 

LESSONS LEARNED 

What did you learn from the experience? 

WMAs are useful to increase the interaction affordances of an 
eQuestionnaire. These applications, as Google Maps, can be used for 
supporting the content of a question. The combination of a WMA with an 
educational technology standard for assessment (QTI) enables the creation 
of new Question-Items increasing the possibilities of assessing more 
students’ skills (Boyle & Hutchison, 2009).  

Based on the results analyzed from the data captured during the 
experience we can conclude with some lessons learned: 

The results indicated that students (in general) are very familiar with the 
functionalities offered by WMAs (in this case Google Maps). The use of 
these types of tests enhances the motivation of the students in assessment 
because: the questions offered a big quantity of information; the 
information is updated, and they have to play an active role (interacting 
with the web map) for answering the questions.   

The QTI-GoogleMaps solution for assessment based on tests 
accomplishes the following issues: 1) It uses all the information provided 
by Google Maps and students can visualize (and teachers can use) a lot of 
web maps that they do not have in their books, 2) the information in 
Google Maps, and in WMAs, is renovating and increasing almost every 
day, 3) students can interact with (and teachers can edit) web maps and 
questions, drawing over the map, dragging and dropping elements, 
making a zoom, etc. 

The students detected some usability problems. They wanted to have the 
possibility of erasing the interactions done over the map in order to re-
answer the questions. Also we detected that it would be useful to add a 
clear explanation in the context of the questions indicating how they have 
to interact with the map (for instance for drawing over the map, the 
student had to do clicks in the map using the mouse). 

Due to the technical limited skills of the teacher, a researcher helped the 
teacher in the edition of the QTI-GoogleMaps test. A future plan includes 
evaluating the usability of the QTI-GoogleMaps editor in order to 
improve the tool and adapt it for non-technical users. 
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After doing this experience, we suggest that teachers should use web map 
applications to support their lectures and not only in the assessment of 
geographical skills. 

This case story has been performed to obtain preliminary conclusions that 
illustrate that the QTI-Google Maps solution it is useful for the assessment 
of geographical skills. However more evaluation is necessary to 
demonstrate the educational benefits of the QTI-Google Maps tests. 

This case story has been published in (P. Santos, Hernández-Leo, 
Navarrete, & Blat, 2011c). 
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APPENDIX C 

C.1 Support evaluation data of the QTIMaps case 
study  
This document includes the support data regarding the evaluation of a 
“QTIMaps: assessment of geographical skills”. The description of the 
experiment is included in the manuscript: “Navarrete, T., Santos, P., 
Hernández-Leo, D., & Blat, J. (2011) QTIMaps: A model to enable 
web-maps in assessment.  Educational Technology Society Journal, 14 
(3)” The quantitative and qualitative data are organized in tables 
according to conclusions discussed in the manuscript. The qualitative data 
are labelled with a data source coding generated by the Nud*IST (Gahan 
& Hannibal, 1998) qualitative analysis tool. 

Table 12. Information question: Students use computers as a tool for study 

Students use computers as a tool for study 

Partial Results Coding of the data source Support data 

Personal data about the age of 
the users in the synthetic 
survey study ( real users but in 
a synthetic scenario, where the 
users test an eQuestionnaire 
with interactive maps and they 
answered some questions in a 
survey ) 

[Document learner –[1…23] 1 user / 15 years old 

4 user / 16 years old 

2 user / 18 years old 

3 user / 20 years old 

5 user / 21 years old 

2 user / 22 years old 

1 user / 24 years old 

1 user / 25 years old 

1 user / 27 years old 
1 user / 28 years old 
1 user / 29 years old 

1 user / 34 years old 

Students using 
Computers/Internet: 
 
23/23 students use 
computers/internet to study ( 
and to do works ) 
 
6/23 students remarks that are 

[Document learner –[1] ] 
1 passages, 57 characters. 
Section 0, Paragraph 2, 57 
characters. 

“Yes, because the 
study is more easy 
if you use 
computers” 

[Document learner –[2] ]  
1 passages, 83 characters. 
Section 0, Paragraph 2, 83 
characters. 

“Yes, because I 
think that if I use 
computers now it is 
important for my 
future work” 
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very useful to search 
information 
 
We can observe that students 
are very familiar with 
computers, for them is a 
common tool to do work at 
home. They use it as a every 
day tool to enjoy free time but 
also to study  or do works. 
They identify that computers 
and internet are tools for 
searching a lot of information 
in an easy way and very 
quickly. They think that 
computers are a very easy tool 
that enables to perform very 
quickly their tasks. 

[Document learner –[3] ]  
1 passages, 58 characters. 
Section 0, Paragraph 2, 58 
characters. 

“Yes, computers are 
useful to study and 
to work ( in a job)” 

[Document learner –[4] ]  
1 passages, 22 characters. 
Section 0, Paragraph 2, 22 
characters.

“Yes, very 
interesting” 

[Document learner –[5] ]  
1 passages, 58 characters. 
Section 0, Paragraph 2, 58 
characters.

“Yes, it is very 
useful and it is more 
easy to search 
sites” 

[Document learner –[6] ]  
1 passages, 30 characters. 
Section 0, Paragraph 2, 30 
characters.

“Yes, it is very easy 
and quick” 

[Document learner –[7] ]  
1 passages, 27 characters. 
Section 0, Paragraph 2, 27 
characters.

“Yes, it facilitates 
my work” 

[Document learner –[8] ]  
1 passages, 31 characters. 
Section 0, Paragraph 2, 31 
characters.

“Yes, I use it to play 
and work” 

[Document learner –[9] ]  
1 passages, 42 characters. 
Section 0, Paragraph 2, 42 
characters. 

“Yes because 
computers help us 
in our tasks” 

[Document learner –[10] ] 
1 passages, 27 characters. 
Section 0, Paragraph 2, 27 
characters. 

“Yes because it is 
more easy” 

[Document learner –[11] ]  
1 passages, 69 characters. 
Section 0, Paragraph 2, 69 
characters. 

“yes, It is an 
essential tool in my 
job and very 
important for 
playing” 

[Document learner –[12] ]  
1 passages, 47 characters. 
Section 0, Paragraph 2, 47 
characters.

“Yes it is a good 
tool for searching 
information” 
 

[Document learner –[13] ]  
1 passages, 33 characters. 
Section 0, Paragraph 2, 33 
characters.

“Yes this tool 
facilitates my work”
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[Document learner –[14] ]  
1 passages, 68 characters. 
Section 0, Paragraph 2, 68 
characters. 

“Yes, computers 
provides a large 
diversity of 
possibilities and 
tools” 
 

[Document learner –[15] ]  
1 passages, 71 characters. 
Section 0, Paragraph 2, 71 
characters. 

“Yes, computers are 
very useful to 
search information 
o to create a text” 
 

[Document learner –[16] ]  
1 passages, 49 characters. 
Section 0, Paragraph 2, 49 
characters. 

“Yes because it is 
very easy to search 
information” 
 

[Document learner –[17] ]  
1 passages, 3 characters. 
Section 0, Paragraph 2, 3 
characters. 

“yes” 
 

[Document learner –[18] ]  
1 passages, 45 characters. 
Section 0, Paragraph 2, 45 
characters. 

“Yes because it is a 
big source of 
information” 
 

[Document learner –[19] ]  
1 passages, 36 characters. 
Section 0, Paragraph 2, 36 
characters. 

“Yes it is more easy 
than other tools” 
 

[Document learner –[20] ]  
1 passages, 36 characters. 
Section 0, Paragraph 2, 36 
characters. 

“Yes it is more easy 
than other tools” 
 

[Document learner –[21] ]  
1 passages, 102 characters. 
Section 0, Paragraph 2, 102 
characters. 

“yes, it is a very 
useful tool, because 
there are some tasks 
that are impossible 
to do without 
computers” 

[Document learner –[22] ]  
1 passages, 45 characters. 
Section 0, Paragraph 2, 45 
characters. 

“Yes because they 
contain a lot of 
information” 
 

[Document learner –[23] ]  
1 passages, 62 characters. 
Section 0, Paragraph 2, 62 
characters. 

“use pc’s and 
internet for all my 
tasks ( and to see 
the TV!)” 
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Table 13. What are the benefits of using an eQuestionnaire tool with interactive 
maps? 

Information question: What are the benefits of using an eQuestionnaire 
tool with interactive maps? 

Partial Results Coding of the data source Support data 

22/23 Students have used 
GoogleMaps or similar 
tools, before using our 
tool. 
Common uses of 
GoogleMaps or similar 
tools are : searching 
specific sites, draw routes, 
localizing the city where 
the user is living, localize 
cities where the user wants 
to go. 
Users are very accustomed 
to use this type of tools in 
their habitual tasks, if we 
introduce these tools for 
doing exams they don’t 
identify them as a problem 
because they understand 
their functionalities.  

[Document learner –[1] ]  
1 passages, 22 characters. 
Section 0, Paragraph 3, 22 
characters. 

“Yes, searching a place” 

[Document learner –[2] ]  
1 passages, 35 characters. 
Section 0, Paragraph 3, 35 
characters. 

“Yes, to position myself 
in the city” 

[Document learner –[3] ]  
1 passages, 50 characters. 
Section 0, Paragraph 3, 50 
characters. 

“I had to go to a site and 
I didn’t know how to go.”

[Document learner –[4] ]  
1 passages, 20 characters. 
Section 0, Paragraph 3, 20 
characters. 

“Yes, searching sites” 

[Document learner –[5] ]  
1 passages, 31 characters. 
Section 0, Paragraph 3, 31 
characters. 

“Yes, to search an 
specific site” 
 

[Document learner –[6] ]  
1 passages, 39 characters. 
Section 0, Paragraph 3, 39 
characters. 

“Yes, to search sites 
where I want to go” 

[Document learner –[7] ]  
1 passages, 49 characters. 
Section 0, Paragraph 3, 49 
characters. 

“Yes, to search sites out 
the city and in the city” 

[Document learner –[8] ]  
1 passages, 60 characters. 
Section 0, Paragraph 3, 60 
characters. 

“Yes, to search sites in 
the city or because I have 
curiosity” 

[Document learner –[9] ]  
1 passages, 2 characters. 
Section 0, Paragraph 3, 2 
characters. 

“No” 
 

[Document learner –[10] ]  
1 passages, 25 characters. 
Section 0, Paragraph 3, 25 

“Yes to look for a 
streets” 
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characters. 

[Document learner –[11] ]  
1 passages, 34 characters. 
Section 0, Paragraph 3, 34 
characters. 

“Yes, in the cartography 
university” 

[Document learner –[12] ]  
1 passages, 29 characters. 
Section 0, Paragraph 3, 29 
characters. 

“Yes, this tool is very 
useful” 

[Document learner –[13] ]  
1 passages, 20 characters. 
Section 0, Paragraph 3, 20 
characters. 

“Yes to search a site” 

[Document learner –[14] ]  
1 passages, 34 characters. 
Section 0, Paragraph 3, 34 
characters. 

“Yes I use it to spend my 
free time” 

[Document learner –[15] ]  
1 passages, 19 characters. 
Section 0, Paragraph 3, 19 
characters. 

“Yes to search sites” 

[Document learner –[16] ]  
1 passages, 33 characters. 
Section 0, Paragraph 3, 33 
characters. 

“Yes to do the 
cartography subject” 
 

[Document learner –[17] ]  
1 passages, 21 characters. 
Section 0, Paragraph 3, 21 
characters. 

“yes, to search a site” 

[Document learner –[18] ]  
1 passages, 77 characters. 
Section 0, Paragraph 3, 77 
characters. 

“Yes, a lot of times, it is a 
useful tool for searching 
sites and draw routes” 

[Document learner –[19] ]  
1 passages, 35 characters. 
Section 0, Paragraph 3, 35 
characters. 

“Yes to know the place of 
some sites” 

[Document learner –[20] ]   
1 passages, 35 characters. 
Section 0, Paragraph 3, 35 
characters. 

“Yes to know the place of 
some sites” 

[Document learner –[21] ]  
1 passages, 50 characters. 
Section 0, Paragraph 3, 50 

“Yes, to look for 
addresses and to 
organize travels” 
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characters. 

[Document learner –[22] ]  
1 passages, 30 characters. 
Section 0, Paragraph 3, 30 
characters. 

“Yes to search where is a 
site” 

[Document learner –[23] ]  
1 passages, 72 characters. 
Section 0, Paragraph 3, 72 
characters. 

“Yes a lot of times, 
because I have curiosity, 
I need to search a site, 
…” 

 
 
 
 
 They are questioned if the 
interactive map integrated 
on the eQuestionnaire is 
useful for them. General 
comments are positive. 
 They say that this system 
is better because 
interacting with these 
maps they understood 
better the question. In 
general they said that it is 
an intuitive way of 
answering a question. 
 They value positively the 
graphical visualization of 
the maps because they 
consider that 
photographic memory is 
better than textual 
memory. Furthermore 
they consider more funny 
interacting with graphics, 
because as a consequence 
they remember better 
which is the correct 
answer. They are more 
active interacting with 
maps. They are 
accustomed to computers 
and dynamic 
functionalities that these 
provide. The interaction 
with the graphic elements 

[Document learner –[1] ] 
3 passages, 154 characters. 
Section 0, Paragraph 4, 48 
characters. 
Section 0, Paragraph 5, 40 
characters. 
Section 0, Paragraph 6, 66 
characters. 

“Yes, because it is an 
intuitive way of 
answering 
... 
Yes, it is more clear to 
relate concepts 
... 
Yes, if you view the 
image is more easy 
understanding the 
question” 
 

[Document learner –[2] ]  
3 passages, 185 characters. 
Section 0, Paragraph 4, 76 
characters. 
Section 0, Paragraph 5, 67 
characters. 
Section 0, Paragraph 6, 42 
characters. 

“Yes, I think that it is 
very useful for the user, 
this interaction is great.... 
For sure! It makes that 
you have to remember 
sites in the geospace ... 
Yes, “A picture is worth 
a thousand words” 

[Document learner –[3] ]  
3 passages, 149 characters. 
Section 0, Paragraph 4, 53 
characters. 
Section 0, Paragraph 5, 43 
characters. 
Section 0, Paragraph 6, 53 
characters. 

“Yes, it is easier to do 
click than write an 
answer... Yes, the 
photographic memory 
works better... Yes, you 
can understand better 
and image than a text” 

[Document learner –[4] ]  
3 passages, 134 characters. 
Section 0, Paragraph 4, 37 
characters. 
Section 0, Paragraph 5, 68 
characters. 
Section 0, Paragraph 6, 29 
characters. 

“Yes, because I have an 
instant answer... Yes, 
because if I can visualize 
the picture I understood 
where it is... Yes, I see 
instantly the site” 



Appendix C 

197 
 

of the exam is a nice 
experience for them 
because makes it possible 
a more active 
participation. 
 
 
 
 
 
 

[Document learner –[5] ]  
3 passages, 67 characters. 
Section 0, Paragraph 4, 21 
characters. 
Section 0, Paragraph 5, 22 
characters. 
Section 0, Paragraph 6, 24 
characters. 

“Yes, it was very easy... 
Yes, it is very visual... Yes 
it is very intuitive” 

[Document learner –[6] ]  
3 passages, 165 characters. 
Section 0, Paragraph 4, 78 
characters. 
Section 0, Paragraph 5, 38 
characters. 
Section 0, Paragraph 6, 49 
characters. 

“Yes, it help us to 
understand in a better 
way the questions and 
answering them... Yes, we 
had better photographic 
memory... Yes, it is very 
useful to have a graphic 
support” 
 

[Document learner –[7] ]  
3 passages, 130 characters. 
Section 0, Paragraph 4, 31 
characters. 
Section 0, Paragraph 5, 62 
characters. 
Section 0, Paragraph 6, 37 
characters. 

 
“Yes, because it is likes a 
play... Yes, because it 
helps you to localize with 
graphics the sites... Yes, 
because the image is like 
a clue” 
 
 

[Document learner –[8]] 
 3 passages, 190 characters. 
Section 0, Paragraph 4, 32 
characters. 
Section 0, Paragraph 5, 99 
characters. 
Section 0, Paragraph 6, 59 
characters. 

“Yes, it is more easy and 
graphic...  
Yes, because if you do 
actions with graphics and 
interactions you can 
remember better in the 
future...Yes, to read 
visual information is 
more easy than read 
text” 
 

[Document learner –[9] ] 
3 passages, 97 characters. 
Section 0, Paragraph 4, 1 
characters. 
Section 0, Paragraph 5, 53 
characters. 
Section 0, Paragraph 6, 43 
characters. 

 
“Yes, because I think that 
it is a useful way to learn 
… Yes, because the 
picture helps us to 
answer” 
 

[Document learner –[10] ] “Yes it is more easy ... 
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3 passages, 83 characters. 
Section 0, Paragraph 4, 19 
characters. 
Section 0, Paragraph 5, 24 
characters. 
Section 0, Paragraph 6, 40 
characters. 

Yes it is more intuitive ... 
Yes, and image it is more 
understandable” 

[Document learner –[11] ]  
3 passages, 97 characters. 
Section 0, Paragraph 4, 47 
characters. 
Section 0, Paragraph 5, 4 
characters. 
Section 0, Paragraph 6, 46 
characters. 

“Yes, is very educative 
for students in a school ... 
Yes ... Yes, and image is 
more interesting than a 
test” 

[Document learner –[12] ]  
3 passages, 183 characters. 
Section 0, Paragraph 4, 39 
characters. 
Section 0, Paragraph 5, 91 
characters. 
Section 0, Paragraph 6, 53 
characters. 

 
“Yes it is a different way 
to do an exam ... Yes, 
because you enjoy doing 
this tasks and this fact 
helps to remember better 
your actions ... Yes, it is 
more visual and helps to 
understand better” 

[Document learner –[13] ]  
3 passages, 102 characters. 
Section 0, Paragraph 4, 3 
characters. 
Section 0, Paragraph 5, 55 
characters. 
Section 0, Paragraph 6, 44 
characters. 

 
“Yes ... Yes because if 
you are doing a task you 
remember better ... Yes, 
because it is useful to 
clarify a doubt” 

[Document learner –[14] ]  
3 passages, 101 characters. 
Section 0, Paragraph 4, 28 
characters. 
Section 0, Paragraph 5, 44 
characters. 
Section 0, Paragraph 6, 29 
characters. 

“Yes, it is like a video-
game ...  No because I 
didn’t see the correct 
response … Yes because 
it is more visual” 

[Document learner –[15] ]  
3 passages, 108 characters. 
Section 0, Paragraph 4, 3 
characters. 
Section 0, Paragraph 5, 51 
characters. 

 
“Yes ... yes, because in 
the future you remember 
the picture ... Yes, 
because you need the 
pictures in order to 
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Section 0, Paragraph 6, 54 
characters. 

respond” 
 

[Document learner –[16] ]  
3 passages, 145 characters. 
Section 0, Paragraph 4, 37 
characters. 
Section 0, Paragraph 5, 55 
characters. 
Section 0, Paragraph 6, 53 
characters. 

 
“Yes because it is very 
understandable ... Yes 
because then you learn 
the cartography of the 
sites ... Yes it is more 
easy to understand 
pictures than text” 

[Document learner –[17] ]  
3 passages, 110 characters. 
Section 0, Paragraph 4, 12 
characters. 
Section 0, Paragraph 5, 45 
characters. 
Section 0, Paragraph 6, 53 
characters. 

 
“I don’t know ... Yes, 
because you remember 
better the pictures... I 
don’t know because I 
don’t test it without 
pictures” 

[Document learner –[18] ]  
3 passages, 180 characters. 
Section 0, Paragraph 4, 56 
characters. 
Section 0, Paragraph 5, 60 
characters. 
Section 0, Paragraph 6, 64 
characters. 

 
“Yes, because then the 
questions are more easy 
to respond... Yes because 
the photographic memory 
helps to remember better 
... Yes because the map 
helps to contextualize 
better your situation” 

[Document learner –[19] ]  
3 passages, 126 characters. 
Section 0, Paragraph 4, 22 
characters. 
Section 0, Paragraph 5, 38 
characters. 
Section 0, Paragraph 6, 66 
characters. 

 
“Yes it is more dinamic... 
Yes it is more visual ( 
visual memory)... Yes 
because then you 
understand better the 
context of the question” 

[Document learner –[20] ] 
3 passages, 166 characters. 
Section 0, Paragraph 4, 62 
characters. 
Section 0, Paragraph 5, 67 
characters. 
Section 0, Paragraph 6, 37 
characters. 

 
“Yes this feedback allow 
the user to continue with 
their tasks... Yes, you 
have to make an effort 
remembering your 
previous knowledge... Yes 
you know your location 
all times” 
 

[Document learner –[21] ] “Yes to answer on a map 



Appendix C 

200 
 

3 passages, 268 characters. 
Section 0, Paragraph 4, 95 
characters. 
Section 0, Paragraph 5, 94 
characters. 
Section 0, Paragraph 6, 79 
characters. 

is a very natural way of 
answering questions ( 
Mainly of localization )... 
Yes, when you interact 
you can understand 
better the map. Then it is 
more easy to remember 
it.... Not necessary. You 
can understand the 
questions like when they 
have only text.” 

[Document learner –[22] ] 
3 passages, 210 characters. 
Section 0, Paragraph 4, 36 
characters. 
Section 0, Paragraph 5, 44 
characters. 
Section 0, Paragraph 6, 130 
characters. 

“Yes it is more funny and 
interesting... Yes you can 
see where is a city in the 
world... I think no, 
because I think that in a 
black & white picture is 
more easy. When you see 
a picture of 
google you have to think 
more”. 

[Document learner –[23] ]  
3 passages, 171 characters. 
Section 0, Paragraph 4, 100 
characters. 
Section 0, Paragraph 5, 42 
characters. 
Section 0, Paragraph 6, 29 
characters. 

“Yes, I think that is an 
interesting and enjoyable 
method to study 
geography ( I hated this 
subject…)... Yes, these 
maps reflect better the 
quality... Yes because it is 
like a clue” 
 

 

Table 14. What are the main positive/negative aspects of our system? And 
possible future work? 

Information question: What are the main positive/negative aspects of our 
system? And possible future work? 

Partial Results Coding of the data 
source 

Support data 

We have to consider that 
users interacted with our 
tool without any previous 
explanation. 
The interaction with more 
problems is  named Draw 
lines and polygons. 7/23 
students marked it. They 
understand the function 

Closed question: 
The functionality more 
difficult to use in the 
eQuestionnaire tool with 
GoogleMaps is: 
 
[1] Zoom 
[2] Draw lines and poligons 
[3] Drag and drop a marker 

Option [1] was marked 
by: 1 user  

Option [2] was marked 
by: 7 users 

Option [3] was marked 
by: 2 students 

Option [6] was marked 
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but they have problems 
using it. If they commit an 
error they cannot fix it. An 
important Future work 
could be to have the 
possibility of restart the 
question before the answer 
had been submitted, then 
the students would have 
the possibility of draw 
correctly the line. 
The other functionalities 
with minimum problems 
are [1] and [3]. 
The majority of the users 
don’t have problems with 
the interactions. 
With the comments we can 
verify that the students 
have enough technical 
knowledge about the 
functionalities that this tool 
offers. With a previous 
guide of the use of the tool, 
we think all users could use 
the tool without problems. 
 

[4] Drag a map 
[5] Read a text 
[6] Any problem 
 
[Document ‘learner-
1…23’] 

by: 13 students 

Document '1', 1 passages, 
133 characters. 
Section 0, Paragraph 7, 133 
characters. 

[2] I thought that I had to 
click in an specific point 
and drag the mouse. But I 
had to do several clicks 
in order to draw the line. 

Document '14', 1 passages, 
34 characters. 
Section 0, Paragraph 7, 34 
characters. 

[2] because I didn’t see 
the line 

Document '16', 1 passages, 
49 characters. 
Section 0, Paragraph 7, 49 
characters. 

[3] because some 
markers are outside the 
picture 

Document '17', 1 passages, 
54 characters. 
Section 0, Paragraph 7, 54 
characters. 

[2] because I drag the 
cursor and I hadn’t done 
clicks 

Document '19', 1 passages, 
58 characters. 
Section 0, Paragraph 7, 58 
characters 

[2] I didn’t know that I 
have to click more than 
one time 
 

Document '2', 1 passages, 
50 characters. 
Section 0, Paragraph 7, 50 
characters. 

[2] This interacion needs 
a previous explanation 
 

Document '20 2', 1 
passages, 36 characters. 
Section 0, Paragraph 7, 36 
characters. 

[1] I didn’t see this 
functionality 

Document '23', 1 passages, 
75 characters. 
Section 0, Paragraph 7, 75 
characters. 

I think that the idea is 
very good but the 
interface needs more 
improvement 

Document '4', 1 passages, 
34 characters. 
Section 0, Paragraph 7, 34 
characters. 

[3] I had a problem with 
a pop-up 

Document '5', 1 passages, 5 
characters. 

[2] 



Appendix C 

202 
 

Section 0, Paragraph 7, 5 
characters. 

Document '6', 1 passages, 
37 characters. 
Section 0, Paragraph 7, 37 
characters 

[2] it is difficult to draw 
the line 

 

Table 15.The use of assessment good techniques, in computer assisted 
assessment, such as feedback and suggestions helps students to improve their 

future results 

The use of  assessment good techniques, in computer assisted assessment, such as 
feedback and suggestions helps students to improve their future results 

Partial Results Coding of the data source Support data 

22/23 Students are grateful to 
receive feedback when they 
answered a question. They 
think that if they know after 
answering a question their 
grade and some suggestion ( 
such as the correct response 
or the topic related with this 
question ) they can solve their 
mistakes in the future 
studying these topics. 
In addition instant feedback 
enables to know their 
progress and for them it is a 
motivation. 
 
Future work is to integrate 
some functionality (we 
propose Rubrics) which 
relates the questions with the 
related topics/competences 
and the criteria/feedback that 
the user has to receive 
depending on their score.  
 
 
 
 
 
 
 
 

[Document learner –[1] ] 
2 passages, 109 characters. 
Section 0, Paragraph 8, 50 
characters. 
Section 0, Paragraph 9, 59 
characters. 

“Yes, because you can see in 
real time your grades... Yes, 
because then you can 
understand where you had 
mistakes” 

[Document learner –[2] ] 
2 passages, 89 characters. 
Section 0, Paragraph 8, 51 
characters. 
Section 0, Paragraph 9, 38 
characters. 

“Yes, because the user 
receives an instant 
feedback... Yes, to provide 
and instant knowledge.” 

[Document learner –[3] ] 
2 passages, 53 characters. 
Section 0, Paragraph 8, 26 
characters. 
Section 0, Paragraph 9, 27 
characters. 

“Yes, to know your 
progress... Yes to re-study 
your fails”. 

[Document learner –[4] ]  
2 passages, 53 characters. 
Section 0, Paragraph 8, 25 
characters. 
Section 0, Paragraph 9, 28 
characters. 

“Yes, I like the feedback... 
Yes, to improve my 
knowledge” 

[Document learner –[5] ]  
2 passages, 94 characters. 
Section 0, Paragraph 8, 63 
characters. 
Section 0, Paragraph 9, 31 
characters. 

“Yes, because then you know 
if you are doing your exam 
correctly... Yes, then is more 
easy to learn” 

[Document learner –[6] ]  “yes, because you can know 
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2 passages, 111 characters. 
Section 0, Paragraph 8, 81 
characters. 
Section 0, Paragraph 9, 30 
characters. 

if your answers are correct 
and you don’t are 
intrigued... yes, to acquire 
more knowledge” 

[Document learner –[7] ] 
2 passages, 143 characters. 
Section 0, Paragraph 8, 93 
characters. 
Section 0, Paragraph 9, 50 
characters. 

“Yes, because it helps to 
continue because you are 
more cheerful and then you 
want to continue... For sure, 
then it is more easy to know 
the answers” 

[Document learner –[8] ] 
2 passages, 138 characters. 
Section 0, Paragraph 8, 86 
characters. 
Section 0, Paragraph 9, 52 
characters. 

“Yes, because then you know 
your grade and if you have 
to improve in the next 
questions... Yes, then you can 
understand where you have 
mistakes” 

[Document learner –[9] 
2 passages, 3 characters. 
Section 0, Paragraph 8, 2 
characters. 
Section 0, Paragraph 9, 1 
characters. 

“No” 

[Document learner –[10] ] 
2 passages, 72 characters. 
Section 0, Paragraph 8, 24 
characters. 
Section 0, Paragraph 9, 48 
characters. 

“Yes, to know my progress... 
Yes to know where I have to 
improve my knowledge” 
 

[Document learner –[11] ] 
2 passages, 36 characters. 
Section 0, Paragraph 8, 18 
characters. 
Section 0, Paragraph 9, 18 
characters. 

“Yes like in a game... Yes for 
evaluating” 

[Document learner –[12] ] 
2 passages, 100 characters. 
Section 0, Paragraph 8, 40 
characters. 
Section 0, Paragraph 9, 60 
characters. 

“Yes, because then you know 
your progress... Yes, because 
using this tool you need less 
time to do a task” 
 

[Document learner –[13] ] 
2 passages, 109 characters. 
Section 0, Paragraph 8, 62 
characters. 

“Yes because then you can 
know if your answer is 
correct or not... Yes, because 
then you can improve your 
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Section 0, Paragraph 9, 47 
characters. 

mistakes” 

[Document learner –[14] ] 
2 passages, 24 characters. 
Section 0, Paragraph 8, 12 
characters. 
Section 0, Paragraph 9, 12 
characters.  

“Yes for sure... Yes for sure”

[Document learner –[15] ] 
2 passages, 58 characters. 
Section 0, Paragraph 8, 34 
characters. 
Section 0, Paragraph 9, 24 
characters.  

“Yes to know if I am right or 
wrong... Yes to study my 
mistakes” 

[Document learner –[16] ] 
2 passages, 68 characters. 
Section 0, Paragraph 8, 23 
characters. 
Section 0, Paragraph 9, 45 
characters. 

“Yes to know my progress... 
Yes to know which topics I 
have to study more” 

[Document learner –[17] ] 
2 passages, 63 characters. 
Section 0, Paragraph 8, 23 
characters. 
Section 0, Paragraph 9, 40 
characters. 

“Yes to know my progress... 
Yes to know how topics I 
have to improve” 

[Document learner –[18] ] 
2 passages, 125 characters. 
Section 0, Paragraph 8, 41 
characters. 
Section 0, Paragraph 9, 84 
characters. 

“yes because you know your 
partial results... Yes would 
be useful to have a clue of 
the answer or a page where 
you can check them”. 

[Document learner –[19] ] 
2 passages, 89 characters. 
Section 0, Paragraph 8, 59 
characters. 
Section 0, Paragraph 9, 30 
characters.  

“Yes, it helps to know if you 
have a correct question or 
not... Yes to know my weak 
knowledge’s” 
 

[Document learner –[20] ] 
2 passages, 152 characters. 
Section 0, Paragraph 8, 36 
characters. Section 0, 
Paragraph 9, 116 characters. 
 

“Yes you know your grades 
in progress... Yes, because 
when you fails a question 
you need the possibility of fix 
it, because if not is a little bit 
frustrating” 

[Document learner –[21] ] “I like to receive feedback... 
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2 passages, 148 characters. 
Section 0, Paragraph 8, 26 
characters. 
Section 0, Paragraph 9, 122 
characters.  

That’s sounds good! Then 
you know how is the topic 
that you have to improve 
more or about you 
have to search information”. 

[Document learner –[22] ] 
2 passages, 150 characters. 
Section 0, Paragraph 8, 23 
characters. 
Section 0, Paragraph 9, 127 
characters. 
 

“Yes to know mi progress... 
Yes to study more the topics 
related with my fails. Would 
be interesting if the correct 
answer would 
be showed to the student” 

[Document learner –[23] ] 
2 passages, 199 characters. 
Section 0, Paragraph 8, 79 
characters. 
Section 0, Paragraph 9, 120 
characters. 

“yes, because If you have the 
grades at the end you don’t 
remember your actions... Yes 
because then you know what 
information do you have to 
search. It was interesting to 
have statistics and 
suggestions.” 

 

C.2 Support evaluation data of the QuesTInSitu case 
study  
This section includes the support data regarding the evaluation of a “The 
Discovering Barcelona! Assessment in situ experience”. The description 
of the experience is included in the manuscript: “Santos, P., Pérez-
Sanagustín, M., Hernández-Leo, D., & Blat, J. (2011) QuesTInSitu: 
Implementing test based Assessment in situ activities. Computers & 
Education Journal” The quantitative and qualitative data are organized 
in tables according to conclusions discussed in the manuscript. The 
qualitative data are labelled with a data source coding generated by the 
Nud*IST (Gahan & Hannibal, 1998) qualitative analysis tool. 

1. QuesTInSitu gives a valuable support for teachers and students in 
the performance of a real assessment in situ activity. 
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Table 16. Partial results, data source and support data for the research question: 
Is QuesTInSitu giving a support for enhancing the activity (compared with non-
technological similar activities)? Can students/teachers doing the tasks without 

problems (is it  ease to use/learn?)? Did the students/teachers suggest some 
improvements? 

Is QTIS ease os use/learn, it enhances the activity? 
Partial results Coding the data source Support data 

 
Teachers 

 
The teachers indicated that 
they liked all the features that 
QuesTInSITU provides and 
these are easy of learn. Even 
the teachers did not use 
regularly computers, they 
understood quickly all the 
possibilities that the tool has. 
They especially showed 
interest in the monitoring 
option. The teachers 
indicated that using it the 
students have the possibility 
of being more autonomous 
and they can know in real 
time the progress of the 
activity. 
 

Document 'P2&P3-Quest-
dia-30-Profe', 2 passages, 
512 
characters. 
Section 0, Paragraphs 10-
12, 309 characters. 

[Teacher 1] 
It allows you to 
design activities 
(test, routes ...) and 
see from a fixed 
location the progress 
of the activity (where 
the students are and 
what questions they 
have done, what 
have answered 
correctly or not ,...)” 

Document 'P6-Quest-dia-
30-Profe', 2 passages, 548 
characters. 
Section 0, Paragraphs 6-8, 
219 characters. 

 
 
 
 
 
 

[Teacher 1] 
… it promotes the 
students’ autonomy 

Document 'P6-Quest-dia-
30-Profe', 2 passages, 548 
characters. 
Section 0, Paragraphs 10-
13, 329 characters. 
 

[Teacher 2] 
I am interested in the 
route progress and 
the development of 
the itinerary 
performed in the 
districts…I think that 
the questions are 
adecuate for 
dinamizing the 
route.... due 
questions about 
specific places help 
to put more attention 
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Document 'observations-
teacher-route2', 1 
passages, 203 
characters. 
Section 0, Paragraph 12, 
203 characters. 

The teachers uses 
adjectives such as 
practical, rational, 
specific, intelligible 
and functional for 
defining 
QuesTInSitu. 

Document 'observations-
teacher-route', 1 passages, 
352 
characters. 
Section 0, Paragraph 18, 
352 characters. 

The teachers have 
some problems using 
the computers but 
they understand 
perfectly the tasks 
that they have to do. 
 

 
Students 

 
The students indicated and 
demonstrated during the 
activity that QTIS is ease to 
use/learn. A common 
comment was that the process 
(steps) that the students had 
to follow for answering the 
questions were very easy to 
undertand. Only with a short 
explanaition at the beginning 
of the activity the students 
used QTIS. 

Document 'QuestRuta-
6&6_1-GPS', 1 passages, 
70 characters. 
Section 0, Paragraphs 37-
38, 70 characters. 

[Les Corts-Student 
10]: 
..with few and easy 
steps you can do (the 
activity). 

Document 'QuestRuta-
6&6_1-MIX', 3 passages, 
263 characters. 
Section 0, Paragraphs 19-
20, 88 characters. 

[Sant Martí-
Student 4]: 
 It (the system) 
indicates the steps to 
follow in a very clear 
way” 

Document 'P13-MIX', 2 
passages, 226 characters. 
Section 0, Paragraphs 13-
17, 68 characters. 

[SantMartí-
student1] 
It is more easy than 
doing a work. 

Document 'QuestRuta-
6&6_1-GPS', 7 passages, 
790 characters. 
Section 0, Paragraphs 13-
14, 131 characters. 

[Eixample-Student 
2]: 
In real time it 
(QuesTInSitu) gives 
you the answer and 
it guides you on the 
route 

Document 'QuestRuta-
6&6_1-NoGPS', 9 
passages, 1032 
characters. 
Section 0, Paragraph 48, 
186 characters. 

[Sarria-Student 1] 
It’s been easy 
because everything 
is guided and 
structured in an easy 
way. 

 

Problems   

QTIS problems : 
-The students had problems 

Document 'P11-MIX', 1 
passages, 77 characters. 

[SantMartí-
student4] 
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uploading images or 
comments (the problem was 
solved before finishing the 
activity) 

 

Section 0, Paragraphs 15-
16, 77 characters. 

We had problems 
with the web-page 
because it does not 
load the images 

Document 'observaciones 
durante las presentaci', 1 
passages, 
190 characters. 
Section 0, Paragraph 95, 
190 characters. 

When we explain 
that they have the 
possibility of 
uploading images, 
they show interest. 

Document 'P11-noGPS', 2 
passages, 102 characters. 
Section 0, Paragraphs 25-
26, 63 characters. 

[Gracia-student3] 
When we tried to 
post more than 3 
comments I had 
problems 

Document 'P13-MIX', 3 
passages, 312 characters. 
Section 0, Paragraphs 19-
23, 96 characters. 

[SantMartí-
student2] 
We had problems 
trying to upload 
images, but you 
solved this problem. 

Improvements   

 
The teachers suggested some 
improvements : 

- Make a clear section 
with the final mark of 
each group and their 
pictures (this was 
added before finalising 
the activity). 

- Extend the monitoring 
service with a video 
streaming option in 
order to see in real time 
what the students are 
doing (also to talk with 
them) 

- Add new types of 
questions with : open 
questions, questions 
with 
images/audio/video) 

Document 'observaciones 
profe presentaciones', 1 
passages, 457 characters. 
Section 0, Paragraph 5, 457 
characters. 

Putting the final 
scores, and the 
pictures of the 
groups in the 
application 

Document 'P8-Quest-dia-
30-Profe', 2 passages, 215 
characters. 
Section 0, Paragraphs 5-7, 
143 characters. 

[Teacher 1] 
It would be very 
interesting if it’s 
possible to follow the 
students visually 
with a system (like a 
video) 

Document 'P8-Quest-dia-
30-Profe', 2 passages, 215 
characters. 
Section 0, Paragraphs 9-11, 
72 characters. 

[Teacher 2] 
I would have wanted 
and audio-visual 
system 

Document 'P9-Quest-dia-
30-Profe', 2 passages, 225 
characters. 
Section 0, Paragraphs 6-8, 
112 characters. 

[Teacher 1] 
I would add the 
possibility of editing 
open questions 

Document 'P9-Quest-dia-
30-Profe', 2 passages, 225 

[Teacher 2] 
Adding questions 
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characters. 
Section 0, Paragraphs 10-
12, 113 characters. 

with images or 
audios 

 

2. The combination of elements that conforms the QuesTInSitu 
system  (an Assessment Engine, a Web Map Service, a Location 
Based System and the use of computers and mobiles with GPS 
and Internet) allows the performance of an enriched assessment 
in situ activity that facilitates the practice of transversal and 
specific knowledge and skills 

Table 17. Partial results, data source and support data for the research question: 
Did the students perceive as more useful the QuesTInSitu activity compared with 
non-technological activities? (Usefulness in terms that students indicated learning 

benefits) 
Did the students perceive as more useful the QuesTInSITU activity compared 

with non-technological activities? 
Partial results Coding the data source Support data 

Teachers 
Other years the main teacher 
made a similar activity. She 
assessed the knowledge of her 
students with paper-based 
activities that they had to 
answer in classroom or at 
home. 
The teachers indicated that 
doing the QTIS activity the 
students can achieve more 
skills: orientation and 
explorative skills, and they 
are more autonomous. 

Students 
The students indicated 
learning benefits after doing 
the activity: 

- They preferred 
answering the questions 
in a mobile because it is 
easier of carrying than 
a dossier with 
questions. 

- Answering the 
questions in front of the 
associated space and 
receive the feedback 

Document 'QuestRuta-
3&3_1-GPS', 2 passages, 
199 characters. 
Section 0, Paragraph 33, 
120 characters. 

[Les Corts-Student 
8]:  
… the use of it makes 
easier our tasks 
(answering the 
questions) 

Document 'QuestRuta-
6&6_1-GPS', 7 passages, 
790 characters. 
Section 0, Paragraphs 13-
14, 131 characters. 

[Eixample-Student 
2]: 
At the moment it (the 
application) gives 
you the answer and 
incated the route 

Document 'QuestRuta-
6&6_1-NoGPS', 9 
passages, 1032 characters. 
Section 0, Paragraphs 22-
23, 129 characters. 

[Gràcia-Student 5]: 
It gives you the 
choices and looking 
the environment we 
selected the answer. 

Document 'Quest2-
FinalTeachers', 1 
passages, 163 characters. 
Section 0, Paragraphs 28-
30, 163 characters. 

-teacher- 
 (Other years) we 
prepared a dossier 
or an exam with the 
concepts worked in 
class or visiting 
Barcelona 

Document 'P6-noGPS', 2 
passages, 351 characters. 
Section 0, Paragraphs 55-
58, 173 characters. 

The activity was 
more dynamic, you 
had to take part and 
to know what to do 
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help them to undertand 
better the question. 

- They think that using 
QTIS they had to be 
more concentrated in 
the activity and they 
could notice more 
details. 

- They feel that they had 
a more active 
participation in the 
activity. 

- The students had a 
positive attitude during 
the activity because it 
was very innovative 
(they like to use 
technological devices). 

 

Document 'QuestRuta-11-
MIX', 1 passages, 133 
characters. 
Section 0, Paragraphs 19-
20, 133 characters. 

[Sant Martí-
Student 4]: 
It is an amusing 
activity, moreover 
you learn more 
because you are in 
person looking the 
spaces (and not from 
the classroom) 

Document 'QuestRuta-12-
GPS', 3 passages, 348 
characters. 
Section 0, Paragraphs 25-
26, 90 characters. 

[Les Corts-Student 
7]: 
It is a good method 
for learning. 

Document 'QuestRuta-
3&3_1-GPS', 5 passages, 
639 characters. 
Section 0, Paragraph 27, 
107 characters. 

[Eixample-Student 
5] 
...it is an innovative 
method that allows 
the student to feel 
useful in the activity 

Document 'QuestRuta-
3&3_1-Mix', 3 passages, 
513 characters. 
Section 0, Paragraph 27, 
142 characters. 

[Sant Martí-
Student 5]:  
… when you 
answering questions 
using a dossier after 
the activity you don’t 
remember well (the 
concepts) 

Document 'QuestRuta-
3&3_1-NoGPS', 9 
passages, 1218 characters. 
Section 0, Paragraph 27, 
100 characters. 

[Gràcia-Student 5]:  
… you put more 
attention to the 
district 

Document 'QuestRuta-
3&3_1-NoGPS', 9 
passages, 1218 characters. 
Section 0, Paragraph 47, 97 
characters. 

[Sarria-Student 
15]:  
... answering the 
questions was easy 
because we were in 
front of the location 
related with the 
question 

Document 'QuestRuta-
3&3_1-NoGPS', 9 
passages, 1218 characters. 
Section 0, Paragraph 53, 77 
characters. 

[Sarria-Student 
18]:  
(in this activity) we 
have more freedom 
of movility 
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Document 'QuestRuta-
3_2-GPS', 4 passages, 408 
characters. 
Section 0, Paragraphs 16-
17, 195 characters. 

[Eixample-Student 
1]: 
Option C. with this 
option you have the 
teacher for helping 
you 

Document 'observaciones-
profe-presentaciones', 2 
passages, 
301 characters. 
Section 0, Paragraph 9, 109 
characters. 

The teacher thinks 
that the objectives 
have been achieved 
 

 

Document 'P13-Quest-dia-
30-Profe', 1 passages, 284 
characters. 
Section 0, Paragraphs 10-
14, 284 characters. 

[Teacher 2] 
Students could learn 
about more districts 
working with mobile 
devices enable 
achieving other 
learning objectives: 
orientative and 
explorative skills and 
a more personal 
observation (of the 
environment) 

Document 'P6-GPS', 1 
passages, 191 characters. 
Section 0, Paragraphs 28-
31, 191 characters. 

[LesCorts-
Student4] 
You learn more with 
this activity because 
you have to put more 
attention 

Document 'QuestRuta-
3_2-NoGPS', 4 passages, 
463 characters. 
Section 0, Paragraphs 25-
26, 84 characters. 

[Gràcia-Student 4]: 
Using the mobile you 
have to pay attention 
constantly  

Problems   

Although the students 
understood quickly the 
possibilities of QTIS they 
indicated some usability 
problems : 
LBS problems: 
 - The mobile did not work 
properly or works slowly. 

Document 'observations-
group5-Eixample', 3 
passages, 354 
characters. 
Section 0, Paragraphs 39-
40, 172 characters. 

12.25 
The GPS does not 
work well again, 
however the students 
goes to the option of 
answering the 
questions. They 
know well the 
process. 
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-The GPS did not work in 
all the occasions. 
-The tactile screen did not 
detect some times the 
interactions. 

 

Document 'P11-GPS', 1 
passages, 61 characters. 
Section 0, Paragraphs 25-
26, 61 characters. 

[Eixample-
student3] 
It was difficult to 
click over the 
answers. 

Document 'P13-noGPS', 1 
passages, 139 characters. 
Section 0, Paragraphs 72-
75, 139 characters. 

[Sarria-student3] 
It is a good idea to 
use mobile 
applications but 
sometimes (the 
mobile) works slowly 
or it did not works 
properly  

Document 'P8-GPS', 6 
passages, 889 characters. 
Section 0, Paragraphs 38-
40, 142 characters. 

[Eixample-
student1] 
The mobile phone 
did not work 
correctly (in some 
occasion) 

  

Table 18. Partial results, data source and support data for the research question: 
Which were the differences between the groups that used the GPS and the others? 

Which were the differences between the groups that used the GPS and the 
others? 

Partial results Coding the data source Support data 

GPS-groups 

- The students showed a lot 
of curiosity and surprise 
using the GPS 

- They think that the GPS 
helps them to know where 
they were located 

- However they think that the 
map was necessary even 
some of them indicated that 
the streets were well 
signedpost. 

 

No-GPS groups 

- They think that the GPS 
was not necessary to do the 
activity. But some of them 

[Observations-day30] 

Document 'observations-
group2-SantMarti', 3 
passages, 433 characters. 

Section 0, Paragraph 19, 
127 characters. 

The students said 
“Wow! The mobile 
knows where we 
are!” 

[Q-students-final] 

Document 'P3-GPS', 10 
passages, 2792 characters. 

Section 0, Paragraphs 39-
44, 347 characters. 

[LesCorts-student5] 

It (the GPS) helped 
us to situate 
ourselves on the 
route because it is a 
good indicator for 
locating the streets 

[Q-students-final] 

Document 'P3-GPS', 10 
passages, 2792 characters. 

Section 0, Paragraphs 46-

[Eixample-
student1] 

Yes, I think that (teh 
GPS) was helpful for 
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indicated that the GPS could 
help them to find quickly the 
correct streets.  

-They indicated that not 
using the GPS they had to 
interact with the people of 
the street (asking about the 
streets). 

-Some students commented 
that the GPS would help 
them in the task of 
interpreting the map. 

 

GPS-noGPS groups 

- They preferred the 
questions which appeared 
using the GPS because they 
think that when using it the 
activity was more dynamic. 

 

 

 

51, 292 characters. knowing if we were  
following correctly 
the route 

[Q-students-final] 

Document 'P4-noGPS', 11 
passages, 3227 characters. 

Section 0, Paragraphs 33-
36, 359 characters. 

[Gracia-student1] 

... without the GPS 
we did a good work, 
answering the 
questions and 
following the route  

[Q-students-final] 

Document 'P4-noGPS', 11 
passages, 3227 characters. 

Section 0, Paragraphs 75-
79, 322 characters. 

[Sarria-student3] 

I think that using the 
GPS we would had 
found the questions 
faster 

Document 'P2-MIX', 6 
passages, 1145 characters. 

Section 0, Paragraphs 9-13, 
151 characters. 

[SantMartí-
student1] 

I prefered the 
questions when we 
use the GPS because 
the process was 
faster 

Document 'P2-MIX', 6 
passages, 1145 characters. 

Section 0, Paragraphs 16-
19, 192 characters. 

[SantMartí-
student2] 

I think that it was 
more interesting 
when the questions 
were indicated 
mediating the GPS 
because the process 
was more dynamic 
and different 

Document 'P2-MIX', 3 
passages, 570 characters. 

Section 0, Paragraphs 32-
35, 187 characters. 

 

 

[SantMartí-
student5] 

The activity was 
more interesting 
when we use the 
GPS because when 
we were advancing 
(on the route) in 
different places the 
GPS made that 
appeared questions  
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Table 19. Partial results, data source and support data for the research question: 
Is the QuesTInSitu solution enhancing the assessment in situ activity in terms of 

acquisition of knowledge & skills? 
Is the QuesTInSITU solution enhancing the assessment in situ activity in terms of 

acquisition of knowledge & skills? 

Partial results Coding the data source Support data 

The activity made that 
students achieve new 
skills/knowledge: 

- The students indicated 
that in some ocassions 
they talk with the people 
in the street to answer 
the questions (social 
skills); 

- The students 
discussed/negotiated 
between them in order to 
answer the question 

- Before answering a 
question the students 
observed the 
environment (they took 
notes and pictures) 
exploratory learning 

- When they received the 
feedback, they confirm 
their answer or look 
their environment to 
undertand their fail. 
Reflective learning 

- They preferred to 
answer the questions in 
situ with a mobile; they 
think that using it they 
have to be more focused. 

- The roles distribution is 
benefitial for the group: 
the students indicated 
that each role is 
important for doing the 
activity. They feel that 
playing the role the 
group can make the 
activity correctly. 
Teamwork skills 

- The students think that 

Document 'observaciones-
ciutatvella', 1 passages, 184 
characters. 
Section 0, Paragraph 7, 184 
characters. 

The students do 
not understand 
well the question 
number 1...they 
decide to ask 
some one. 

Document 'observaciones-
ruta-gracia', 4 passages, 761 
characters. 
Section 0, Paragraph 11, 81 
characters. 

They make 
pictures from the 
are and also they 
take notations. 

Document 'observations-
group5-Eixample', 1 
passages, 67 characters. 
Section 0, Paragraph 16, 67 
characters. 

Students are 
making 
photographs 
constantly and 
they talk about 
the content of the 
question 

Document 'observations-
LesCorts', 5 passages, 1304 
characters. 
Section 0, Paragraph 37, 202 
characters. 

The question 6 
appears and we 
are in front of 
the building 
related with the 
question. The 
students read the 
question and 
look the name of 
the building, 
they said: Look 
this is the 
answer, it is the 
Scientific Park!. 
Then they 
answered 
correctly the 
question 

Document 'QuestRuta-
3&3_1-GPS', 5 passages, 639 
characters. 
Section 0, Paragraph 35, 115 
characters. 

[Les Corts-
Student 9]:  
… you can 
interact with 
your mates 
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answering the questions 
in groups help them to 
know other opinions and 
to discuss in order to find 
the better answer. 
Teamwork skills 

- The students think that 
doing the activity they 
learnt how to locate 
themselves in the district. 
Ubiquitous learning 
skills 

- The students learnt new 
concepts of the districts 
(town planning, 
characteristics of the 
buildings and streets,…) 

 
The teacher also indicated that 
answering questions in situ 
makes that the students have 
to reflect more and apply their 
knowledge/habilities to answer 
the questions. In a 
paper&pencil test the students 
memorize the answers. 

Document 'QuestRuta-
3&3_1-Mix', 3 passages, 513 
characters. 
Section 0, Paragraph 27, 142 
characters. 

[Sant Martí-
Student 5]:  
... looking the 
places you 
answer better the 
question. When 
you answer a 
dossier with 
questions after 
doing an activity 
(outside the 
classroom) you 
do not remember 
all 

Document 'QuestRuta-3_2-
NoGPS', 2 passages, 237 
characters. 
Section 0, Paragraphs 25-26, 
84 characters. 

[Gràcia-Student 
4]: 
… using the 
mobile you have 
to put more 
attention 

'QuestRuta-7-GPS', 10 
passages, 1014 characters 
Section 0, Paragraphs 22-23, 
113 characters. 
Section 0, Paragraphs 31-32, 
77 characters. 
 

 [Les Corts-
Student 6]: 
...all the 
members gave 
our opinion in 
order to obtain a 
conclusion  
[Les Corts-
Student 9]: 
The whole group 
has participated 
in the activity 

Document 'QuestRuta-7-
NoGPS', 17 passages, 1289 
characters. 
Section 0, Paragraphs 31-32, 
116 characters. 

 [Ciutat Vella-
Student 9]:. 
We (the members 
of the group) 
have discussed 
the different 
options together 
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Document 'observaciones-
profe-presentaciones', 2 
passages, 
301 characters. 
Section 0, Paragraph 6, 192 
characters. 

The teachers 
think that 
students have 
learnt urban 
information in 
this activity and 
that, in an exam 
they will just 
‘vomit’ (catalan 
expression 
meaning that 
students answer 
without thinking) 
all what they 
know. However, 
going to the 
particular 
locations and 
think about the 
place, make 
them reflect 
about what they 
learn 

Document 'observations-
group5-Eixample', 4 
passages, 1163 characters. 
Section 0, Paragraph 20, 297 
characters. 

.. they read a 
question and 
analize the 
characteristics 
of the street… 

Document 'QuestRuta-11-
NoGPS', 2 passages, 202 
characters. 
Section 0, Paragraphs 40-41, 
90 characters. 

[Ciutat Vella-
Student 1]: 
I have learn how 
to situate myself 
in the district 

Document 'P1-GPS', 10 
passages, 1823 characters. 
Section 0, Paragraphs 25-27, 
189 characters. 

[LesCorts-
student5] 
The role 
distribution is 
adecuated, 
because each of 
us can be an 
expert of a task 
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Document 'QuestRuta-
9&9_1-GPS', 10 passages, 
2073 
characters. 
 
Section 0, Paragraphs 40-44, 
134 characters. 

[Eixample-
Student 5]:. 
Yes I learn new 
things : 
1) the location 

of the most 
important 
places of the 
district 

2) Town-
planning 
(concepts) 

3) I know the 
meaning of 
“xamfrà” 

Document 'QuestRuta-
9&9_1-NoGPS', 15 passages, 
1943 
characters. 
Section 0, Paragraphs 19-23, 
97 characters. 
 
Section 0, Paragraphs 37-41, 
110 characters. 

[Gràcia-Student 
3]: 
Yes I learn new 
things: 
1) The 

architecture 
(of the zone) 

2) The 
environment 
and 
population 

3) The type of 
streets 

 
[Gràcia-Student 
6]: 
I have learnt: 
1) how to 

orientate 
myself 

2) I know the 
zone 

3) how to 
apply 
technology 
for an 
activity 
outside the 
classroom 
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Table 20. Partial results, data source and support data for the research question: 
Which is the importance of saving the data of the students and giving a feedback 

in real time (score obtained, correct/incorrect responses…)? 
Which is the importance of saving the data of the students and giving a 
feedback in real time (score obtained, correct/incorrect responses…)? 

Partial results Coding the data source Support data 
The students were very 
enthusiastic when received the 
feedback (overall when the 
answer selected is correct). 
When the feedback indicated 
that the answer is incorrect, 
the students commented that 
knowing it helps them to 
understand better the question 
(to learn). 
The students read the 
feedback and then observe 
their environment. 
To know the feedback is an 
incentive to the students to 
follow with the activity. 
They indicated that the 
feedback helps them to know 
their progress in the activity. 
Some students review the 
feedbacks obtained in past 
questions to remember the 
message obtained. 
 
 

Document 'observaciones-
profe-presentaciones', 2 
passages, 
550 characters. 
Section 0, Paragraph 5, 457 
characters. 

The students 
wants to know 
the numbers 
(referring to the 
final marks). For 
instance she 
thinks that the 
final score and 
the ranking is 
very useful for 
justifying the 
final marks of the 
students. 

Document 'observations-
LesCorts', 5 passages, 1304 
characters. 
Section 0, Paragraph 33, 241 
characters. 

The feedback 
message 
indicates that 
they have to turn 
in the Baldiri i 
Reixac street. 
The students 
check the map 
and they look the 
name of the 
streets. 

Document 'observations-
group2-SantMarti', 3 
passages, 1084 characters. 
Section 0, Paragraph 21, 270 
characters. 

The student who 
carries the 
mobile phone 
read aloud and 
carefully the 
feedback. The 
guider listen the 
indications to 
know the way for 
following (the 
route). 

Document 'observations-
LesCorts', 6 passages, 1521 
characters. 
Section 0, Paragraph 44, 161 
characters. 

The students do 
not remember the 
last feedback that 
they have read. 
Then they decide 
to use the 



Appendix C 

219 
 

application to 
read again the 
message. 

Document 'observations-
LesCorts', 6 passages, 1521 
characters. 
Section 0, Paragraph 57, 53 
characters. 

They are happy 
because they 
have answered 
correctly all the 
questions less 
one. 
 

Document 'QuestRuta-4-
GPS', 10 passages, 1317 
characters. 
Section 0, Paragraphs 11-12, 
176 characters. 
Section 0, Paragraphs 32-33, 
128 characters. 

 [Eixample-
Student 2]: 
I liked to have 
the feedback with 
the answer in 
real time, 
because then you 
can know where 
you are wrong 
and in addition it 
(the feedback) 
guides you on the 
route  
[Les Corts-
Student 4]: 
I liked to know 
the score in situ 
because then you 
know if you 
observe enough 
the environment  

Document 'QuestRuta-4-
Mix', 6 passages, 838 
characters. 
Section 0, Paragraphs 8-9, 
121 characters. 

[Sant Martí-
Student 1]: 
If you answered 
incorrectly a 
question then you 
have the 
possibility of 
knowing the 
correct response. 
 

Document 'QuestRuta-4-
NoGPS', 16 passages, 1936 
characters. 
Section 0, Paragraphs 32-33, 
110 characters. 
Section 0, Paragraph 44, 87 

 [Ciutat Vella-
Student 9]: 
I am interested in 
knowing if I have 
selected the 
adequate 
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characters. response. 
 [Sarria-Student 
13]: I like to 
know the 
feedback because 
then you learn at 
the same time. 

 

3. Mediating an assessment in situ activity with QuesTInSitu and 
mobile technology enact the students’ motivation and produces a 
positive impact in the teachers and students’ interest and the 
associated learning benefits that this entails 

Table 21. Partial results, data source and support data for the research question: 
Did the students/teachers demonstrate interest to perform the activity? Did the 

students enjoy the activity? 

Did the students/teachers demonstrate interest to perform the activity? 
Did the students enjoy the activity? 

Partial results Coding the data source Support data 
Teachers 

The teachers were very 
happy after the experience 
(because they though that the 
activity was a success). 
They did not imagine an 
activity like this before this 
experience. 
They will repeat the 
experience the next year. 
 

Document 'observations-
teacher-route', 2 passages, 
212 characters. 
Section 0, Paragraph 11, 153 
characters. 

The teachers are 
very surprised 
(knowing the 
possibilities of 
QuesTInSitu). 

Document 'observaciones-
profe-presentaciones', 1 
passages, 115 characters. 
Section 0, Paragraph 4, 115 
characters. 

The teachers and 
the students are 
very happy 
because the 
logistics 
(technology, 
organization...) 
have been a 
sucess. 

Document 'observations-
teacher-route', 1 passages, 
197 characters. 
Section 0, Paragraph 26, 197 
characters. 

The teachers are 
interested in 
repeating the 
experience the 
next years. 

Document 'P15-Quest-dia-
30-Profe', 1 passages, 417 
characters. 
Section 0, Paragraphs 10-14, 
417 characters. 

[Teacher 2] 
(She didn’t 
imagine an 
activity like that 
before) 
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Document 'Quest2-
FinalTeachers', 2 passages, 
731 characters. 
Section 0, Paragraphs 14-28, 
436 characters. 

(the teachers 
indicated 
advantages of 
doing the activity 
with QuesTInSitu) 
- Structuring the 
activity with 
questions 
answered with 
mobiles and GPS 
- The number of 
participants per 
group, and 
separate groups, 
help to agilitate 
the activity. 

Students 
The students showed interest 
and enjoyed the activity 
because: 

- they used/interacted 
with technological 
devices 

- They did the activity in 
groups without the 
teacher and with a 
monitor 

- They learnt new things 
(about the district and 
about the use of the 
technology) 

- The students indicated 
that this activity 
promoted their 
participation (in 
comparison with other 
activities where the 
teacher is always 
talking and they taking 
notes) 

Document 'observaciones 
durante las presentaci', 3 
passages, 532 characters. 
Section 0, Paragraphs 96-97, 
212 characters. 

Students are 
excited when the 
researcher is 
showing the 
positions on the 
ranking. The 
group who is in 
the first position 
joyed: We won!; 
and some class-
mates made jokes 
answering: For 
sure you cheated! 

Document 'P8-noGPS', 12 
passages, 1885 characters. 
Section 0, Paragraphs 7-9, 134 
characters. 

[CiutatVella-
student1] 
I liked all (the 
experience) 

 

Document 'QuestRuta-12-
NoGPS', 9 passages, 888 
characters. 
Section 0, Paragraphs 55-56, 
108 characters. 

[Sarria-Student 
17]: 
I would repeat the 
experience, 
because I have 
learnt new 
things… 
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Document 'observations-
group5-Eixample', 2 
passages, 391 
characters. 
Section 0, Paragraph 10, 140 
characters. 
 
Section 0, Paragraph 44, 251 
characters. 
 
Section 0, Paragraph 57, 181 
characters. 

The students are 
very enthusiastic 
because they do 
the activity 
without teachers 
“Wow we will do 
the activity alone 
without the 
teachers!” 
 
The students said 
that they liked the 
activity because 
they did not have 
to listen (pasively) 
to the teacher. 
 
All the students 
said that they 
have fun and they 
liked to answer 
questions with the 
mobile... 

Document 'QuestRuta-12-
GPS', 1 passages, 116 
characters. 
Section 0, Paragraphs 22-23, 
116 characters. 

[Les Corts-
Student 6]: 
Yes, I would 
repeat this 
experience 
because it has 
been very 
amazing and I 
think that you 
learn more doing 
it 

Document 'QuestRuta-
3&3_1-NoGPS', 1 passages, 
237 
characters. 
Section 0, Paragraph 45, 237 
characters. 

[Sarria-Student  
4]: The mobile 
phone is more 
practical than a 
portfolio (where 
the sheets are 
always wrinkled 
and you lose 
them…) The 
mobile also 
incites you to 
participate more 
... 
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Document 'QuestRuta-11-
MIX', 4 passages, 483 
characters. 
Section 0, Paragraphs 19-20, 
133 characters. 

[Sant Martí-
Student 4]: 
Is an entertaining 
activity, I have 
learn more 
looking for myself 
(the district) that 
learning it in the 
classroom. 

Document 'P13-noGPS', 2 
passages, 196 characters. 
Section 0, Paragraphs 62-65, 
79 characters. 

[Sarria-student1] 
I think that it is a 
good idea for 
improving the 
learning 
 

 

C.3 PSMs of QTI geographical interactions 
The following section contains the information related with the 
corresponding models of the GMapsInteractions implemented in the 
QTIMaps system. These models are based on the QTI-PSM presented in 
Chapter Four. 

Choice Interaction: It is similar as the Choice interaction defined in QTI. 
The question shows a set of choices and only one option is correct. This 
type of interaction can be used in two ways A and B: 

A. Choice: the map of GoogleMap can be used as an image (see Figure 
47 (a)), and under it the text of the question with a set of choices is 
included. Users have to select, 1 of the 4 options under the map. In 
this example, they have to select the correct name of the peninsula 
showed in the map (the “Iberian Peninsula”) and press the submit 
button. The difference with a classical choice question of QTI, are the 
following four configurable parameters (see Figure 47 (b)): 



Appendix C 

224 
 

0 

  Latitude 

Map

IMS QTI

ConfigurationParameters 

Extent 

Appearance 

Zoomtool 

Pantool 

  Longitude 

  Zoom 

  (E.g., Satellite) 

  enabled (true/false) 

  MaxZoomOut 

MaxZoomIn 

  enabled (true/false) 

(a) (b) 

 

Figure 47. (a) Choice Interaction, using a Googlemap as an image (b) Elements 
of the “interactive map” XML binding 

 
o Zoom interaction: The designer can choose if they enable 

the use of the zoom when the user has to interact with a map. 
Users can change the zoom level of a map to contextualize the 
question when answering. 

o Pan interaction: The designer can choose if they enable the 
use of the drag action. Users can drag the map (using four 
possible directions: bottom, up, right and left) to contextualize 
the question. 

o Extent application: The designer can choose the latitude, 
longitude and maximum level of zoom of a map. 

o Appearance application: This application allows the 
designer to choice how will be the appearance of the map. 
They can choose between: satellite, road map or the 
combination of both. 

 

Markers: A set of Gmarkers can be used as choices over the map (see 
Figure 48 (a)). Users can interact with the information of the map, and 
when they select a Gmarker it can contain an explanation. In this example 
of question, users have to select the Catalan city with more population. 
When the users select an option, they have to press the submit button. 
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Figure 48 (b) schematizes the model proposed to represent the 
configurable parameters of the map (these are the same than in  

B.  Figure 47 (b). However, in this type of question the model contains 
new elements. The “GeographicElements” element of the map 
contains the Gmarkers. This element has to include their position as 
well as the information that is shown where the learner clicks on each 
one. The other new element, is the type of interaction that the user can 
do, it is called “Interaction”. The correct response is not included in 
the map description, since this information is included in a QTI 
question item (see Figure 48 (b)). 

0 

ConfigurationParameters 

InteractionType 

Marker 

Method 

 ID 

   latitude 

   length  

  (e.g., ClickMarker) 

(a) (b) 

 

IMS QTI

Map

GeographicElements 

   caption  

Interaction 

  (e.g., ChoiceInteraction) 

 
Figure 48. (a) Choice Interaction using Markers in GmapInteractions (b) 

Elements of the “markers on map interaction” XML binding 
 
C. Order Interaction: It is similar as the Order interaction defined in 

QTI. But it has been enriched with the Google Maps information. The 
user has to do a click over the GMarkers (see Figure 49  (a)) in the 
correct order (predefined on the question). In this example, the user 
has to order the four Catalan capitals according to their population. 
The difference with the model explained in the Figure 49 (b) is the 
element called “Interaction”. The type of interaction now is called 
“OrderInteraction” (see Figure 49 (b)). 
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ConfigurationParameters 

InteractionType 

Marker 

Method 

 ID 

   latitude 

   length 

  (e.g., ClickMarker) 

(a) (b) 

IMS QTI

Map

GeographicElements 

   caption  

Interaction 

  (e.g., OrderInteraction) 

 

Figure 49. (a) Order interaction in GmapInteractions (b) Elements of the “order 
interaction with markers on maps” XML binding 

 
D. PointIntoPolygon: It is a new interaction using the functionalities 

provided by GoogleMaps, which is not traditionally included in QTI. 
An algorithm, especially created to this interaction, confirms if the 
point is into a polygon previously created in the edition of the 
question. This polygon is invisible to the user. 

o Just one Click: In this interaction the user have to do a click 
in the position that the question demands (see Figure 50 (a)). 
As we can see in the model defined in the Figure 50 (b) it 
includes new elements. The GeographicElements now contain 
the element called “Polygon”. This element is defined by the 
author of the question. The author has to define it with a set of 
“vertexs”. This is a “hidden” area for the users. It defines the 
boundary where the learner has to do a click.  The type of 
interaction method is called “GeographicCheck”. The 
interaction information is modelled through: pattern (the 
geographic element(s) corresponding to the right answer, in 
this case the polygon element defined for Italy), user input (in 
this case a clic (point) on the map), and relation operator to 
check if the user input is right or not (in this case, the contains 
operator). 
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0 

ConfigurationParameters 

InteractionType 

Polygon 

Method 

  ID 

   vertex  (as many as necessary) 

   hidden 

  (GeographicCheck) 

(a) (b) 

 

IMS QTI

Map

GeographicElements 

Interaction 

  (e.g., OneClick) 

Pattern 

Relation   (e.g., Contains) 

  (Polygon ID) 

UserInput   (e.g., Point) 

 

Figure 50. (a) PointIntoPolygon interaction - Just one Click (b) Elements of the 
“marking points on maps” interaction XML binding 

 
o Markers: The user has to move a GMarker in the correct 

position related to the question (see Figure 51 (a)). In this 
case, users have to drag and drop the Gmarker (which is 
defined as a GeographicElement, see Figure 51 (b), in the 
correct position. For this reason, this GeographicElement and 
their characteristics (ID, latitude, length, caption) is added to 
the model. 
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0 

ConfigurationParameters

InteractionType 

Polygon 

Method 

  ID 

   vertex  (as many as necessary) 

   hidden  

  (GeographicCheck) 

(a) (b) 

 

IMS QTI

Map

GeographicElements 

Interaction 

  (e.g., OneClick) 

Pattern 

Relation   (e.g., Contains) 

  (Polygon ID) 

UserInput   (e.g., Point) 

Marker 

 

Figure 51. (a) PointIntoPolygon interaction –Markers, (b) Elements of the 
“marking Markers on maps” interaction XML binding 

 
E. Draw lines: It is also a new interaction using the functionalities 

provided by GoogleMaps. In this question, the user has to draw the 
boundary between Spain and Portugal. To draw the frontier, users 
have to do clicks and a line appears (see Figure 52 (a)). As in the 
PointIntoPolygon interaction, a previous polygon (invisible to the 
users) has been defined by the author. A javascript function, contained 
in the XML of the map, verifies if the line is in the correct boundary 
position. The buffer special operator, determines if the line created by 
the user is into the area (Polygon) defined by the author (see Figure 
52  (b)). 
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InteractionType 

Polygon 
(vertexes 

forming a line) 

Method 

  ID 

   vertex  (as many as necessary) 

   hidden  

  (GeographicCheck) 

(a) (b) 

IMS QTI

Map

GeographicElements 

Interaction 

  (e.g., SingleChoiceInteraction) 

Pattern 

Relation   (e.g., Contains) 

  (Polygon ID) 

UserInput   (Line) 

  Buffer width  (e.g, 50000) 

ConfigurationParameters 

 

Figure 52. (a) Draw line interaction drawing a frontier, in GmapInteractions (b) 
Elements of the “drawing lines on maps” interaction XML binding 

 
There are many possibilities of use of this interaction. In Figure 53 we can 
see an example where the user has to draw a shortest path between two 
points. The algorithm contained in the javascript of the map will verify if 
the answer is correct. 

 

 
 

Figure 53. Draw line interaction drawing a path between two points, in 
GmapInteractions
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