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PREFACE

I love languages. I love learning them, speaking them, reading them, and teaching
them. I love the look on people’s faces when you speak to them in their native language
and I (secretly) love when people mistake me for a native speaker of one of the lan-
guages that I have had the pleasure to master. My approach to learning new languages
has always been to rely as much on classroom lessons as reading books and articles,
listening to music, and practising as often as I can. And a key part of learning each of
my five languages has consistently been consulting dictionaries : to find a definition,
look up a synonym, or learn how to conjugate a word in the absurd-sounding subjonctif
plus-que-parfait... dictionaries have always been there to save the day, even without me
realizing it.

In the second year of my PhD, while I was still trying to figure out what exactly the
subject of my research project would be, I met Ophélie Tremblay, who would become
one of my thesis supervisors, and who spoke to me about the importance of dictionar-
ies, not only for language learners, but also for native speakers, for teachers, for writers,
and inspired me to choose the process of dictionary consultation as the 'cognitive com-
ponent of my thesis. To add to this, Roger Nkambou, one of my thesis supervisors from
the very start, advocated Intelligent Tutoring Systems — mysterious-sounding tools that
seemed to magically help learners — as the computer component. I decided to give them
a shot, guided all along by Jacqueline Bourdeau, my main thesis supervisor and Dok-
tormutter, who constantly reminded me to dig deep and think hard, because things are
always more complex than they seem.

~ As aresult, based on nothing except my enthusiasm for languages and my curiosity for
learning, encouraged and inspired by my 3 supervisors, I embarked on a 5-year journey
that would become my PhD project. You will find the results of this quest in the present
thesis, and I hope you will enjoy reading it as much as I have enjoyed writing it.
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RESUME

Le présent projet de recherche vise a développer un modele cognitif des connaissances
et des compétences mobilisées dans le processus de consultation d’un dictionnaire et
d’implémenter ce modele dans STI-DICO, un prototype d’un systéme tutoriel intel-
ligent qui cible les futurs enseignants du francais au Québec. Les systemes tutoriels
intelligents sont des outils informatiques qui visent 2 atteindre un niveau d’adaptivité
et de guidage comparables a ceux d’un tuteur humain, favorisant 1’apprentissage -aussi
bien en salle de classe qu’aupres d’apprenants indépendants (Shute and Regian, 1993;
Koedinger et al., 1997; Graesser et al., 2001; Nkambou et al., 2010). Afin de développer
STI-DICO, nous avons employé une méthodologie itérative, Design-Based Research
(The Design-Based Research Collective, 2003). Notre projet est constitué de plusieurs
itérations : (1) une revue des écrits des recherches existantes sur 1’utilisation des dic-
tionnaires, (2) le développement de notre propre modele cognitif du processus de con-
sultation du dictionnaire, (3) I’évaluation empirique de ce référentiel via un protocole
de verbalisation (Ericsson and Simon, 1987), et (4) le développement d’un prototype
de STI-DICO qui inclut une interface interative, des activités d’apprentissage authen-
tiques, et des fonctionnalités de tutorat adaptatives pour guider les apprenants. En
représentant 1’ensemble complexe des concepts et des compétences qui sous-tendent
I’utilisation du dictionnaire, nous visons non seulement & créer un outil d’apprentissage
qui aidera les futurs enseignants a maitriser le processus de consultation du diction-
naire, mais aussi 2 étudier la consultation du dictionnaire de maniére systémique, en
tant que phénomene cognitif a part entiére. Dans la présente these, nous allons décrire
les itérations que nous avons suivi pour concevoir et développer notre modele cogni-
tif et le prototype de STI-DICO en utilisant la méthodologie Design-Based Research,
présentant les résultats intérmédiaires et finaux de chaque itération et concluant avec
une discussion du progrés, des limites et des perspectives futures de notre projet.

Mots clés: systemes tutoriels intelligents, formation des maitres, compétences diction-
nairiques, lexicologie, Design Based Research, représentation des connaissances.



ABSTRACT

The present research projects aims to develop a cognitive model of the skills and knowl-
edge mobilized in the dictionary consultation process and to implement this model in
STI-DICO, a prototype of an Intelligent Tutoring System targeting French teachers-in-
training in Quebec. Intelligent tutoring systems. are computer-based tools that aim to -
achieve a level of adaptivity and guidance in learning comparable to that of a human
tutor and have been shown to be highly effective in fostering learning both in classroom
settings and for independent learners (Shute and Regian, 1993; Koedinger et al., 1997,
Graesser et al., 2001; Nkambou et al., 2010). In order to create STI-DICO, we have
used an iterative methodology, Design-Based Research (The Design-Based Research
Collective, 2003). Our project consists of several iterations : (1) a literature review of
existing research on dictionary use, (2) the development of a cognitive model of the dic- .
tionary consultation process, (3) the empirical evaluation of this framework via a Think
Aloud protocol (Ericsson and Simon, 1987); and (4) the development of a prototype of
STI-DICO, which includes an interactive user interface, authentic learning activities,
and adaptive tutoring features to guide learners. By representing the complex set of
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concepts and skills that underlie dictionary use, we ai
tool to help future teachers master the dictionary consultation process, but also to study
dictionary consultation as a cognitive phenomenon in itself. In the present thesis, we -
will describe the iterations that we followed to design and develop our cognitive model
and the STI-DICO prototype using the Design-Based Research methodology, present-
ing the intermediate and final results of each iteration and concluding with a discussion

of the progress, limits and perspectives of our research project.

Key words: Intelligent tutoring systems, teacher training, dictionary skills, lexicology,
electronic dictionaries, Design-Based Research, knowledge representation.



INTRODUCTION

In our day and age, we have access to a multitude of electronic tools for reading and

writing, giving us instant access to different types of information in order to meet our

linguistic needs. This is especially the case for French speakers, who can consult a
multitude of high-quality lexical tools, including 'm(')nblingual dictionaries such as An-

tidote, Le Petit Rob'eri and Le Larousse, which are all used by thousands of users on -
a daily basis. However, beyond being simple repositories of lexical information, these
dictionaries are rich cognitive tools, playing an ifnportant role in the vocabulary de-
velopment of language learners (Scott et al., 2008) in improving reading and writing
skills (Bishop, 2000) and in contribu_ting to students’ academic success (Beech, 2004;
Carstens, 1995). In Québec, the ability to use a dictionary has been identified as a

skill to be developed in the Progression des apprentissages au primaire (Ministére de

I’Education du Québec, 2006), one of the key documents published by the Québec

Ministry of Education. Consequently, increasing emphasis' is being made on teaching
students how to properly use dictionaries to the help them both in the classroom and at

home.

Despite the clear advantages of dictionaries for improving the reading and writing pro-
cesses, it has been systematically found that they are seldom used by students, which
can be explained in part by the fact that they have not received the necessary teach-.
ing regarding the content and functioning of the dictionary (Tremblay, 2009; Anctil,
2011). The same lack of skills can be observed among teachers themselves, who are
not formally trained to teach dictionary usage during their training (Chi, 1998; Bae,
2011). In fact, the consultation of a dictionary (both paper and electronic) is a complex
cognitive process which is based on the simultaneous mobilization of an extensive set
of theoretical concepts and practical skills (Fraser, 1999; Scholfield, 1999; Elola et al.,
2008; Gavriilidou and Mitits, 2013; Lew, 2013a; Hartmann, 1999b). In recent years,






~ studies have focused on listing.the skills needed for successful dictionary usage, aiming
“to link these skills to steps in dictionary- consultation, common consultation errors and
their underlying cognitive causes, and highlighting the importance of explicitly teach-
ing dictionary skills (Nesi and Haill, 2002; Lew and Galas, 2008; Tremblay et al., 2003).

We believe that there is a need for a thorough cognitive modeling of the process of dic-
tionary consultati_on; _tdrepresent the processes and concepts that are mobilized and the -
steps that are followed during this process. This cognitive model should be anchored
by a formal representation of linguistic concepts, linking them with the skills that they
solicit and with steps in dictionary consultation that require these skills. We also see the
need to carry out in vivo empirical experimentation regarding dictionary consultation,
using methods that will shed some light on the cognitive processes taking place and
gathering data on the strategies and skills employed' by subjects.

However, a simple modeling is not enough to address the existing gap in dictionary
skills in both teachers and students. In order to help bridge this gap, we believe that
there is a need for a digital tool to foster the knowiedgé and skills identified in the
modeling of the dictionary consultation process, using this model to provide adaptive
feedback and hints and to track the evolution of learner skills and knowledge. We
consider that this tool should specifically target teachers, since they can later transmit
the knowledge acquired to their students. We also propose that this tool be offered as
an additional module to existing teacher training prpgrafns, énd that it should adapt
to teachers’ existing knowledge to propose learning activities and guidance that would
correspond to their learning needs. We believe that such a tool can make a significant
impact on both teachers and, eventually, their students, and can be useful in improving
dictionary usage by both in the long term.

Thesis Structure

Our research problem and our hypotheses and objectives are described in Chapter 1.
Chapter 2 presents a literature review for both the cognitive and the computational
components of our thesis. Our methodology is described in Chapter 3, whereas Chapter
4 illustrates the approach and iterations that we followed to achieve our results, which



are also presented in the same chapter. Finally, Chapter-5 casts a critical eye on the

research project as a whole and proposes new research directions.






'CHAPTER 1

RESEARCH QUESTION, HYPOTHESIS AND OBJECTIVES

1.1 Presentation of the Research Problem

The issues we wish to explore in the present research project relate to broader issues
raised in several domains of knowledge, notably Artificial Ihtelligence in Education
(AIED), teacher training, as well as lexicology and lexicography, both branches of lin-
guistics. The issue regarding the automatic adaptation of pedagogical content and dig-
ital learning activities has been extensively addressed in the field of AIED, which aims
to achieve a level and quality of teaching comparable to that of a human tutor (Corbett,
2001; Koedinger et al., 1997). This domain of research has led to, among other things,
the creation of Intelligent Tutoring Systems (ITS), digital learning environments capa-
ble of organizing their content according to the learning needs of individual learners,
aiming to maximize learning through adapting their behaviour in real time (Nkambou
et al,, 2010; Woolf, 2010). ITS use teéhniques such as cognitive diagnosis (Corbett
et al., 1997), skill tracing (Aleven et al., 2009), and adaptive hints and feedback (Van-
lehn, 2006) to offer students a personalized learning experience, adapting to their level
of knowledge, their motivation, affective state and learning needs (Self, 1998). |

While the many existing E-learning and AIED tools can certainly contribute to helping
students learn, teachers nonetheless continue to play a key role in guiding students in
acquiring the skills, knowledge and tools that they will need later on in life. However,
during their training, teachers are expected to master a large quantity of concepts and
tools in a short time, often ending up with gaps in their knowledge, especially since
so many new tools and technologies have been developed in recent years. This is es-
pecially the case for language teachers, who play a key role in their students’ success,
since it is via language mastery that students can access to a better comprehension of



other subjects (Simard, 1994). However, numerous studies haye shown that teachers
do not sufficiently develop skills involving the awareness and control of linguistic com-
ponents of language, resulting in a difficulty teaching key linguistic concepts to their
students (Chi, 1998; Bae, 2011).

Systematically, studies have shown that dictionaries play an important role in vocabu-
~ lary development, which is a key factor in academic achieVefnent’(Scott'et al., 2008). In
recent years, electronic dictionaries have emerged, offering new functionalities, search
functions and a dynamic interface, and resulting in a paradigm shift that has funda-
mentally changed the process of dictionary use, especially in terms of access to infor-
mation, which has become much more rapid and direct (Lew, 2013b). However, the
successful use of electronic dictionaries, even more so than their paper counterparts,
requires the knowledge of a set of theoretical concepts and the mastery of a number
of practical skills that are rarely made explicit (Hartmann, 1999b; Lew, 2013a), and
taught directly (Wingate, 2004). This has given rise to numerous proposals for explicit
teaching of the knowledge and skills needed for efficient dictionary consultation, in
order to equip users regarding how to properly exploit dictionaries to their full poten-
tial (Carstens, 2013; Kaminski, 2013).

In Quebec, the ability to use an electronic dictionary has been defined as a top-priority
skill at both primary and secondary school levels by the Ministry of Education of
Quebec (Ministere de 1’Education du Québec, 2006). However, studies have repeat-
edly shown that electronic dictionaries are seldom used by both students and teachers;
mostly due to the fact that neither group has received the propér instruction in terms of
conceptual and procedural knowledge (Baron and Bertrand, 2012). This is despite the
presence of electronic and paper dictionaries in the classroom and teachers’ declared
ability of being comfortable with the consultation of both paper and electronic dictio-
naries and positive attitude towards their utility in writing and reading texts (Tremblay
et al., 2016). The situation therefore seems favorable to welcoming a learning tool that
would help teachers develop their dictionary skills and underlying lexical knowledge,
and to give them the skills that they need to use dictionaries in the classroom and to
transfer these skills with their students.



Finally, while there are existing tools for fostering dictionary usage, these tools target
students instead of teachers. We consider that in order to effectively address the gaps
in dictionary usage, it is best to target teachers, since not only can they consequently
transmit the knowledge acquired to several generations of students, but also because
the teachers themselves can profit from what they have learned and apply these skills in
their own day-to-day activities. However, the design of a learning tool targeting teach-
ers has its own specificities, since during its creation it is necessary to take into account
 the teachers” existing knovx}ledge and skills, which are more substantial than those of,
for instance, primary or middle school students. We will address these specificities in
the development of our doctoral project. !

- 1.2 Research Questions
The main research questions for this project are the following: -

" 1. What are the practical skillé and fundamental concepts mobilized during dictio-
nary consultation?

2. How is it possible to present‘these skills and concepts within a model that repre-
A sents their structure?

3. Ts there a cognitive computing solution that could help foster the development
of these dictionary skills and concepts, in the specific context.of the Quebec
educational system and given the dictionaries that are available in it? -

1.3 Research Hypotheses

1. In order to fully represent the dictionary consultation process, it is necessary
not only to create a cognitive model of the dictionary consultation process which
represents not only the practical dictionary skills that are needed for consultation,
but also: '

¢ The fundamental concepts that are mobilized;

e The underlying lexical skills that are required;



e The steps that are followed.

2. An Intelligent Tutoring System (ITS) is a highly adequate tool to foster these
skills because: S

e The domain model of an ITS enables the cognitivé representation of the .
complex dicﬁ_onary consultation process, including the. stéps it requires and
the skills it mobilizes (Corbett et al., 1997; Mitrovic et al., 2007; Aleven
et al., 2009) | -

e ITSs are adaptive learning tools that can address‘kn'o'wledge asymmetries
produced in the educational system, helping each learner focus on the issues
relevant to their own understanding (Nkambou et al., 2010; Woolf, 2010)

e ITSs can be used td complement the existing training programs, targeting
specific topics and skills that are not covered in the Ministry curricula but
that are necessary for successful dictionary usage (Koedinger et al., 1997;
Aleven and Koedingef, 2002) |

1.4 Research Objectives

We will separate the objectives of our research into general objectives and sub-objectives:

Objective 1: To formally model dictionary consultation as a complex cognitive process,
starting from the theoretical concepts and knowledge items that it requires to the practi-
cal dictionary skills that it mobilizes and the steps that are followed during consultation.

This will be done by:

o Creating an exhaustive cognitive model of dictionary skills and knowledge;
¢ Anchoring this model using an existing formal representation of lexical concepts;

e Validating this model both erhpirically, with dictionary users of different levels,
and theoretically, with experts from the field of linguistics.



Objective 2: To develop STI-DICO, an Intelligent Tutoring Sy.stem to help French
teachers-in-training acquire both the theoretical knowledge and the practical skills needed
to appropriately use electronic dictionaries. N

- This will be done by:

‘o Choosing the most suitable, up-to-date authoring tools and technologies in order
to implement the ITS; |

' o Designing an interactive, Web-based interface that will deliver content, learning
activities and feedback while limiting learners’ cognitive load;

e Creating learning activities that will target specific skills and concepts from the
knowledge framework, and anchoring them in authentic situations requiring dic-
‘tionary consultation;

e Defining correct and erroneous solution paths based on empirical data of users’
dictionary usage, and adapting the behaviour of the ITS for each path;

e Developing hints and feedback to be provided to learners based on the difficul-
ties that they encounter, the errors that they make and the underlying cognitive
- reasons behind the errors; -

o Identifying the skills mobilized at each step of each activity and representing their

evolution in real time;

e Validating the ITS with representative learners from its target user group to ensure
its performance. '



- CHAPTER II

CONCEPTUAL FRAMEWORK

_Since our research project addresses several areas domains of knowledge, notably lin-

- guistics, lexicography, cognitive science, computer science and artificial infelligence,
we will provide an overview of research that has been carried out regarding our top-
ics of study in all of these éreas, to offer the most complete presentation of the issues
covered as possible. We will divide this overview into two parts : the cognitive aspect
(Section 2.1) and the computer science aspect (Section 2.2).

2.1° Cognitive Aspect

While our research project concerns the specific study of the process of dictionary con-
. sultation, the steps it involves as well as the concepts and skills that it niobilizes, we
wish to insist upon the fact that this model is simply an application that we have chosen
in order to instantiate a more abstract approach and a much larger scope of applicability.
Our aim is to build a cognitive model of the complex process of 'dictionary consulta-
- tion, and to connect it with the different contexts in which it takes place and the steps
théf lisers follow to achieve their goals. As we stated in Chaptef 1, our target audience
are French teachers in training, most of whom are native French speakers who already
have a very good mastery of the French language, which has repercussions on the com-
plexity of learning activities and materials that we include in our ITS. While this is the
specific application of our model, we believe the approach that we have followed to
be sufficiently generic to be applicable in other learning contexts and to other target
learners, for example learners of French as a foreign language.

In the present section, we will describe the conceptual framework that we have chosen,
justify its choice, and describe research in related domains, such as linguistics, psy-
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chology, and computer science. In Section 5.7 of the Discussion, we will broaden this
application and go into more detail regarding its more wide-reaching repercussions and

- the applicability of our model in other contexts.

2.1>.1 Meaning-Text T hé'ory .

In terms of theoretical linguistic frameworks, we adhere to the Meaning-Text Theory
(MTT), a framework that represents natural languages, providing a large and elabo-
rate basis for their description and which, due to its formal character, facilitates their
representation within a computer system. This theory, which first saw its genesis in
1965 (Zholkovskij and Mel’chuk, 19635), operates based on the principle that language
consists of mapping the content or meaning of an utterance with its form Or_ text, and
therefore represents language as a formal machine that enables this mapping. Its goal
is _thérefore to develop systems of explicit rules that represent the c_:orrespbndence be-
tween the meanjrig (semantics) and text of various languages, in order to facilitate their
analysis and synthesis. '

‘A formal representation of the lexicon and combinatorial properties and rules of a lan-
guage has already been produced for several languages, including Russian (Mel’€uk

' and Zholk_ovsk_yﬁ 1984) and French (Iorda_nska_ja and Mel’cuk, 1999; Mel’Cuk and Polguere,

1987). However, a major advantage of MTT is that it is independent of the language

described and that it therefore addresses phenomena which exist in all natural lan-

gliages, seeking to build formal models which explain and model lahguage in gen-

eral. This enables theoretical linguistic models derived using MTT to be implemented

as computer models (Lareau, 2003; Chaumartin, 2012), applied to the field of language

learning (Gentilhomme, 1992; Leed and Nakhimovsky, 1979; Mel’cuk, 1996; Polguere,

2010) and used as the basis for the development of Natural Language Processing (NLP)

tools and databases (Mel’cuk and Polguére, 2007).

Furthermore, an important aspect of MTT is the way that it describes the lexicon, which-
is defined as a comprehensive set of all of the lexical units in a language. This is not
restricted to single words (like ‘table’ or ‘apple’), but also collocations (such as ‘fall
in love’ or ‘rising anger’), as well as idioms such as ‘a penny for your thoughts’ and
other constructions that are used by speakers of the language (Mel’cuk, 1995). What
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speakers internalize and put into practice every day is therefore not only a list of all
~ the words in their language, but also the specific rules and conditions that limit their
combination, which enables them to say things like “speak your mind” but not *talk
your mind'. This makes it possible to use MTT to represent native speaker knowledge
in a holistic way, since each word in a language is linked to other words via different
types of semantic and syntactic relationships. This also makes it possible to represent
language in computer form, for instance using ontologies, such as we will see in Sec-
tion 2.1.1.1, or semantic graphs, as which we cover in Section 2.2.4.

~ More recently, propositidns have been made for integrating Vintr(')ductory lessons on
- MTT to existing language teacher training courses (Tremblay and Polguere, 2014).
' The reason for this is that the formal representation of lexical knowledge that is ad-
vocated by MTT is particularly useful to language teachers, since it fosters a better
understanding of program content and the concepts that it covers, which can help im-
prove teaching by adding a systemic perspective to activities such as vocabulary lists
and dictation. While this is not yet the case, it is a promising direction that is being pur-
sued by numerous authors, notably by Alain Polguere, who has written an introductory

- - work covering the key concepts of MTT semantics and lexicology for the general pub-

lit;, and especially for teachers (2003). We ourselves have been inspired by Polguére’s
approach to develop our own material. However, we have also integrated material from
_ other sources, most notably the GTN ‘on_tology, which we will describe below.

2.1.1.1 Linguistic and Metalinguistic Ontologies

Used to formally describe, structure and define concepts, properties, and their relation-
ships, ontologies exist in many domains of knowledge. For instance, several ontologies
exist in the domain of linguistics, with many of them aiming to describe the vocabulary
of a language, to be used mostly in Natural Language Processing applications such as
automatic text generation and machine translation. Undoubtedly the most well-known
linguistic ontology, the University of Princeton’s WordNet (Kilgarriff and Fellbaum;
2000), consists of a lexical database of English with different types of lexical units orga-
nized around hyperonym-hyponym relations connecting sets of synonyms, Or synsets.

IThe asterisk here indicates an ungrammatical form or structure



13

However, while synsets aim to represent psycholinguistic units of reasoning (such as

‘human’, ‘dog’, ‘big’, etc.), there is no formal modeling of other relations between

lexical units, such as those that affect their usage (e.g. in terms of verb+noun combina- '
tions and idioms), which are an important part of the lexicon of a speaker’s language.

Therefore, while this type of ontology is very useful for automatically analyzing and/or

generating natural language, it is less useful for a research project like ours, whose goal |
is to represent general lexical and meta-lexical knowledge in order to undefstand how

it is structured and how the concepts and skills that are related to it can be mobilized in

specific contexts such as that of dictionafy consultation. '

Another type of ontology that exists in the linguistic domain are ‘meta-linguistic’ on-
tologies, which do not aim to describe specific languages but more the concepts that
structure the functioning of a language, whether they are lexical, syntactic, or mor-
phological. -A notable example of a meta-linguistic ontology is GOLD '(General On-
tology for Linguistic Description) (Farrar and Langendoen, 2003), the first ontology
built specifically for the linguistic description of the Semantic Web. GOLD is linked
to a higher-level ontology, the Suggested Upper Merged Ontology (SUMO) (Niles and
Pease, 2003), which represents categories and divides them into physical and abstract
Concepts,‘ as well as into objects and processes. The SUMO ontology provides axioms
which épecify the behavior and properties of each_category by using inference rules.
This provides a fundamental anchor for GOLD, which uses a similar classification for
its linguistic categories, based on the kind of ontological entities that they represent. |
Once again, while this type of ontology is a coherent and holistic representation of
language, for our research project it is too broad, since it covers everything from the
syntactic concepts to the physical objects of a language, without focusing on its con-
ceptual and, above all, its relational aspects.

Recently, in an effort to describe and model notions from lexical didactics from the
point of view of MTT, a formal ontology was developed, entitled GTN (Gros Tas de
Notions, or ‘Big Pile of Concepts’ in French). This ontology consists of a hierarchi-
cal modeling of concepts and relations from lexicology and related disciplines, aiming
to represent these concepts in a way that highlights their lexical structure and there-
fore promotes learning of the concepts represented (Tremblay and Polguere, 2014).



14

GTN has a multi-level structure based on three types of elements (terms, concepts and
notions), which enable the hierarchical representation of concepts and the relations be-
tween them, which is especially important given the fundamental nature of our research
project.

GTN is also, to our knowledge, the first bilingual (French and English) lexical ontology
aimed specifically towards an application in language teaching and learning, designed
with a pedagogical aim in mind. This results in GTN having a large number of expla- .
nations, definitions and links created to promote effective learning (Tremblay, 2009).
Presently, the GTN contains over 200 linguistic concepts, along with their definitions
and relations. Figure 2.1 presents a Screenshot of the GTN ontology; where one can
see the names of objects classes (such as ‘Vocable’, ‘Lexical Class’, etc.) on the left,
and specific instances of the classes on the right, along with their definitions and the
other classes that they are hierarchically related to. Thanks to this formal structure, we
were able to extract a part of GTN in order to use it in our project directly, keeping the
original hierarchy intact.
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Figure 2.1: Screenshot of the GTN Ontology
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Covering the major linguistic ontology efforts that currently exist made us convinced
that the GTN ontology is a unique resource invaluable to our research project. First
of all, it is struétured according to the postulates of the MTT, which makes it easy to
integrate it with the concepts and relations thal_t we aim to address in our ITS. Second,
GTN is soundly structured on an informatics level, consisting of a multi-level structure
implemented in OWL, the W3C Web Ontology Language?, meaning that it is directly
machine-readable. Its hierarchical structure with multiple inheritance also allows for
logical reasoning regarding concepts, making it usable for automatic reasoning. Finally,
it directly references concepts such as ‘meaning’ and ‘polysemy’, which are linked
to dictionary consultation, which is the cognitive process at the heart of our research
project. In the following sections, we will go into more detail regarding dictionaries,
their usage, and the place they hold within our research project.

2.1.2 Dictionaries

Far from being mere compilations of words and their definitions, dictionaries are rich
and complex tools whose successful usage involves a complex cognitive process. This
is partly due to the fact that not only are there many different types of dictionaries
(e.g. bilingual, monolingual, visual, thematic, enéyclopedic, etc.), but also that each
dictionary is designed according to the lexicographical standards of its authors, that is
to say with its own abbreviations, conventions, and structure. Also, while the structure
of dictionaries is designed to provide quick access to desired information, there is no
consensus with régards to the most cognitively efficient or accessible way to represent
this information, since this differs depending on the dictionary user’s existing knowl-
edge and skills (Bergenholtz and Gouws, 2010).

No matter the reason for calling upon the dictionary, certain steps must be followed in
order to successfully obtain the information sought, and following these steps requires
knowledge both in terms of the structure of the dictionary itself as well as the linguistic
concepts that underlie it. For this reason, the consultation of a dictionary can often
be unsuccessful due to problems linked to a misunderstanding or misinterpretation of
the information encountered within, which researchers attribute to a lack of skills or
knowledge on the part of users (we will discuss this in Section 2.1.4). Finally, one of the

Zhttps://www.w3.0org/OWL/
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great challenges of training dictionary users is to minimize the error rate of consultation
and to help users acquire more knowledge regarding the way in which they can be used,
which we will diseuss in Section 2.1.5.

2.1.2.1 = Electronic Dictionaries

The term “electronic dictionary” (or ED) can be used to describe various types of ref-
erence works stored electronically that provide infermation on the spelling, meaning
or use of words (Nesi, 1999). In recent decades, w1th the advent of 1nformat10n and
communication technologles (ICTs), the appearance ‘of dictionaries has changed radi-
cally: instead of having to use an imposing volume with several hundreds of pages, a
user can now access the same information with a click of their mouse. However, what
is new in thlS type of tool is not so much the information that it contains, but rather
its information retrieval system (Nesi, 2000a) To address the major advantage of EDs,

~ we must therefore address the search techniques that they allow their users to exploit:

for instanee, -with their arrival, usage of the traditional alphabetlcal order historically
used in paper dictionaries for centuries has become obsolete, making the alphabetical
search skills become less relevant, replaced by more complex digital search skills (Lew

2013a,b): we will go into more details regardmg this in Section 2 1.3.3.

The other major upheaval brought forth by EDs is their novel Vway of organizing infor-
mation. While paper dictionaries organize the information in a mostly linear manner
(with printed cross-reference links between entries), electronic dictionaries are able to
represent the relatlonshlps between a multltude of words in 4 more complex way using
hyperlinks, which enables users to nav1gate more easﬂy between entries and meanings -
of words. However, once again, these new opportunities come with an added cognitive
load: it is not always easy to follow a series of hyperlinks, which can lead the user
astray of their initial input, without a way to find their way back. Navigating and lo-
cating oneself in a digital space is also a specific competence to develop, according to
Lew (2013b), and it is not always straightforward. In Section 2.1.3.3, we will address
in more detail the manner in which dictionary skills and strategies have evolved with
the advent of EDs; in the folloWing paragraphs, we will limit ourselves to comparing
paper and electronic dictionaries, their differences and their features.
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Many studies have been carried out to compare the effect of the dictionary medium (pa-
per vs. digital) on dictionary consultation and overall usages (Dziemianko, 2010, 2012;
Miiller-Spitzer et al., 2012). Noted advantages of electronic dictionaries include the
_incorporation of multimedia within dictionary entries (for instance, to hear new words
being pronounced) and interconnectivity with other software, such as word processing
programs, which enables users to navigate more smoothly with documents that they are
typing on their computer (Lew and De Schryver, .2014). Nevertheless, there is still no
consensus as to whether digital dictionaries help comprehension and promote learning.

In a 2003 article, de Schryver carried out a ‘pro and con’ comparison of paper and elec-
tronic dictionaries, comparing the affordances and opportunities that each one offers.
The first part of this comparison lists paper dictionaries’ “unbeatable” functions, such
as having a palpable symbolic value, ease of browsing, and less stress to the eyes, as
well as allowing users to physically annotate or underline specific information in the
dictionary and not needing a computer or ‘other/ piece of technology to be used, are a
crucial aspect of their appeal in the developing world (de Schryver, 2003, p. 152). A
second part lists those functions which paper and electronic dictionaries have in equal,'
or comparable, measure : their portability and speed of access, for instance, as well as
their price. ‘As for the features which are more present in EDs, de Schryver lists their .
novelty (which leads to an increased motivation for consultation), their powerful search
functions, their interactivity, and non-linearity, allowing for a more multi-dimensional
representation of words and their relations with one another. He also remarks the fact
that online dictionaries are integrated with other information sources, like encyclope-
dias or search portals, which enables users to navigate between several sources to seek
out the information needed, and the fact that they are always up-to-date with regards to
new words or expressions that appear.

In conclusion, while EDs certainly have the advantage of novelty, they have yet to prove-
themselves more useful than paper dictionaries for simple consultation or language
learning tasks. However, their powerful search functions can be very useful for those
who have the skills to use them. We will go into more detail regarding these digital
skills in Section 2.1.3.3.
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2.12.2 Dictionaries of the Future

A fair part of de Schryver’s 2003 article is dedicated to lexicographer’s “dreams”, i.e.
thingé that have been dreamt up in terms of dictionary evolution, but that have yet to be
created. One such dream is a “personal virt_uél dictionary’, previously brought forth by
Atkins (1996; 1998) and which, in fact, represents the direction of evolution of dictio-
naries today. Atkins’ dream dictionary is dynamic, i.e. “created for a specific purpose
and for a limited period of time” (Atkins, 1998, p. 647) and computed, i.e. cémpiled
automatically from an existing database. This dictionary dream is closer and closer to
becoming a reality,r since with the Semantic Web and linguistic resources that it con-
tains (for example, WordNet and FrameNet) and with a certain level of NLP of a given
Web site or text, it is now possible to generate a ‘personal virtual dictionary’ for a user,
taking into._aécount their search and browsing history, profile, language level and other
characteristics (Kageura and Abekawa, 2009; Rﬂoff, 1996). We believe that this par-
ticular dream is soon to become a reality given the evolution of dictionaries -in recent
years. This was certainly the case with other dictionary features that were put forward
as ‘dreams’ in the 1980s and 1990s, such as representing non-static images and videos
in dictibnar‘ies, adding audio pronunciations of words in their entries, and using corporé
directly from the Web to contribute to dictionary entries, which have long since become
a reality of today’s dictionaries.

The final section of de Scryver’s article is dedicated to ‘Dictionaries of the Third Mil-
lennium’, where he reflects on the realization of the dreams he cited previously, tools .
such as pop-up EDs, which are integrated directly into an Internet browser and provide
the definition or translation of the selected word, as well as hypermedia systems, which
permit the user to seamlessly navigate multiple sources of information to gather com-
plementary information regarding a subject, or adaptive EDs, which take into account
certain characteristics of the user in order to provide them with a customized offer: one
example of such technology is ALEXIA, a prototype of an adaptive electronic dictio-
nary, which we will describe in Section 2.1.5.3.1.

Since more than 13 years have passed since the writing of de Scryver’s article, we can
add that the evolution of EDs has followed the trends that he noted, with major progress
being made in terms of dictionary interactivity, of linkedness with information sources
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from the Web, and of the integration of multimedia content directly into dictionary en-
tries. However, just as in 2003, EDs remain similar to their paper counterparts in terms
of their price and accessibility, and they still requiréa Web connection or at least a
computer or a smartphone to function. Furthermore, apart from the few projects cited
by de Schryver, several of which we will describe in the followihg sections, no notable
progress has been made in terms of making those ;personal virtual dictionaries” imag-
ined by Atkins. Whereas most EDs enable users to make notes regarding a word, or
even to ‘star’ it and add it to their favorites, we have yet to reach a level of personaliza-
tion that was the Subjéct of lexicographers’ dreams in previous decades. Nonetheless,
some notable efforts have been made, and the evoluﬁon of EDs is definitely towards a
more enhanced personalization. ' ‘

2.1.2.3 Dictionary Design in the Digital Age

As Robert Lew so justly remarked, “The use ofdictionc_zries is a two-way game, and the
" players are: the diciionary itself. and the dictionary user. The game proceeds smoothly
only if both péiform well” (Lew, 2013a, p. 1). This means that we must address both
the skills a user needs to efficiently find the information that they seek in a dictionary
as well as how dictionary design impacts their use. For instance, the lack of standard-
ization in dictionary design strongly contributes to the difficulties that people encounter
in using. Thus, even for a user who is familiar with all of the information contained
in dictionaries in general and who has adequate theoretical knowledge, they still need
to become familiar with the abbreviations and terminology of the particular dictionary
they are using, which can cause users to be reluctant to change dictionaries or to look
elsewhere for information they did not originally find (Nesi and Haill, 2002). This also
applies to language learners, who will consult only familiar dictionaries, and teachers,
who will teach only familiar dictionaries, limiting the evolution and modernization of
these tools (Nesi, 2000b). ‘

To further add to the variety of dictionaries that exist, the task of lexicographers (i.e.
dictionary specialists) has changed significantly in the last decades. While 40 years
ago, the compilation of a dictionary entry depended mainly on introspection and on
discussion between lexicographers and native speakers, modern lexicography is based
predominantly on language corpora, huge quantities of texts that are analyzed to indi-
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cate which expressions, meanings and usages are most common in a language (Atkins,
2003). This has a direct effect on the design of EDs, since they integrate more and
more quantitative data regarding a language. These kinds of dictionaries are descrip-
tive rather than prescriptive—they describe the language instead of advocating certain
uses. They are also more dynamic, since new texts that appear can result in a niajor.
shift in an entry for a word, integrating new usages or fembving ones that are no longer
applicable. However, this also means that lexicographers spend much more time doing
quantitative analysis and that the resulting dictionafy eritries are much more oriented
towards representing these figures to users (e.g. Antidote’s histogram bars that indi-
cate the strength of usage of collocations) and may often present more information than
what users know how to interpret. '

Another issue, one that is becoming increasingly problematic in the field of lexicogra-
phy, is the fact that there is increasingly no single “prototypical” dictionary user, But
a variety of different users, with diverse cultural and linguistic backgrounds that affect
their knowledge and abilities (Abecassis, 2007). Simply in terms of linguistic knowl-
edge, for any given monolingual dictionary, there are various types of users: native
speakers, non-native speakers, language learners of different nationalities, etc., which
all have different requirements and expectations with regards to the dictionary (Tono,
2011, p. 114). While we are not yet at the point when dictionaries can fully adapt to
their user, the dominant trend seems to be this kind of personalization, which currently
“exists in the form of personal dictionaries, which users can compile based on their fre-
quent searches, and a certain degree of user control with regards to what sections or
information are displayed in the entries (de Schryver, 2003). Furthermore, recent dic-
tionary user research has also addressed how to make dictionaries more appropriate
for their users, for instance by adding words that were initially missing from the dictio-
nary (De Schryver and Joffe, 2004) and making dictionary design more user-friendly, in
an attempt to attract new users and to retain existing users, who now have more dictio-
naries to choose from, including many free ones on the Internet (Lew and Doroszewska,
2009).

In recent years, researchers have even proposed the concept of ‘Simultaneous Feed-
back’ (De Schryver and Prinsloo, 2000), which would permit users to have direct influ-
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ence of the presentation of lexicographic data by participating in the dictionary design
and improvement process. While this is still a relatively new topic of research, the
mere idea that users can directly influence dictionary design is a very promising path.
Increasingly, lexicographers have come together in order to design the ‘dictionaries of
tomorrow’, proposing features such as those that we presented in Section 2.1.2.2, or
others such as direct access to databases of terms with semantically relevant navigation
paths (Atkins, 1998),_ additional tools and guidance regarding usage, syntactic features
and collocates (Humblé, 2001), and access to a vast diversity of references from the
World Wide Web such as encyclopedias and thesauri (Abecassis, 2007). However, in
order to better design these dictionaries to correspond to the needs of their users, addi-
tional studies must be carried out regarding the users that consult them. We will present
some of these studies in the following section.

2.1.3 Studies of Dictionary Use

As with any complex behavior requiring the involvement of different types of men-
tal processes and skills, the use of the dictionary has been extensively studied from a
cognitive point of view. In fact, finding relevant information within a dictionary en-
tails a complex mental process requiring the activation of various types of knowledge
and skills, as much regarding the language itself as regarding dictionary codes and -
structure (Tarp, 2007; Olivera and Tarp, 2011). For instance, Nesi (Nesi, 1999) talks
about the knowledge a user must possess to decide whether dictionary use is neces-
sary or to adopt other strategies, such as guessing from context. Other authors, such
as Scholfield (1982) and Bogaards (1996), discuss the importance of knowledge of the
grammatical rules of a language and the awareness of a dictionary’s structure and lay-
out, while others yet emphasize the role of socio-cultural context in understanding the
information found (Lew and Galas, 2008). |

With the advent of electronic dictionaries, many authors have addressed the difference
between skills that are only necessary for print dictionaries (such as using alphabeti-
cal order to find the word in the dictionary) and those that are still applicable with e-
dictionaries (such as finding the correct meaning of a polysemous word) (Lew, 2013b).
We will address the many studies that have endeavored to describe the dictionary con-
sultation process in the present section, both those that aim to represent the skills needed
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to consult a dictionary as well as those that focus on the steps that dictionary users must
follow in order to successfully and efficiently find the information that they are looking
for.

In a recent article, Nesi (2014) produced a meta-review of 35 studies on the use of
dictionaries carried out from the 1970s until today. She found that most empirical
studies on dictionaries used questionnaires and user interviews in order to investigate
what skills users mobilize during the consultation process. For instance, Bishop (1998)

carried out a comparative questionnaire survey of the use of bilingUal dictionaries by -

pupils, whereas Hartmann (1999a) aimed to reveal a standard profile of university dic-

tionary users by collecting data with questionnaires and a survey. Nesi calls for a more
‘implicit, in-context” dictionary studies, citing her own work as an example. For in-
stance, Nesi and Haill (2002), looked into the diétionary' using habits of university
students by noting the strategies that they used and the difficulties that they encoun-
tered. The general observation was that recent dictionary user research tends to address
the process of dictionary consultation instead of dictionaries as by-products, and that
these kinds of studies are useful because they shed light on the cognitive side of the
consultation process, but that more empirical research is needed. ' |

However, while there are, in fact, many studies that have aimed to define users’ dic-
tionary skills, it can be observed that researchers’ 'ﬁndings in terms of dictionary usage
are not systematic and often contradictory: for example, Lew (2010) states that users
often use meta-lexical information that appears in dictionaries, whereas Tono (2011)
points out that users consult only the information contained in the entries themselves,
and often do not read all of the entry to find the information they seek. These two
studies, among others, provide opposite results. In fact, the conclusion of many studies
that we have read while carrying out our literature review, was that more empirical ex-
periments were needed in order to better represent the dictionary consultation process.
We agree with this statement, and believe that not enough is known regarding:the be-
havior of dictionary users, especially using reliable tools for recording users’ behavior,
such as eye-tracking. In the present section, we will carry out a brief overview of the
studies carried out in terms of dictionary consultation, presenting the key findings in
each subsection. In our research project, we aim to push these studies further to better



23

comprehend the dictionary consultation process and the skills and knowledge that it
solicits. ‘

 2.13.1 Scholfield’s Dictionary Consultation Skills (1982)

Among the first works that addressed dictionary use in an analytical and in-depth man-
ner was that of Scholfield (1982). After having studied different users’ consultation
of the dictionary, he proposed a series of seven steps of dictionary consultation that
are systematically followedvby users in a written comprehension context (i.e. to find
the meaning of an unknown word encountered in a written text). The seven steps of -
consultation proposéd by Scholfield are:

1. Identifying the unknown words or phrases in a text;

2. Finding the canonical form if the word is i.nﬂecte'd:;

3. Finding the unknown word in the dictionary By employing alphabetical order;
4. Searching for compound words or idioms by identifying theif main element;
5. Reducing multiple fneanings of a polysemous word By elimination;

6. Understanding the definition of a word by integrating it in the context where it
was employed; '

7. If the desired meaning of the unknown word Was not found in the dictionary,
inferring the appropriate meaning based on those provided in the entry.

Scholfield insists that consultation of the dictionary is a complex and non-unitary pro-
cess, requiring not only “a considerable amount of prior knowledge [...] from the
learner/user not only of a pragmatic, commonsense nature, but also involving certain
rules of English and dictionary conventions” and that “looking a word up in a dic-
tionary requires that certain skills be applied in a systematic way; it requires a strat-
egy” (Scholfield, 1982, p. 185). This is an important observation because, prior to
Scholfield, dictionary consultation was seen as a mechanical, last-resort activity that
did not need to be taught or, in fact, learned. Therefore, this article can be seen as the
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founding work of the arialytical tradition of dictionary consultation, laying the ground-
work for hundreds of subsequent studies.

However, although these steps cover the sequence of consultation of a dictionary, we
believe that they are not sufficiently detailed to represent the enfirefy of the consultation
process. As a matter of fact, the sub-steps involved in each step (e.g. finding the head
word in an entry, or locating an idiom within an entry) are not specified, neither are the
skills and knowledge that the user must possess in order to successfully complete each _
one. These elements are in our opinion, necessary in order to constitute a systematic
study of the drctronary consultation process. Furthermore Scholfield fails to address
alternative steps that users can follow, such as making a hypothesis regarding the mean-
ing of a word before searching for it in the dictionary, which deviate from the steps that
he lists. Despite thié, Scholfield’s study is innovative in its view of the dictionary con-
sultation process as more than ‘juSt’ a search for the meaning of an unknown word; but
as a complex cognitive process with rules and steps. Finally, Scholfield inspired many
authors, including oﬁrselves, to dig deeper in order to thoroughly model the process of
dictionary consultation; in our case, his 7 steps were the basis of the first version of our
dictionary skill and knewledge framework, which we will present in Section 4.2. '

2.1.3.2 Nesi’s Speciﬁeation of Dictionary Reference Skills (1999)

One of the few extensive repositories of the skills required for dictionary consultation
was compiled by Nesi (1999) and consists of a complete taxonomy of 40 dlct1onary
skﬂls presented according to the 6 steps of dlctlonary use. This study was a pioneering
effort in representing the dictionary consultation process holistically and inspired many
subsequent researchers. '

The steps and skills identified by Nesi are the following:

1. Before study: Knowing what types of dictionary exist, and what kinds of infor-
mation they contain, compared to other reference tools;

2. Before dictionary consultation : Deciding whether consultation is necessary,
choosing the word and word form to look up, its word class, and guessing the
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meaning of the word based on context;

3. Locating entry information : Understanding the structure and order of the dictio-
nary, choosing among homonyms, finding derived forms and multi-word units,
understanding the cross-referencing system in the dictionary;

4. Interpreting entry information: Distinguishing the component parts of the entry
and relevant information, finding information on the spelling, etymology, mor-
phology, syntax and pronunciation of a word, interpreting the definition, infor-
mation about collocations, idioms, and figurative use, deriving information from

examples, and verifying and applying the information found;

5. Recording entry information: analyzing and complhng the information, record-

ing it in a notebook or file;

6. Understanding lexzcographzcal issues : Knowing what dictionaries are for, how
they are compiled, the terminology used; recognizing different defining styles,

comparing entries and criticizing and evaluating dictionaries.

This study is paramount because it aims to be an extensive list of “all the skills that a
university-level language student might need in order to use dictionaries effectively” (Nesi,
1999, p. 53), grouped chronologically according to the steps followed in dictionary
consultation. Nesi cites different types of skills - not only practical skills such as ‘un-
derstanding the cross-referencing system in the dictionary’, which depends on the type
of dic_tionary consulted, but also much more theoretical linguistic skills such as ‘[decid-
ing] which form of the word to look up and its word class’, and even meta-skills such
as ‘knowing what dictionaries are for’. This was a great inspiration for us to create our
own framework of skills, which were clearly divided into types (see Section 4.2), as
well as for our Think Aloud study (see Section 4.3), in which we studied and analyzed
the steps followed during dictionary consultation.

However, Nesi did not explicitly label these different categories of skills, which is
important to represent the different aspects (fundamental and applied) of dictionary
consultation. Nonetheless, she did make the link between skills and steps, which is
also important because the chronological and temporal mobilization of skills plays an
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important role in representing the consultation process as well. Furthermore, Nesi ac-
companied this study with a questionnaire and discussions with a variety of informants,
- from lecturers to researchers in linguistics and languages in Great Britain. The results of
this survey were that the informants found that university-level students not only lacked
dictionary skills, but also that dictionary training is almost non-éxistent and considered
boring by the lecturers themselves. In fact, the only positive responses regarding dictio-
nary training that she received was with regards to electronic dictionaries, which were
considered more interactive and enjoyable.

It is important to highlight the importance of this in-depth descriptionb of the dictionary
consultation process, including an extensive list of all the steps involved in the pro-
cess. This description is the first exhaustive one of its kind, and inspired other authors
to approach the process from the same perspective, including ourselves, who based
ourselves on Nesi’s study in order to create our own framework. .Furthermore, more
recently, Robert Lew took up Nesi’s study and made an updated version of it in order
to reflect the changes brought forth by electronic dictionaries in the skills and steps re-
quired for successful dictionary consultation. Together, these two studies are the most
complete representations of dictionary skills to date. '

2.13.3 Lew’s Updated Specification of Dictionary Reference Skills and Steps (2013)

With the advent of digital media, and notably with the appearance of electronic dic-
tionaries, there has been a significant change in the process of dictionary consultation.
While some of the skills used in the consultation of a paper dictionary-are still solicited,
others must be modified to account for the new environment and its affordances, while
other skills are no longer useful at all, Furthermore, often completely new skills must
be acquired in order to successfully exploit the new tools to their full capacity.

Nesi’s innovative study, which we described above, was revisited by Lew (2013b) in
order to identify the skills that have changed and those which have remained relevant
with the advent of electronic dictionaries. Among the 1atter, he cites a subset of step (4),
that is, the interpretation of information from an entry, and skills such as: interpreting
etymological information; interpreting morphological and syntactic information; inter-
preting the definition or translation; interpreting information on idiomatic or figurative
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uses, etc., which, according to Lew, involve a general cognitive treatment, which re-
mains central to the process of dictionary consultation even with the advent of EDs.

On the other hand, among skills that are no longer relevant, Lew cites knowledge of
alphabetical order and searching for the correct base word for a multi-word expression,
since the cognitive load for these skills is now handled by the electronic dictionary it-
self, which has a direct search function and will often permit searching for the whole
multi-word expression. Therefore, previous studies of dictionary skills must now be
updated to reflect the change brought forth by electronic dictionaries.

Lew also notes that some skills, such as “knowing what types of dictionary exist” and
“deciding which dictionary is most likely to satisfy the purpbse of the consultation” are
- getting more and more difficult to master given the fast evolution of sources of infor-
mation in the modern déy and age, and the complexity of knowing whether a source
of information on the Internet is trustworthy or not. In fact, this complexification of
dictionary skills is a recurrent theme in Lew’s article, and applies to skills such as “un-
derstanding the structure of the dictionary” and “distinguishing the component parts of
the entry”, both of which are made much more complicated by the presence of hyper-
links and lack of a visible structure in an electronic dictionary. ‘

- Furthermore, Lew highlights the appearance of a skill that consists of “[deciding] be-
forehand which of the approaches will be optimal for a specific information need” (Lew,
2013b, p. 23). This reflects the evolution of the skills required to consult the dictionary,
which, already complex with paper dictionaries, have become more complex with the
arrival of EDs and other Internet tools such as Wikipedia, Google, discussion forums,
etc. which may also provide the user with the information that they are seeking, and
more. Lew insists that these search functions are not unique to electronic dictionaries,
but are a subset of larger list of digital skills, reflecting digital literacy and informa-
tion literacy in general (Bawden, 2008; Lankshear and Knobel, 2008). However, even
these more generally applicable skills are seldom fully mastered by Web users (Markey,
2007), so it is difficult to expect the same users to master the skills in the context of
electronic dictionary consultation.
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In the second part of his article, Lew lists a set of search strategies that replace the
simple alphabetical search of paper dictionaries, and thus also correspond to skills that
need to be mastered by users of electronic dictionaries. These skills include the abil-_
ity to use an incremental search (which allows to find a word based on only a few
letters), and the fuzzy search (which allows to recognize a miSsPellcd word based on
the graphic or phonetic approximations), among others. For each type of search, the
user has to master one (or more) extra skill(s), which is not easy since these are not

skills taught systematically in the classroom (Lew, 2013a). The types-of search strate-
| gies and filters available also depend on the type of dictionafy consulted, since some
electronic dictionaries even offer much more advanced strategies, like search by rhyme
or by suffix, whereas others are able to recognize even an expression that is incorrect
or partially correct. This is therefore a whole new subset of skills that modern dic-
tionary users must master wifhoht formal training, skills that did not exist when they
were at school themselves. This reflects one of the main problematics of our thesis:
users who are expected to master a set of skills and concepts without having covered
-them in their training, ampliﬁed by the fast-paced evolution of technology around them.

The three works cited iﬂ the current section, those of Scholfield, Nesi and Lew, are the
only studies that we have encountered that consciously address the extensive descrip-

tion of dictionary skills and steps; other studies in the literature focus more on factors
 that influence dictionary consultation, or its role in Vocabuléry acquisition. Therefore,
these three studies, and most of all Nesi’s and Lew’s exhaustive lists, are the works
that had the most influence on our own research pI'OJCCt most. Finally, it is interesting
to note that the conclusion of each of the, .authors was the same: the need to exp11c1t1y
teach the skills and procedures that they described in their research. This is a need that
we will address in Section 2.1.5. However, we will first describe the errors that dic-
tionary users often make, their cognitive reasons, and the impact that they have on the
consultation process.

2.14 Cognitive Problems Linked to Dictionary Consultation

Even if a learner chooses to consult a dictionary, it is not always guaranteed that they
will be able to find the answer to their query. It is difficult to quantify the percent-
age of dictionary consultations that are unsuccessful (or result in an irrelevant answer)
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because their rate can vary greatly depending on the context: the type of text, the cir-
cumstances, the language level of the user, etc. Numbers found experimentally are
variable: Nesi and Haill found a error rate of 16.4 % of errors for advanced learn-
ers of English (2002), while Wingate, studying the consultation of different types of
dictionaries, found an error rate between 21 and 55 % for advanced learners of Ger-
man (2004). To our knowledge, no study has been made on the consultation errors for
native speakers, nor regarding the lacking skills or knowledgé that cause these consul-
tation errors. These are two themes that we will address in our own research project,
notably in our Think Aloud study (Section 4.3). However, the current section describes
the existing research that has addressed dictionary consultation problems and proposed
explanations for these problems, work that has already established a solid foundation

for a research project such as ours.

'2.1.4.1 Nesi and Haill (2002) -

A séminal study on dictionary conéultation errors was conducted by Nesi and Haill (2002).
- They studied monolingual paper dictionary experiences of 89 non-native English-speaker
university-level students over a three-year period, with a total of 390 dictionary consul-
tations studied. They identified five categories of major problems that their subjects
~ encountered during their consultations : (1) choosing the wrong dictionary entry or
sub-entry, (2) misinterpreting the information contained in an entry, (3) not being able
to identify the usage of a figurative meaning of a word, (4) not being able to identify
the correct entry given the context of the phrase, and (5) not finding the word in any of
the dictionaries consulted (see table 2.1).

Nesi and Haill concluded that errors from the first category (Choosing the wrong dic-
tionary entry), and thus the largest proportion of user erfors, were made due to a lack
of users’ dictionary skills. But looking at other categories of errors, such as categories
3 (not realizing that the word had a figurative meaning), 4 (rejecting an entry as inap-
propriate given the context) and 5 (not finding the information in the dictionary), can
also be attributed to a lack of skills. For instance, in the case of category 3, the lacking
skill involves taking context into account when interpreting a dictionary entry; for the
4th category, it would suffice to be able to infer a meaning based on the context of the
sentence, and for category 35, it is a question of choosing the right dictionary in order to
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Table 2.1: Cognitive Reasons Behind Dictionary Consultation Errors, Adapted from
Nesi & Haill (2002)

Look Up Problems T %of Reason proposed by Nesi and Haill

- ‘Errors (2002)
The subject chose the wrong 52 % * The subject was unable to identify the
dictionary entry or sub-entry category of the word,
* The subject was unable to choose the
correct definition of a polysemous word,
* The subject chose the wrong form of the
_ ‘ word 7
The subject chose the correct 17 % * The subject only read enough of the
dictionary entry or sub-entry but entry to confirm a preconceived idea,
- misinterpreted the information it * The subject deviated from the dictionary
contained - information s
The subject chose the correct 11 % * The subject failed to adjust general
dictionary entry or sub-entry, but : -~ definitions to context
did not realize that the word had a '
different (figurative) meaning in
context
The subject found the correct 8 % - * The subject employed an incorrect
dictionary entry or sub-entry, but |~ guessing strategy which did not include
rejected it as inappropriate in . sufficient consideration of context
: context
The word or appropriate word 12 % None
meaning was not in any of the
dictionaries the subject consulted

find the relevant word. We will return to the skills related to the use of the dictionary in
 Section 4.2 but we nonetheless consider that these four categories of errors (1,.3, 4 and
5) could have been reduced or avoided if the participants had mastered the necessary
skills to find the information that they were seeking in the dictionary.

Furthermore, while Nesi and Haill’s study is a very in-depth observation of the causes
and consequences of dictionary consultation errors, the fact that their subjects were
not native speakers of English limits the generality of their results, because some (or
many) of the errors could have been due to the subject’s linguistic misunderstanding
of the information that they encountered, or due to the fact that they did not have the
necessary vocabulary to interpret the answer. Therefore, even though we have taken
into account their results in our own research project, and find their error typology to
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be genuinely innovative and inspiring, we also believe that a similar study done with
native speakers would have yielded different results, which would be more pertinent in
the context of our own study.

2.14.2 Wingate (2004)

While Wingate’s study (2004) was carried out with a more limited subject sample (17
non-native speakers of German), its results are interesting because thcy concretely tar-
get the link between consultation errors and subjects’ consultation strategies, resulting
in more in-depth results and because she 100ks at the impact of part of speech and pol-
ysemy on dictionary consultation success. In terms of error rate, Wingate found that
only 18.5% of compound noun consultations were successful, and 10% of idiomatic
- phrases and past participle consultations yielded the answer sought. Even for simple
word forms, the figure rose only to 77% for monosemic words, and 44% for polysemic
words. Overall, the percentage of unsuccessful searches was more than 38%, which is
very high. Furthermore, accordlng to Wingate, subjects’ consultatlon problems came
from 3 sources: their inability (a) to find the right word in the dictionary; (b) to identify
the correct definition of polysemous words; and (c) to correctly interpret the definition
found. Finally, the author identified 3 linguistic elements that Were particularly diffi-
cult for dictionary users: compound names, idiomatic expressions, and the root term
of past participles. This was due to the complexity of these words, and often the non-
correspondence of the forms with subjects’ native languages: for instance, German is
“known for having a high quantity of compound names, which are often hard to interpret
' for non-native speakers.

Wingate’s conclusion was that “subjects lack basic strategies that are crucial for suc-
cessful dictionary consultation” (Wingate, 2004, p. 10), meaning that they were rarely
successful in finding the answer they sought, and that their behavior was systemati-
cally erroneous, for instance in reading only the beginning of each entry and ignoring
subsequent definitions, resulting in them finding an incomplete answer to their query.
She also insists on the importénce of a systematic instruction in dictionary use, both
in terms of dictionary-specific strategies, language-specific strategies, and meaning-
specific strategies, stating that “learners do not just know the necessary strategies by

themselves, but need instruction and repeated practice to acquire them”. Wingate’s
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statement is fully coherent with the hypotheses and objectives of our own research
project, even though we approach the subject more from the perspective of dictionary
skills, rather than dictionary strategies, but we consider the two to be complementary.

We shall return to the importance of teaching dictionary consultation skills in the next
section, but we consider it important to dwell on the fact that in both studies cited
- above, which are the only studies that we have found that study dictionary consultation
“errors directly, the errors that subjects made were not mainly due to linguistic but meta-
linguistic barriers, meaning that it was not because of their poor knowledge of English,
but due to more general, language—independent' skills such as identifying polysemy.
This was compounded with poor knowledge of how dictionaries work and the steps that
must be followed in using them, resulting in high error rates. This is encouraging for our
- own project, since one of the functions of pur ITS is to guide its users to overcome these
hﬁcta—linguistic barriers by equipping them with the knowledge and skills necessary to
* do so. This involves analyzing the user’s cognitive processes and attempting to remedy
erroneous approaches through adaptive and targeted activities, which is the aim of STI-
DICO with regards to dictionary cohsultation. Furthermore, both of the authors cited
in this section have emphasized the need to teach dictionary skills in the classroom,
something that we strongly agree with and will discuss in the following section.

2.15 Teaching Dictionary Use

As we have stated in the previous sections, studies have systematically shown that con-
sulting a dictionary is a complex process, drawing on a rich set of knowledge and skills,
and often resulting in errors and failures due to users’ lack of skills. A major pélrt of -
teaching dictionary use therefore consists of teaching the concepts that underlie it. This
pertains to the field of lexical didactics, which is the study of the process of teaching
and learning vocabulary, and therefore the development of learners’ lexical skills. But
apart from the unitary vocabulary terms that learners acquire, there are also the fun-
damental notions which underlie these terms and structure their lexical knowledge — -
notions such as polysemy, semantic derivation, collocation, idiom, etc. The learning of
a new word is therefore seen not as an isolated phenomenon, but as a modification and
integration of a new item into an existing set of notions and their relations.
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Many researchers, including ourselves, consider that the starting point for effective
teaching of these skills should be raising the awareness of learners regarding the lexi-
cal concepts that make it possible to understand, describe and analyze language. Thus,
instead of insisting on straightforward practical exercises involving dictionary consul-
tation, an effort must be made to integrate the theoretical concepts such as the ones
cited above, which underlie dictionary consultation tasks. For instance, a task involv-
ing choosing the correct meaning of a word that has several definitions within the same
dictionary entry should call upon the concept of polysemy and its different instances,
with examples of polysemous words provided in context. This would anchor the tasks
with more fundamental concepts and ensure the transferability of the knowledge ac-
quired (Frankenberg-Garcia, 2005). "

In order to overcome the lack of dictionary skills observed among users, a widespread
opinion among authors of the domain is the need to teach these skills explicitly (Atkins
and Varantola, 1997; Nesi, 1999; Lew and Galas, 2008; Frankenberg-Garcia, 2011;
Lew, 2013a). Although there are existing workbooks that offer training exercises to
learn how to use particular dictionaries (e.g. Stark (1990)), these workbooks do not of-
fer exercises to develop the meta-linguistic skills which underlie the consultation pro-
cess. In our research project, we emphasize the importance of learning this knowledge
and these skills, not only to exploit dictionaries effectively, but also to improve users’
reading and writing skills (Carstens, 1995; Bishop, 2000; Beech, 2004). In the current
section, we will describe initiatives and studies that have targeted the teaching of dictio-
nary skills, their approaches and, when available, the empirical results of their studies
regarding the impact of teaching dictionary skills. . |

2.1.5.1 The Benefits of Teaching Dictionary Skills

Despite the relative scarcity of systematic teaching of dictionary skills, several empiri-
cal studies have been carried out to measure the impact of the latter on student learning
and performance. These studies have systematically shown the positive effect of teach-
ing on the subsequent success of learners’ dictionary use. For example, in a study
involving the use of an exercise book on the development of dictionary use proficiency
of high school students in the United States found that explicit teaching of dictionary
use helped students exploit the dictionaries more effectively (Kipfer, 1987). In a com-
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parable study a few decades later, Bishop (2001) found that French learners showed an
improvement of 13% in accuracy and 10% in the quality of dictionary use following
: instruction regarding dictionary use, including targeted tasks. We believe that these fig-
ures can be further improved by the usage of an interactive, personalized tool such as
an ITS. '

Furthermore, there has also been a multitude of studies regarding the effectiveness
of dictibnary training in improving learners’ dictionary awareness: for example, Car-
duner (2003) found that explicit teaching regarding ways to use the dictionary for dif-
ferent types of linguistic tasks resulted in students’ heightened awareness and appre-
ciation of various dictionary elements and sections. Chi (1998) tested 67 English lan-
‘guage learners who attended an explicit teaching module regarding dictionary usage,
and found that students had never had similar training before and, desplte expressmg
their frequent usage and high regard for dictionaries, that participants found the pro-
vided dictionary training useful. More recently, a study by Koyama (2013) showed
that, following 12 weeks of explicit dictionary training, students had improved their
reference skills and acquired important dictioﬁary usage strategies which contributed
to a significant improvement in their reading skills. Similar results were found by Lew
and Galas (2008), who found that their subjects stated being confident in their knowl-
edge of the dictionary, despite performmg poorly on dictionary consultation tasks ‘and
improved significantly following a tra1n1ng program

The above-mentioned studies, among others, have led researchers and lexicographers
to propose the integration of dictionary skill mstructlons in language courses destined
for both language learners and native speakers (Carduner, 2003; Chi et al., 2013). It
should be noted that several studies have shown that the majority of university-level
students had never been taught to develop their dictionary skills, despite the proven
usefulness of this kind of instruction (Lew and Galas, 2008; Olivera and Tarp, 2011).
This demonstrates a notable demand for targeted teaching regarding dictivonrary use in
order to meet the needs of students and to enable them to develop the skills necessary
to exploit this tool effectively.

In conclusion, all the authors cited above who have studied the effect of dictionary



35

training found that not only does the explicit teaching of dictionary skills, steps and
strategies improve students’ performance in dictionary tasks, as well as their overall
confidence regarding their own performance, but also that the students themselves sys-
tematically expressed their interest in acquiring these skills, and were very satisfied
when they were given this opportunity. This gives legitimacy to our research project,
since we aim to precisely target dictionary skills in our ITS. However, instead of tar-
geting the students themselves, we target their teachers, since for us this is a more
efficient way of addressing the issue because a single trained teacher can transfer their
knowledge to several generations of students and, in fact, for students to learn impor-
tant skills in the classroom, their teachers must have previously acquired these skills.
We will describe existing studies regarding teachers’ dictionary use and knowledge in

the following section.

2.1.5.2. Teachers and Dictionary Use

In the literature, studies have shown that teachers have a rather naive mental represen-
tation of the dictionary and its uses, that they do not seem to have a Very thorough
knowledge of the wealth of information present in dictionaries, and that they are of-
ten unfamiliar with the particularities of the different types of dictionaries (Neubach
and Cohen, 1988; Tremblay, 2009; Anéti],' 2011). Furthermore, it has been shown that
teachers rarely explain to their students how to search in the dictionary and foér lim-
ited activities related to the dictionary in the élassroom (McCreary and Dolezal, 1999;
Atkins and Knowles, 1990; Nesi, 1999). |

Despite this gap, several papers have highlighted the potential usefulness of dictionary-
oriented teacher training (Hadebe, 2004; Nesi, 1999; Lew and Galas, 2008), with au-
thors saying that “It is [...] essential that dictionary-using skills be [..] incorporated
into teacher training programs.” (Carstens, 1995, p. 13) and that “Teachers will need
training to discern the innovative features found in current dictionaries in order to
teach students how to use them to assist learning”(Chi, 1998, p. 15). However, to our
knowledge, there are no studies that were carried out to assess the effectiveness of this
training in terms of subsequent teacher performance in using the dictionary, as well as
the extent to which teachers foster the knowledge acquired to their students. It is in our
future plans to carry out such a study in a continuation of our research project, assessing
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the impact of STI-DICO on teachers and their students.

In the only existing initiative to develop a training program which incorporates practical
dictionary consultation and the skills and concépts that it mobilizes, Trenii:;lay (2009)'-
developed a course module targeting the acquisition of metalexical knowledge by French
teachers, both in terms of theoretical concepts as well as specifically for dictionary
usage. The starting point of the course involved raising students’ awareness of the
linguistic and, more particularly, the lexical phenomena involved in dictionary consul-
tation, followed by the development of the skills mobilized during the consultation.
The philosdphy behind this organization is that “the mastery of meta-lexical knowl-
edge makes it possible to better understand the structure and functioning of dictio-
naries”(Tremblay, 2009, p. 228). While the application of this course module and
its effects were never studied empirically, Lthey ‘were positively met by experts in the
field and subsequently integrated into the teacher training program at our university,
UQAM3, by Tremblay herself. This is the only example that we found of explicitly
teaching meta;concepts to teachers in order to facilitate the acquisition of other, more
concrete concepts. We find it to be a very sound approach since it provides both theo-
retical grounding and practical application of skills. This approach also inspired us to
design the learning activities of STI-DICO, which we will describe in Section 4.4.3.4. .

A more recent project by Tremblay et al (2016), based on a questionnaire given to
a group of 300 primary and secondary teachers in Quebec, found that teachers have
positive feelings towards both paper and electronic dictionaries, and that they consider
themselves qualified in teaching the use of the dictionary to their students. Further-
more, in terms of the value that teachers attribute to dictionaries, the teachers ques-
tioned tended to agree with the fact that the dictionary makes it possible to develop
students’ written skills. Nevertheless, the questionnaire also found that there is little
teaching devoted explicitly to dictionary usage, and that both students and teachers are
only familiar with more ‘basic’ (or traditional) dictionary usage, such as simply finding
the definition or spelling of a word, and that they do not often venture in more complex
(or enriched) usages, such looking up the meaning of an idiom or common word collo-
cations. ’

3Université du Québec 2 Montréal



37

Given that Tremblay’s study was carried out in our precise context of application, we
find its results to be very important to help us design STI-DICO modules. On the one
hand, the fact that teachers consider that dictionaries are important and that they master
their ‘basic’ uses is already a good basis for our project, since it constitutes proof of
its pertinence in the context of application. However, the fact that teachers consider
themselves to already be competent in dictionary teaching, while allocating little time
to explicitly teaching dictionary use means that a certain amount of raising awareness
is needed to bring them to realize their limited dictionary abilities and.to insist on the
importance of this teaching. We will address these two facts in the design of our ITS
and its learning activities, in Section 4.4. However, we will first present some existing
tools for teaching dictionary use in the following section.

2.1.5.3  Tools for Teaching Dictionary Use

As we have presented in previous sections, research has consistently shown that users
often make mistakes while consulting the dictio}nary,vwith_ researchers citing lack of
skills and trainin g as common reasons for these mistakes. Given this significant need for
training and instruction, it is not surprising that there are several tools and approaches
for the development of dictionary skills. Several research projects have even incor-
porated coniputer components into their design approaches in different ways and with
distinct training purposes. However, there are few projects that have created concrete
digital tools aiming to teach dictionary usage. Given the relevance of these tools to our
research project, we will present some of them in the present section.

2.1.5.3.1 ALEXIA

ALEXIJA is a computer-based learning environment for learning French as a second
language, developed by Silva and Chanier in the late 1990s (Chanier and Selva, 1998;
Selva and Chanier, 1998, 2000). This innovative digital environment consists of several
modules: a corpus of texts, a general dictionary, a personal dictionary of the user, and a
unit of lexical activities, all sustained by a learner model that follows the uSer’s course
path and provides them with clues to guide his learning (Chanier et al., 1997). Using
the texts available in the system, the learner is encouraged to do interactive activities in
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order to develop his vocabulary; in parallel, they can consult the integrated dictionary
to find definitions of unknown words.

The ALEXIA system is set apart by several innovative elements: on the one hand, vo-
cabulary words are not presented in a linear way, but rather via graphs representing
semantic relations such as synonymy, hyperonymy, antonymy, etc., which are gener—
ated automatically by the system for any selected word. This suppofts the learner in
his or her learning process, since the presentation of visual as well as verbal informa-
tion aims at fostering the connection between the two 'modes of representation and the’
storage of information in both cognitive systems (Selva and Chanier, 1998). Further-
more, the existence of a dictionary that can be customized by the learner is conducive 7
to learning because it allows annotations on words and the notation of important com-
ments or remarks, which results in a more in—depth analysis of the meaning of the words ‘
learned via the System. Finally, the ALEXTA Systerﬁ- adapts the learning activities that
it proposes to learners according to their level of French: for example, simple concor-
dance exercises are presented to beginner learners, while activities for more advanced
learners involve more complex concepts such as semantic relations, derivation, and col-
location (Selva and Chanier, 2000), with different feedback provided depending on the
exercise, the levell of the learner and their performance, etc.

Although ALEXIA has brought a lot to the table as a computerized tool for language |
teaching, it is a tutorial aimed specifically at second-language learners, who aim to use
the dictionary mostly for translation purposes. What is lacking in the tool is a more
general approach to dictionaries as sources of lexical information for native speakers,
~ no matter what their native language is. Also, despite its adaptability, ALEXIA does
not provide intelligent guidance to its users, i.e. it does not offer a diagnostic of learner
errors and their state of knowledge, which is necessary in order to follow the learner’s
learning path in its totality and to propose activities adapted not only to his level of
knowledge, but also aiming at filling the specific knowledge gaps that they may have,
which an ITS would be capable of doing. Nonetheless, it is a very powerful tool with a
potential for both helping French learners develop both their linguistic skills as well as
their dictionary consultation skills in parallel. Sadly, it is no longer an active research
project; however, the foundation that it has established inspired other research projects,
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as well as our own.

2.1.5.3.2 OQuvrir le dictionnaire

“Ouvrir le dictionnaire” * is a recent tool designed by Karine Pouliot and Gilles Berg-
eron (2012). It is a Web site offering an interactive and fun way that allows secondary-
level students in Quebec to familiarize themselves with the use of the dictionary. This
tool has multiple objectives: on the one hand, it aims to present the dictionary as an
object of study in itself, i.e. its content, its organization, and the different types of dic-
tionaries that exist and, on the other hand, it aims to promote the development of effec-
tive dictionary consultation strategies. The site contains several sets of activities—the
first set consists of a series of true or false quesﬁons regarding persistent myths about
the dictionary, whereas another set leads students to develop their know-how by pre-
senting prdblems that can be solved using a dictionary (é.g. finding the pronunciation
of a word, the correct preposition to use with a verb, etc.), specifically targeting infor-
mation that the learner is not used to looking for in the dictionary to make them aware
of the scope of information that can be found. Other sets of activities will also target
know-how independent to the dictionary, for example finding the root of a word or the
base word of a collocation.

The purpose of “Ouvrir le Dictionnaire” is to equip the learner to solve different types '
of lexical problems that may arise in their daily lives (not knowing the definition of a
word, or the meaning of an idiomatic expression) using the dictionary. Despite this,
some key elements are lacking to make this tool more effective, for instance, adap-
tive elements that would offer different exercises depending on the level of the learner.
Also, it is a tool with limited use, since it does not record user sessions, so one cannot
go back and finish what they started, but must always start from scratch. Despite these
limitations, “Ouvrir le Dictionnaire” is both sufficiently interactive and well designed
to present a new perspective on dictionaries that most learners have never known, and
encourage them to explore it further. Furthermore,-the learning activities that it offers
are very authentic and plunge the learner into concrete situations that he or she may
often encounter both in the classroom and at home, which is a quality that we have also

“https://www.ccdmd.qc.ca/fr/modules/dictionnaire/
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striven towards in the design of our own learning activities, which we will present in
Section 4.4.3.4. Overall, it is a good starting point for beginner users looking to learn
about dictionaries. However, it does not go far enough in defining the linguistic con-
cepts that it uses, which limits its fundamental anchoring.

In the last ten years, several other proposals and prototypes of tools using ICT (Informa-
tion and Communications Technologies) techniques for teaching dictionary skills have
been proposed. These include, among others, ELDIT (Abel and Weber, 2000; Gamper
and Knapp, 2000, 2001), an interactive bilingual dictionary designed to encourage. the
active use of new vocabulary by users by strongly integrating hypermedia technologies
to represent words in a visual and multidimensional way, and Benedict (Herpio, 2002),
a project aiming to create an ‘intelligent’ dictionary for English and Finnish, which can
adapt to different users and subjects, integrating semantic and syntactic search tools
with links to corpus data within multilayered entry structures. However, neither of the
two tools cited abc_)vé are available for general use, so we cannot make conclusions re-
garding their efficiency. | '

Based on the literature review above, we have idéntiﬁed the clear need of a tool that
would foster dictionary usage, and more speci'ﬁcallyv the skills and knowledge that un-
derlie it. Our goal is to dévelop such a tool, a digital tutor targeting teachers-in-training
in order to address their lack of dictionary training and preparation to teaching dic-
tionaries in the classroom. We-will present the stages of development of our tool in
Section 4.4. First, however, we will provide an analysis of the computational domaih,
the existing paradigms and the research related to our project.

2.2 Computing Aspect

While one of the key objectives of the present research project is epistemological, aim-
ing to explore the process of dictionary consultation and its nature as a cognitive phe-
nomenon, including the knowledge and skills that it requires and how to best foster
them, this is not an end in itself. A second and equally important objective is to de-
velop a functioning prototype of an Intelligent Tutoring System, STI-DICO, to serve
a purpose as both a cognitive tool as well as a prism through which human cognition
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can be studied (Anderson et al., 1990; Corbett et al., 1997) (see Section 1.4). In‘ the
present section, we will present various research projects and tools for representing,
modeling and fostering skills and knowledge, most specifically via ITSs. We believe
that the optimal way of putting these elements to use for the advantage of learners is to
create an Intelligent Tutoring System. We will defend this point of view in the follow-
ing section, presenting ITS and describing their functioning, architecture, approaches
and advantages.

2.2.1 Intelligent Tutoring Systems

For the past several decades, Artificial Intelligence (AI) researchers haye been inter-
ested in studying the teachi_ng and learning processes, including the computerization
of these processes in the most ‘intelligent’” way pbssibleQ While the first computerized
learning systems were limited by the technologies available at the-time, with the democ-
ratization of technology these systems have become more complex over time, integrat-
ing more adaptive and interactive components. These increasingly advanced tools for
teaching and learning, called Intelligent Tutoring Systems (ITS), are programs designed
using artificial intelligence techniques that aim to produce the intelligent behavior in-
volved in teaching and learning, such as providing personalized feedback and guidance
and the proposal of learning activities suited to a learner’s level and needs (Nwana,-
1990; Nkambou et al., 2010). The aim of ITSs is to manage interactions with the
learner efficiently and to foster their learning by' adapting content and learning activ-
ities to the learner’s cognitive profile. Since personal tutoring has been shown to be.
twice as effective as other approaches to support learning, notably traditional class-
room instruction‘ (Bloom, 1984), this defines the advantage of I'TSs compared to other
E-learning tools, since they offer personalized guidance coupled with diagnostic mech-
anisms that allow them to detect learners’ strengths and weaknesses and to propose
appropriate activities at each stage of their learning process, for each individual learner.

As early as the 1970s and 1980s, ITSs began to address complex learning problems
(Clancey, 1987; O’shea and Self, 1986) with the development of new techniques and
methods in the field. Since then, ITSs have been created to address a variety of areas
of expertise and knowledge, including mathematics (Jean et al., 1998; Anderson et al.,
1985), medical diagnosis (Buchanan and Shortliffe, 1984), and programming (Corbett



42

and Anderson, 1992). The decades that followed also saw the development of several
ITS authoring approaches, including that of Anderson and colleagues (1984), which
was based on ACT-R (Adaptive Control of Thought-Rational) a model of human
cognition. Other major ventures to develop ITSs were founded, for instance the Learn-
Lab group at Cameg1e Mellon University, which created PAT, an ITS for mathematics
in high school (Ritter et al., 2007), as well as the Center for Knowledge Communi-
cation at UMass Amherst, which created MathSpring, a mathematics tutor for middle )
school (Arroyove't al., 2010) and the Pittsburgh Science of Learning Center, which cre- -
ated Andes, a physics tutor (Vanlehn et al., 2005). ' '

Subsequently, the next decade saw the design of several authoring systems to facilitate
the task of creating ITSs (Murray, 2003; Aleven et al., 2006 Sottilare et al., 2012),

.pavmg the way for their democratization and expansion: we will address authormg
tools in Section 2.2.5. The last years have seen ITSs adoptmg new techniques and ap-
~ proaches in computer science, such as service-oriented architectures and Web-based
interfaces, to keep up with new demands of learners worldWide (Nye, 2015). In this
section, we will present the main characteristics of ITS: their architecture, their com-
ponents, existing approaches in their design, and popular knowledge representauon'

techniques.

2.2.2 ITS Architecture

Even though there is no- mandatory structure that an ITS must have, there are compo-
nents that are needed for its successful functioning, notably: a modeling of the target
domain, a representation of its learner, a formalization of the pedagogical strategies to
be used to foster learning, and, finally, an interactive interface to deploy learning ac-
tivities and interact with the learner. This often results in a four-module architecture:
the expert model, the learner model, the pedagogical model, and the ITS interface—see
Figure 2.2, below (Nkambou et al., 2010; Woolf, 2010). While this is a useful way of
thinking about ITS architectures, actual working ITSs do not always function this way.
Nonetheless, this conceptual division is an important fundamental part of ITS design,
and one that we adhere to in our project. We will present each of the four components

in the present section. -
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Figure 2.2: General ITS Architecture, taken from Nwana (1990)

The Domain Module

The domain, or expert, module of the ITS contains all of the content from the target
domain that the ITS learner will acquire. It therefore represents an “expert” of the do-
main, including all of the conceptual knowledge and problem-solving processes that
~ they-have and which they use. This knowledgé can be explicit or implicit, depending
on the field taught and the nature of the content. Based on this, different representa-
tion formalisms can be used. In fact, the choice of representation of knowledge is very
important because it affects the functioning of the whole system. However, several
formalisms can result in the same behavior; we will address the different formalisms
that exist in Section 2.2.4. Furthermore, since it is not always easy to discover and
codify the intended knowledge, much of ITS design work consists of distilling and
representing the target knowledge in computerized form. This can include interviews
with human experts, the creation of databases or ontologies, and the establishment of

reasoning rules.
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More often than not, the creation of the domain module of an ITS is the most time-
consuming part of the creation of an ITS, since it must be as cognitively sound as
possible in order to provide a benchmark for the learner to strive towards and often
requires extensive cycles of design and validation in order to achieve this standard. In
the case of STI-DICO, the heart of its domain module is our framework of dictionary

“skills and knowledge, which we will describe in Section 4.2 and which was developed
via several cycles of development and evaluation. Finally, the ITS expert module can
also be used to identify the student’s shortcomings and errors by comparing the learner
module to the expért module to see what the learner is lacking (Nkambou et al., 2010;
Woolf, 2010). |

The Learner Module

The learner module represents the state of knowledge of t-he-‘ learner (i.é’. the user of
the ITS) at any particular moment in time during the learning process. It is constructed .
based on the learner’s behavior within the system, and by comparing their characterisr—r
tics with the domain module in order to represent the progress that they have already
made and that which remains to be made in terms of knowledge acquisition (Goldstein,
1979). The learner module is a dynamic representation-of the emerging knowledge
- and skills of the learner, which constantly evolves as they progress within the ITS. It
is therefore updated as much as possible based on learner behavior and progress. The
module can consist of a representation of various aspects of the learner’s state: his or
her emotional state, level of motivation, performance, etc., either gathered explicitly
(via questionnaires or interviews with the learner) or implicitly (via observation of the
learner’s behavior, answers, hesitatioh, hint requests, etc.) _(Woolf, 2010). The learner
can often be given access to his or her learner model in order to guide them in their own
learning process—this the principle behind the Open Learner Model (Bull et al., 1995;
Bull, 2004). ’

There are different ways tha_t the learner’s state can be represented, one of the most com-
mon ones being an overlay (i.e. a comparison) with the domain module, so that there is
always a quantifiable representation of what the learner has acquired and what they have
yet to acquire (VanLehn, 1988). This is the representation that we will adopt in STI-
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DICO, since we insist on the explicit representation of learner knowledge and skills,
and therefore a comparison with an expert benchmark is most appropriate. However,
due to time constraints, we were not able to design a learner module that represents all
aspects of our learner’s staté, and chose to focus on representing the acquired skills and
éoncepts, and forego other important aspects such as their emotional and motivational
states, even though we recognize the important role they play in the learning process.
we will discuss the metacognitive and emotional aspects of learning in Section 2.2.4.2
as well as in our Discussion. ‘ ' |

The Pedagogical Module

The pedagogical module of the ITS is the base of didactic and pedagogical strategies
that the system can apply in order to help the learner overcome potential difficulties, to
motivate them and to guide them in their learning path. This ‘module stores one or sév-
eral established learning strategies, such as learning by doing (Aleven and Koedinger,
2002), learning by teaching (Matsuda et al., 2010), cooperaﬁve learning (Aimeur et al.,
2000), etc., and is able to choose the right strategy to apply at the right time that will
have the greatest impact on the learner. The pedagogical module uses information from
the learner model as well as learner tracing to construct a tutoring structure, to decide
what activities or exercises to offer, and to present evaluation tests at appropriate times
and at suitable levels. '

The designer of the pedagogical module is faced with a difficult task, since even min-
imal changes to the order or presentation of content can have major repercussions on
student performance. It is therefore necessary to represent the right pedagogical strate-
gies from the start, as well as to adequately define the way in which the ITS chooses
between these strategies. The timing and the manner in which feedback is presented to
the learner can also affect both the learner and their learning path in a profound way,
so it is equally important to manage this aspect as well (Kulik and Kulik, 1988; Heift,
2001, 2003). In our case, we based our choice of pedagogical strategy largely on the
4C/ID model, which we will present in detail in Section ??.

The Learning Interface .
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Finally, the learning interface is a key element of the ITS since it is the gateway via
which the learner has access to the system .and communicates with its various compo-
nents. Without a well-designed interface that translates internal representations of the
system and presents them to the learner and, conversely, encodes the learner’s behavior
into system-readable data, the ITS cannot function properly. Moreover, the visual pre-
sentation of the activities and components is very irhportant for the acceptance of the
system by the learner. For this reason, it is important to 'design a system that exploits
the digital tools and available multimedia techniques in order to stimulate the user both
visually and mentally. The content and presentation of interface elements can also be
modified depending on learner profiles: the age and knowledge level of the learners,
their learning objectives, learning disabilities, etc. More concretely, the presentation of
exercises which cover the writing of literary texts destined for college-level learners will
involve different visual elements than learning activities aiming to teach the principles
of physics to primary-level learners, and the level of gamification may vary according
to the needs and characteristics Qf the context, the content, and the learners (Cha et al.,
2006). For example, a recent ITS aimed at helping children on the autistic spectrum
manage their emotions and help them learn mathematics showed significant impact on
their performance and emotional well-being (Mondragon et al., 2016).

An interesting direction in ITS development in recent years has been integrating new
technologies into interface design, ones that go beyond more simple exercises and ac-
tivities and utilize new affordances to help learners. This is the cése, for instance,.in
game-based ITSs, such as the Interactive Strategy Training for Active Reading and
Thinking tutor, which aim to improve learner engagement by incorporating game-like
components into the design of the educational environment (Dickey, 2005; Jackson and
McNamara, 2013). Other types of ‘new’ ITS interfaces also include ones that use aug-
mented and virtual reality to immerse the learner in their learning situation, which is
especially useful for more hands-on domains such as piloting an airplane (Qiao et al.,
2008) and for training at high-risk sites (Amokrane et al., 2008).

In the case of STI-DICO, since we have a well-defined application context and target
audience, the design of the interface was constrained from the beginning—the content
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covered pertains to dictionary consultation, the learning activities anchored in the au-
thentic context of classroom activities, and the interface sufficiently complex for future
French teachers currently studying at university. Furthermore, our desire to be coherent
with recent trends in the domain, such as modular architectures and a Web-based in-
terface, helped us define the interface even further. We describe this process in further
detail in Section 4.4.2.1. However, beyond implementation issues, ITS désign also in-
volves different approaches in their design and conceptualization, which must be taken
into consideration to make the most informed choice poésible when it comes to ITS
design. We will present these approaches in the following section.

2.2.3 Approaches in ITS Design

The ITS domain is far from béihg a unified domain in terms of its theofies and methods:
_ many approaches exist for the design and implementation of ITSs. For starters, there
are different approaches for designing and modeling knowledge in the domain module
~of an ITS. Among these approaches, we can cite: “black box” type models (Brown and
Burton, 1974), “glass box” type models (Clancey, 1987), “cognitive” type models (Cor-
~ bett and Anderson, 1992), and constraint-based modeling (Mitrovic et al., 2001), which
each correspond to various ways of perceiving the content to be taught and have a huge
impact on the overall design of the ITS. We will discuss-some of these approaches in
the present section.

The Black Box Approach

The black box approach is a way of representing knowledge in the domain module
in a way that is not at all acée_ésible to the user, meaning that the learner using the ITS
does not have access to its internal content, but sees only what is strictly intended for
them, which is decided by the ITS designer and can be limited to a very abstract repre-
sentation of the domain, without any details regarding how its processes actually take
place (Nwana, 1990; Nkambou et al., 2010). For example, SOPHIE I, a tutoring system
in electronic troubleshooting has a black box model, using a simulated troubleshooting
model based on sets of equations which, however, are never shown to the student, who
has to navigate the solution of a learning activity on their own (Brown and Burton,
1974). '
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This type of approach, while still used in practice, is often eschewed because it does
not provide sufficient explanation of domain content to its learners, meaning it leaves
it up to the learner to construct a description of both the context of the problem and
the rationale behind correct and incorrect feedback. While this may work for advanced
leamers, it is considered insufficiently pedagogical for less advanced ones, who often
come up with false or erroneous representations of the domain and the reasons why
_their actions are deemed correct or not (Nkémbou et al., 2010). However, the advan-
tage of the approach is that it makes the domain module simpler and.faster to create,
since it can be made in a machine-readable format that the learner never has access too,
without needing effort to convert it into something that the learner can interpret.

The Glass Box Approach-

A second approach to modeling the domain module is the opposite of the black box
apprdach — it is the “glass box” approach, in which the module is designed in the most
transparent way possible. The user can therefore consult the model at any time to see
the solution of a problem in more detail (Clancey, 1987). This kind of module is often
. conceived in close collaboration with human experts, who are able to elucidate their
reasoning processes in sufﬁc1ent detail for the results to be saved within a computer-
ized system, and then used for reasoning.

For instance, the GUIDON system (Clancey, 1987) represents its target domain (med-
ical diagnosis of bacterial infections) via several hundred if-then rules which link dis-
eases and diagnoses together, similar to the reasoning processes of a human bacterio-
logical expert. This domain is then presented to the user, for them to explore and use
as they see fit. However, while glass box models were popular for early ITS such as
GUIDON, the fact that they were not cognitively plausible caused learners to develop
misconceptions regarding the domain knowledge that they would have access to, which
could cause them to significantly stray from their path. For this reason, in recent years,
ITS designers have preferred the cognitive approach, which we describe below.

The Cognitive Approach
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The cognitive approach to domain modeling aims to faithfully replicate both the rep-
resentational formalisms and the inference mechanisms used human beings, enabling
the ITS to solve complex problems in a manner as similar as possible to those used
by learners, and to thus to be more accessible and comprehensible to them. One of
the important early discoveries in TTS research was the importance of cognitive fidelity
of the domain module to the domain in question (Corbett and Anderson, 1992; Ritter
et al., 2007). Therefore, cognitive approaches are important in rendering the ITS even
more effective, since they not only represent knowledge as the learner does (which the
glass box approach already advocates), but it also reasons in the same way a human
does, which makes it possible to detect errors or anomalies more easily via cognitive
diagnostic (Nkambou et al., 2010).

- In order to apply a cognitive approach to building an ITS, it is therefore neceséary
- to choose a cognitive architecture that aims to simulate and understand human cog-
‘nition—this was the case, for example, of the Control of Thought (ACT-R) Model
(Anderson et al., 1985, 1990), which consisted of diving human knowledge into declar-
“ative and procedural knowledge, and ‘chunking’ knowledge into vector representations.
ACT-R was used for building several key ITSs such as Algebra Tutor (Singley et al.,
1989) and Geometry Tutor (Koedinger and Anderson, 1990) and still influences ITS
designers to this day. However, in more recent research, there has been a general ten-
dency to utilize cognitive architectures other than ACT-R, in order to make ITSs that
reason differently and can therefore represent other strategies and approaches (Dubois
et al., 2010).

In ITSs built according to the cognitive approach, the domain module is accessible at
. any moment by the learner, who can see the steps that he has followed and whether
or not they are coherent with the expert’s réasoning steps, and how these steps corre-
spond to theoretical concepts from the domain. Depending on the field of application
and especially the audience targeted by the ITS, one or the other of the approaches de-
scribed above may be preferable. For example, in the case of a well-structured domain,
such as arithmetic, with an audience that would not necessarily be able to exploit a
domain model even if it were accessible (like novice students), it could be preferable
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to choose a black box approach to modeling the domain, since it would be simpler to
develop such a domain module without worrying about making it accessible to learners.

On the other hand, even in this pafticular case, if the model is well represented, it could

be very instructive for pupils to have access to a simplified version of the reasoning

of the system, especially if the reasoning is close to their own cognitive functioning —

 this may help them overcome issues that they have or misconceptions that they have
developed. In other contexts, access to the domain model is parambunt to the learning
process—especially for adult lcameré- who have sufficient metacognitive skills to reg-

“ulate and gauge their own le,arning',v provided that they have the tools to do it. This is
also the principle behind the Open Learner Model (Bull et al., 1995; Bull, 2004), often
used to empower the learner and which we will come back to in Section 2.2.4.2.

The Constraini-Based Approach

The theoretical basis of Constraint-Based approaches to ITS design is based on re-

lying on students’ errors in order to build a learner model and to provide .adequate

remediation (Mitrovic and Ohlsson, 1999; Mitrovic et al., 2001). This is done based

on constraints, i.e. conditions that are satisfied by correct solutions vs. incorrect ones.

| _ Therefore, by comparing the answer that the student provides with constraints that are
defined within the ITS, the system is able to gain specific information regarding the
student’s mental model, misconceptions, errors, etc. However, the constraint-based

| paradigm is not able to provide hints to the student during their path towards an end
state, but only feedback once the student has provided their answer. This is due to the
fact that constraint-based models do not represent the totality of the domain or even of
a given problem (because there is no integration to tie all the constraints together in a
problem solving sequence).

Constraint-based modeling has been used for several ITSs, notably in SQL database
commands (Mitrovic and Ohlsson, 1999; Mayo et al., 2000), and database modelling
(Suraweera and Mitrovic, 2002). They remain popular in many knowledge domains,
such as programming, since what is traditionally evaluated in these domains is the
end answer and not the cognitive path of the learner towards that answer. However,
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constraint-based tutors are considered to provide less extensive remediation and require

more knowledge of the domain to create, so they are not used for as domains as lan-

guage or mathematics, where often the reasoning that the learner takes is as important

as the answer as they provide, and where often much remediative feedback is needed

during the exercise resolution process. Nonetheless, constraint-based tutors continue to

be a major paradigm in ITS design and are even used in hybrid ITSs along with other
types of approaches (Fournier-Viger et al., 2010).

- Model Tracing

Another ITS approach is one based on model tracing, in which each stage of the
learner’s progress is compared with the reasoning of the domain expert, as encoded

“in the ITS (Anderson et al., 1985). Through this comparison, feedback can be given
to the learner at each stage of his/her jourriey, which reduces the risk of the learner
.getting irrevocably lost or confused. These models are often accorhpanied by a catalog
of buggy rules, i.e. general representations of problem-solving etrors, which can be
identified through experimentation of the system, or from existing research in the field.
These COmmon errors are encoded and compared to learner behavior by the system in
order to diagnose learner errors. This facilitates the task of the ITS since it reduces the
number of error possibilities that it must diagnose and allows to link a type of feedback
specific to each type of error, which increases the efficiency of the ITS’s inner loop.
waever, responding with specific ei’ror messages to specific learner errors is not typi-
cally viewed as a central component in these systems. ‘ A

Model tracing has been effective in faéilitating learning in areas such as mathematics
and programming (Anderson et al., 1985, 1990), and is the theoretical basis behind
CTAT (Cognitive Tools Authoring System) (Aleven et al., 2006). In ITSs created using
CTAT, behavior graphs are created based on ideal and erroneous user behavior, accom-
panied with feedback and hints at various points in the learning process. This allows
the tracing of many different learning strategies, as well as a personalized guidancé at
each step of the way (Aleven et al., 2009). Model tracing has been used for the devel-
opment of many ITSs and ITS components, which have been tested on a large scale in
classrooms in the United states, with ITS-tutored students outperforming comparison
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classes by 15% or more, and proving the potentia1 of ITSs even in complex learning
environments such as urban high schools (Koedinger et al., 1997). It is therefore an
important and empirically validated approach to ITS design.

Van Lehn’s Double Loop

~ An important approach to representing the tutoring capabilities of the ITS was pro-
pdsed by Van Lehn (2006) — the double loop ITS architecture. In this architecture, the
outer loop, which is executed once for each task in the progress of the ITS, selects an
- appropriate activity for the learner at a specific point in the learning process, whereas
the internal loop executes at each step that the learner makes in the sélution of the pro-
posed task, providing clues and feedback on this step and evaluating the student’s state
~ of knowledge in order to-update the learner model. The updated version of the learner
model is then used by the outer loop to propose the next learning activity based on
the learner’s new knowledge state, and this operation continues throughout the learning
process. This double loop has become one of the defining characteristics of an ITS
-and is now considered the standard for ITS design, with some researchers in the do-
main considering that a learning tool that lacks one of the two loops is not considered
a prOper ITS but rather a simpler E-learning tool (VanLehn, 2016).

" The behavior of the two loops can be modified according to the demands and the com-

_ plexity of the system: it is possible to adjust the quantity or precision of feedback, the

level of depth of the hints provided, and the customization options of the exercises ac-
cording to the needs of the users. The double-loop approach has been used in numerous
ITS, including Andes (Vanlehn et‘ al., 2005) and Affective Meta Tutor (Azevedo et al.,
2010b; VanLehn, 201 1) with impressive results in a multitude of domains. For instance,
in Andes, the tutor was able to both pick the next activity for the user based on all of
their previous behavior and the evolution of their learner module, but also prdvided
step-specific feedback within each learning activity, making it a very good example
of double-loop adaptive behavior. The double-loop approach is also closely related to
cognitive tutors, since the outer loop can be seen as an implementation of knowledge
tracing, whereas the inner loop implements model tracing.
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Van Lehn’s double-loop architecture is a simple yet sophisticated way of approaching
the imitation of a human tutor’s behavior: whereas it is true that this may go beyond
the simple step-based and task-based intervention, these two types of adaptations al-
ready enable providing the learner with both activities suited to his or her level, as
well as the hints and feedback needed to progress successfully. Van Lehn revisited his
initial double-loop design in a recent article, where he adds important factors to mod-
ulate the behavior of these loops: factors such as the type of cognitive process that
the tutor’s behavior targets and the type of knowledge item that it addresses (VanLehn,
2016). This brings Van Lehn to propose additional granularities to the two original
loops, for instance micro-loops, targeting sub-steps such as internal thought processes,
and macro-loops, targeting entire modules or chapters of an ITS which form part of
a curriculum. This gives the tutor added features and efficiency, both in addressing
much more fine-grained issues (for instance, the strategy used to solve part of a prob-
lem) and more general ones, such as the order of chapters or modules propbsed toa
‘learner. This represents a very promising path for the evolution of ITSs, one that more
and more ITS designers are taking. However, beyond the overall approaches that are
chosen for the design of an ITS, there are other decisions that must be made, notably
the formalism used for modeling the knowledge represented. We will address some of
these formalisms in the following section.

2.24 Knowledge Representation in ITSs

Once the intention to create an ITS has been established, the nature of the knowledge
involved in the learning process must be considered. In the present section, we will
describe and discuss some knowledge representation methods, their advantages and
disadvantages, and their application. | |

2.24.1 Epistemological Considerations of Knowledge Representation

There has been a growing interest in the role of epistemology (i.e. the theory of knowl-
edge) in the design and creation of ITSs, since recent studies have.indicated that the
nature of the knowledge targeted and the beliefs that teachers have regarding this know1-
edge impact the teaching and learning process (Schraw et al., 2006; Schraw and Olaf-
son, 2008). Furthermore, epistemological analysés of the target knowledge domain as
well as the inference procedures needed to solve problems have increasingly become
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part of the learning design process (Ramoni et al., 1992), especially for ITSs (Nkambou
et al., 2010). This is why it is important to choose an adequate paradigm for represent-
ing knowledge within the ITS domain module, since it can have major repercussions

elsewhere in the ITS. |

One of the best known knowledge classification systems, and one which is often used
in ITS design, is dividing domain knowledge into declarative (expiicit) and procedu-
ral (implicit) knowledge, which can then be further sub-categorized if needed (Polson
and Richardson, 2013). There are also more elaborate classification systems, such as
those created by Bloom (1956) or Gagne (1985), educational psychologists who sought
to define different types of knowledge specifically to facilitate their transmission, and
whose hierarchies were extensively used by many researchers. Other knowledge rep-
resentation schemes exist, ones that are based more concretely on modern cOgnitive
theories and meant to be more operational and concrete than Bloom and Gagne aimed
to be, such as Merrill’s Component Display Theory (Merrill, 1991), which organizes
knowledge in a matrix-like structure based on content type and performance level, and
Kyllonen and Shute (1988), who proposed a multidimensional representation which
defines a hierarchy of knowledge typesvbaSed on cognitive complexity.

Another major aspect of ITS design is the consideration of the educational scope of
the system to be created, i.e. the study of both the transmission and the acquisition of
the knowledge that the ITS seeks to tafget. 'For this reason, most ITSs are based on an
existing knowledge representatioh theory, such as those listed above, or advanee their
own hypotheses regarding the target knowledge to be represented, depending on the
domain in question and the learner population. Nonetheless, most ITS focus on explicit
knowledge, since, obviously, implicit knowledge is harder to define and even harder
to transmit (Stadler, 1989). The target knowledge domain of most I'TSs has therefore
been explicit knowledge from well-defined domains, targeting specific concepts from
the domain and the reasoning processes that they mobilize. |

Having defined the nature and scope of the transmitted knowledge within the ITS, it is
then necessary to choose a method for the computational implementation of knowledge
representation and reasoning, which is crucial for the design of the ITS. We present the
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various methods and approaches that exist for representing domain knowledge in the

next section.
Knowledge Representation Formalisms

Once the knowledge to be represented within the domain module of an ITS has been
defined, the appropriate way of representing it in computerized form must be chosen.
The designer must therefore choose from among a set of formalisms. This choice is
paramount because it affects the functioning of the system and depends on several fac-
tors, including the nature of the modeled content and the implementation apprbaches
chosen for the system. According to Nkambou and colleagues (2010), there are 4 main
criteria to consider for choosing a knowledge representation formalism in an ITS: the
degree of expressivity it permits, its inference capacity, cognitive plausibility in terms
of the representation of knowledge and reasoning, and finally the pedagogical i_mpacf
on the content. These criteria result in each formalism having certain adVantages and
disadvantages, which we will address in the paragraphs below.

Production Rules -

One of the formalisms most commonly used in ITS are production rules, which con-
sist of three components: a working memory, which contains all of the information
the system contains regarding the problem, a base of rules, which has information re-
garding the problems the system can solve, and an interpreter, which chooses the rule
to execute for any given problem. Rule-based systems have the advantage of being
transparent and modular, with a restricted syniax. They are also sufficiently cogni-
tively plausible to model human reasoning mechanisms, which makes it possible to
use them to represent students’ reasoning paths (Anderson et al., 1984). On the other
hand, they do not apply very well in the vague or ill-defined fields, which reduces their
scope (Nkambou et al., 2010). Domains in which rules are commonly applied are those
of programming, medical diagnostic, méthematiés, etc.—any area where the scope is
well defined in terms of rules and where it is possible to reason upon these rules to
solve problems. They are also often used in complement with other formalisms to han-
dle only the reasoning/inference part of the domain module, since they do not represent
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complex concepts very adequately. However, early ITS often used production rules
as their main representation language, for instance in the case of GUIDON, an expert
system for the treatment of bacterial infections which represented' its domain module
with hundreds of “if-then” production rules probabilistically relating disease states to
diagnoses, since it was relatively simple to create a large knowledge base and use it
for reasoning by the system (Clancey and Letsinger, 1982). Since then, however, more
diverserr'epresentation formalisms have been developed, some of which we present in
the following paragraphs.

Semantic Networks

Another often used formalism for knoWledge representation are semantic networks,
whichare composed of nodes, representing objects or classes of objects, and links, rep-
resenting the connections between the nodes. In this way, it is possible to represent
all of the concepts which are mobilized in a domain, as well as all of the connections
and types of connections between them. Also, when the semantic network is créated,
the designer can add different weights to its links depending on the strength of the
connections (or the number of times they are encountered), which makes the semantic
network even more realistic. In fact, semantic networks are perceived by many to be a
very truthful representation of human memory at their structural level and given their
inferencing capacity (Collins and Quillian, 1969). -

When semantic networks are used in ITS, it gives the systems the ability to make more
far-reaching reasoning, for instance finding nodes that are several links apart to carry
out an inference: for instance, if “mammal’ is linked to ‘dog’ and then to ‘Husky’, the
ITS would be able to link ‘Husky’ and ‘mammal’ and, based on the structure of the net-
work, establish the fact that a Husky is a type of mammal. Semantic networks have been
used in several ITS in the last decades, including SCHOLAR, an ITS in South Amer-
ican geography (Carbonell, 1970). However, they present the disadvantage of making -
it difficult to represent specific individuals and data values, so they are harder to use
for representing knowledge in scientific domains (Nkambou et al., 2010). Nonetheless,
they can be coupled with another formalism among those listed in the present section,
such as the frames we describe in the following paragraph, in order to represent domain
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knowledge more adequately.
Frames

Another often used knowledge representation formalism are frames (Minsky, 1974),
which consist of classes with attributes that can be filled by values or other frames,
therefore representing more general collections of instances. Furthermore, frames, con-
trary to semantic networks, allow the represehtation of different types of relations; for -
instance ‘kind-of’ and ‘part-of”, as well as the representation of specific instances of -
classes. Frames are therefore very powerful knowledge representation systems, which
are used notably in ITS shells to fully represent the domain knowledge entered (Major
and Reichgelt, 1992). However, frames also impose very rigid constraints as to the
manner in they must be defined, and only allow the representation of primitive con-
cepts, so it is hot easy to use them for all types of knowledge representation, but they
remain a popular choice nonetheless. ’

Ontologies

The last often used representation formalism are ontologies, which are increasingly
popular in the ITS community as well as other computer science domains. Ontologies
are formal specifications of a given domain which include the definition of concepts
as well as the relationships between them. An ontological knowledge base has two
parts: a terminology box, which contains concepts.and role descriptions, and an as-
sertions box, which contains the individual concepts themselves. The Web Ontology
Language (OWL), a formal language for creaﬁng ontologies, has been developed by the
Semantic Web Consortium, and is free for use and interfaces with many ITS program-
ming languages (Antoniou and Van Harmelen, 2004). Ontologies have therefore been
used for representing many types of domain knowledge, and are especially powerful
for representing declarative knowledge and the termihology that is necessary to build
a problem—solVing model in a specific domain (Mizoguchi et al., 1995). They are also
useful because they are hierarchical structures allowing transversal reasoning and the
inheritance of qualities between the levels of the ontology.
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~ However, the application of ontologies is limited to the specification of hidden concep-
tualizations, and not to the definition of procedural knowledge or skills, which must
be constructed over the initial ontology. It is therefore often necessary to complete
ontological representations with other formalisms such as production rules to be able
to fully represent learner’s solution strategies and procedural knowledge (Brewster and
O’Hara, 2007; Chi, 2010). Nonetheless, they remain a popular and effective knowledge
representation tool both in the ITS community and elsewhere in computer science.

Although there are numerous ways and approaches to formally represent domain knowl- |
edge as well as the reasoning mechanisms that govern it, there is no consensus in the
ITS field regarding the choice to be made. However, with progress being made in other

domains that are related to ITS, for instance the Semantic Web and Machine Learn- o

ing domains, there are many parallels to be made and much to be learned by making

'connectiohs between them. Finally, beyond the choice of knowledge represeritation for-
malisms, other factors must be considered in ITS design, such as paradigms of»levarning o
and the intégration of meta-cognitive aspects in ITS design, which we will address in
the following section.

2.24.2 Paradigms of Learning and Metacognit_ivévFactors in I'TS Design

As with other aspects of ITS design, the choice of learning paradigm to be applied is
also an important one to be made by the designer because it has a significant impact
on the behavior of the ITS and the progress of the learner within it. Depending on the
specificities of the learning context as well as the content targeted, different learning_
approaches can be chosen. In the current section, we will describe these fundamental
paradigms, discussing their advantages,-disadvantages, as well as the limits of their ap- -
plicability for ITS design.

Learning by Doing

Learning by doing consists of an approach most often applied in practical domains,
where the discovery of how something works forms an intrinsic part of learnihg (An-
derson et al., 1984, 1985, 1990). The core of this type of learning process is the ap--
plication of theoretical concepts taught in concrete situations by learners, followed by
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problem-solving or reasoning in a realistic context, taking into account the needs of the
targeted learners. A key process occurs when learners encounter obstacles and must
overcome them through trial and error, with minimal feedback from the system (Chi
et al., 1989). Therefore, leamers are not completely free to discover the domain and
experiment as they wish, but are limited to the domain as defined by the designers of
the ITS—for ihstance, they will often receive a formula or statement that will subse-
quently guide their solution of the problems presented, but they will typically not be
able to infer the formula based on examples. However, there will be sufficient guidance
provided for them to be able to solve the problems that are presented to them by the
system (Aleven and Koedinger, 2002).

The learning by doing approach works very well when the content to be learned has a
strong link between theory and practice, for example the physics of electrical circuits or
the use of hardware tools (Ritter et al., 2007). The disadvantage of the approach is that
learners can lose themselves in the content or to explore a path of solution that proves to
be unsuccessful, and consequently lose their_rhotivation. This can happen because they
are not given the opportunity to explore the domain and formulate their own hypotheses -
regarding how it works, without being given the answers beforehand, which gives them
less control over the learning process and fewer opportunities to be creative in order
to make their own hypotheses and conclusions. . This type of approach must therefore
ideally be accompanied by a targeted pedagogical follow-up that will guide learners on
their paths without telling them exactly what to vd_o in learning situations to give them
some room to explore and appropriate the domain (Merrill, 1991). Nonetheless, this
approach has been used in the pedagogical module of several ITSs, notably Andes, a
physics tutor, which works very well given the domain and the manner in which the
content and exercises are presented to learners (Vanlehn et al., 2005).

Learning by Teaching

Learning by teaching is guided by the principle that a student learns from teaching
another student (or virtual agent) the content that they themselves have acquired. The
learning by teaching paradigm has grown in the last decade, based on studies that have
shown that tutors derive as much cognitive benefit from the teaching and learning pro-
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cess as their pupils (Graesser et al., 1995). Subsequent studies have shown that asking
learners to teach newly acquired material leads them to further formalize concepts and
conceptualize them on a deeper level, which leads to better understanding. This is
done via the preparation for the teaching pfocess, which takes place through three main
mechanisms: structuring, empowerment, and reﬂection (Biswas et al., 2004). Further- -
more, this leads students to take responsibiiity for the content that they are learning,
becausevthey are aware of the fact that they will need to transmit it later (Biswas et al.,
2010).

This paradigm and these three mechanisms that it implicates have most recently resulted
in a ITS called Betty’s Brain®, which requires learners to teach material in geography
and biology acquired within the ITS to a virtual agent named Betty. Beyond simply
transmitting the content, the learner must reorganize textual content into visual struc-

tures (graphs, matrices, etc.) which represent the processes which he or she is learning
about. Furthermore, the learners are never alone in their learning process, since they
are guided by another virtual agent, Mr Davis, who plays the role of his mentor, so de-
spite the fact that they are in a teacher role, they are never left completely to their own .
accord. Betty’s Brain has been shown require more cognitivé effort from learners, but
also leads to a better understanding of the phenomena that are presented and heightened
metacognition regarding their learning process (Leelawong and Biswas, 2008; Biswas
et al., 2010). This has resulted in the learning by teaching approach to gain more vis-
ibility in the ITS domain, and gain popularity among ITS designers. In our case, this
paradigm is especially important because our targct audience consists of future teach-
ers.

Self-Regulated Learning

Independent of the complexity of the content taught and the characteristics of the learn-
ers targeted, the rhetacognitive aspect of learning is very important to consider in the
design of an ITS (Azevedo et al., 2006; Jacobson, 2008). The self-regulated learn-
ing paradigm (SRL) is therefore important since it addresses the metacognitive side of
learning by allowing the learner to be conscious and in control of his or her cognitive

>http://www.teachableagents.org/research/bettysbrain.php
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process involved in learning. SRL requires the learner to activate several metacognitive
processes in parallel to the cognitive processes involved in their learning. These pro-
cesses include: judging their own understanding of the content, changing their initial
learning goals, choosing or adapting a learning strategy that is more suitable for con-
tent, and so on, in order to successfully progress through the content and activities. A
large part of successful SRL also involves knowing when to ask for help or hints from
the system, and, when available, consulting their own learner model in order to visual-
ize their level of mastery of knowledge and skills. This corresponds to an approach to
ITS design advocating the Open Learner Model (Bull et al., 1995; Bull, 2004), Which |
consists of a visual representation of the learner model (often in form of a chart or a
graph), which can be consulted at any time during the learnihg process and which helps
the learner in the metacognitive aspect of his or her learning path by proposing a dy-
namic evaluation of their knowledge state.

On the one hand, SRL is more demanding for the learner since it requires a more in-
depth analysis of the learning context, assessment of the progression of learning, and -
dynamic setting of leaming,objectives (Azevedo et al., 2006, 2010b). On the other
hand, SRL gives the learner more freedom to control the learning process, to highlight
the content that interests him and which is relevant to him, and to have a better un-
derstanding of the content presented. For this reason, SRL is often implemented fdr
more advanced learners who already have a certain mastery of the domain knowledge,
since they are more likely to have a better meta-cognitive awareness of their own learn-
ing process and of the guidance that they require. Beginner learners, with no previous
knowledge of the domain and/or limited learning experience may have more trouble
acquiring this meta-awareness, unless they are explicitly guided as such, either by a
human tutor or the ITS itself, which is the reason why several ITS integrating meta-
cognitive awareness have been developed in recent years (Lajoie et al., 2001; Bull and
Kay, 2008; Azevedo et al., 2010a). ' '

None of the paradigms presented in this section is better than the others. Each of them -
has been designed and developed from a specific perspective, based on a certain vi-
sion of the teaching and learning process. Depending on the nature of the teaching
task in question, the domain taught, and the target populatioﬁ, any one or several of the



62

approaches can be chosen for the design of the ITS. Once again, this is one of the advan-
tages of the ITS architecture, which is adaptive and adaptable according to the specific
situation. Ergo, one can:even program several teaching and learning approaches, and
have the system choose the one that is most appropriate.

In our case, we consider that model tracing (or its variant, example tracing) coupled
with self-regulated learning were the best approaches, given that, on one hand, we carry
out an empirical study of the steps that users take during the dictionary consultation
process and the skills that they mobilize and errors that they make, based on which we
can make behavior graph models for the learning activities we propose and implement
these using CTAT. On the other hand, our target learners are experienced adults who
require less guidance and are able to use an SRL af;proach to empower them with
regards to their own learning process. While we have not explicitly integrated meta-
- cognitive mechanisms in our ITS, we are well aware of their importance and will further
elaborate on their potential to-improve STI-DICO in Section 5.3 of the Discussion.

2.2.5 ITS Authoring Systems

While ITS are becoming more common and increasihgly effective for bofh indepen-
dent learners as well as in classroom contexts, they still remain difficult and expensive
to build, requiring an estimated 300 hours of development time per hour of ITS instruc-
tion (Murray, 1999). Also, while commercial authoring systems exist for designing
traditional E-learning and computer-aided instruction systems, they are often lacking
the sophistication and ‘depth required to create ITS since they have relatively shallow
representations of both. domain content and pedagogy, as well as a lack of a double loop
implemehtation. There has therefore been extensive research '.rega:rding ITS authoring
tools in the last decades, and over 20 authoring systems have been designed and built
in this time. We will present some of the main authoring systems that currently exist in
the present section.

Generally speaking, ITS ‘authoring tools must have features which enable an ITS de-
signer to create each of the four ITS components—the domain module, the learner
module, the pedagogical module, and the learner interface. Typically, the interface is

the component that warrants the most attention, since it can be very time consuming to
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create a multimedia interface from scratch for non-programmers. For this reason, the
customization of the ITS interface has been a priority in most authoring tools, and most
have very sophisticated interface design features that enable the creation of a variety of

exercises and activities (Murray, 1999). |

Models of domain expertise, however, are often less complex, permitting authors to
represent domain knowledge in a single manner, for instance via symbolic (factual),
conceptual, and procedural items, but rarely more than one type (Murray, 2003). Fur-
thermore, the vast majority of authoring tools for ITS include a pre-defined tutoring
model, which is hard-coded into the system and cannot be modified by the author, be-
cause being able to do so renders the quantity of potential learning scenarios to be too
high. Finally, almost all authoring tools that we have encountered use an overlay stu-
dent model, i.e. one that compares learner progress with the domain module according -
to one or several dimensions, since this is the simplest way to represent the learner’s
progress, with the notable exception of Demonstr8, an authoring system with a more
complex learner model which makes it possible to simulate learner behavior by track-
ing different aspects of the learner’s knowledge state and devélopment, and using them

to construct a more holistic representation of learner progress (Murray et al., 2003). V

In a paper written in 1999, Tom Murray presented a summary and analysis of the do-
main of authoring systems for ITSs (Murray, 1999). He carried out a categorization and
characterization of the different types of authoring systems that exist and the techniques
that are used in each one. He then updated this paper in 2003, with a more up-to-date
state of the art and the addition of new authoring tools (Murray, 2003). While part of
both of these articles is dedicated to the various types of authoring tools that exist, such
as shells (generalized frameworks for building ITSs without additional tools to help
non-programmers), as well as categories of authoring tools that are dedicated specifi-
cally to curriculum and course sequencing and simulation and equipment training, we
'v_vill focus in our éveryiew on the category of authoring tools that are of interest for our
research project specifically, which are expert systéms and cognitive tutors, since this
is the type of tutoring system that we aim to design ourselves.

Authoring tools for cognitive tutors must have some key characteristics — for instance,
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the capability of building a fine-grained cognitive model of the student’s knowledge to
compare it with the expert model and therefore trace the learner’s progression. They
can also optionally have the option to include buggy rules or an error catalog to capture
common learner errors and enable the system to give feedback specific to those errors.
Therefore, most authoring tools for cognitive tutors function by showing problem so-
lutions. For instance, this is the case of Demonstr8, which allows authors to build an
expert problem solver by demonstration the solution of a problem (Blessing, 2003), or
else via demonstration and/or rule declaration, which is the case with CTAT (Aleven
et al., 2006). - |

Another factor to be taken into consideration in an authoring tool is the type of knowl-
edge and tasks which the ITS targets, since authoring tools typically tend to be limited-
to explicit knowledge types such as facts, concepts, and procedures (see Section 2.2.4),
with each type of knowledge corresponding to a method within the ITS. For instance,
_ facts can be taught with practicé and mnemonics, whereas procedures with step-by-
step instruction, and concepts with examples and analogies (Murray, 2003). These
types of exercises and activities should be easy to develop using an authoring tool, with
 templates for examples, steps, definitions, etc., which can be filled out by the author.
‘However, to our knowledge, there are no ITS authoring tools that are dedicated specifi-
cally to ill-defined domains or implicit knowledge, because these require a much more
- complex interface with more factors and subtlety in defining and representing domain
knowledge. For instance, an authoring tool allowing to design an ITS in a domain such
as art would need to contain more than templates or step-by-step tutorials, but must.
also be able to judge the style or inspiration of a work produced by the learner, which
is very hard to author due to its subjective nature. For this reason, existing authoring
tools tend to target more formalized domains, such as math and science.

Overall, while there are seemingly many authoring tools that exist, most of them are
in-house programs created by research teams for their private use. Very few of them
are freely available and sufficiently up-to-date to be used by a researcher that is not
affiliated with the institution that created the tool. We believe that more work should
be carried out in order to make open access ITS authoring tools that can be easily
used by non-programmers, and that this kind of authoring tool may just be what is
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needed to springboard ITSs into the limelight and make them more popular for learners
worldwide. We will discuss this topic in more depth in Section 5.7 of the Discussion,
along with other factors that we believe are hampering the widespread usage of ITSs.

2.2.6 ITS in Language Learning

Since the beginning, ITSs have been applied in a variety of domains and contents.
Although the first ITS were designed primarily for scientific and mathematical do-
mains (Buchanan and Shortliffe, 1984; Corbett and Anderson, 1992; Jean et al., 1998),
in recent years more and more ITS have been designed to cover “ill-defined” domains,
such as reading and writing (Heilman et al., 2006; McNamara et al., 2014), debate and
argumentation (Easterday et al., 2012) and even music (Angelides and Tong, 1995). In
this section we will discuss the ITSs that exist in the field of languages, an area which,
despite its ubiquity and importance in the education system, remains a challenge for
educational technologies. '

The specificity of ill-defined domains, such as art, language, music; etc., is that often the
traditional solutions prdposed by the ITSs do not apply to them, or have to be adapted
in a significant way to take into account the nature and speéiﬁciﬁes of the domain. Fre-
quently, the learning tasks for ill-defined domains have many possible solutions and
no singlé correct one, and there are often several theories to describe the domain. IlI-
defined domains also often contain many open or abstract concepts, which do not lend
themselves easily to traditional teaching methods and vary greatly according to the
learning context (Fournier-Viger et al., 2010). In our case, the lingﬁistics domain is,
by its nature, ill-defined, since there is no single theory that underlies it and since the
nature of the phenomena described can vary enormously in different languages, and
since teaching methods can vary enormously depending on the context.

In the last few decades, a considerable number of AIED research projects have at-
tempted to address the challenge of language learning, especially for foreign-language
learners, using Computer Assisted Language Learning (CALL), with varying results
(Chanier, 1994; Heift, 2003; Holland et al., 2013). Very few of these initiatives have
reached a sufficient level of complexity to be functional in situ, but several systems
stand out: Robo-Sensei (Nagata, 2002, 2009), E-Tutor (Heift, 1998, 2003), and ABRA-
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CADABRA (Abrami et al., 2008; Savage et al., 2010). All of these systems have com-
plex structures that allow them to intelligently track the learner, while presenting the
content incrementally, based on the learner’s progress. . We will describe them in the

present section.
Robo-Sensei

Robo-Sensei is a system for teaching Japanese which, through a total of 24 lessons,
presents learners with interactive exercises and feedback according to their perfor-

mance. The system refers to existing Japanese textbooks to enable learners to complete
| learning activities andj to seek additional support when need_ed; The ITS also contains
a lexicon of words to be taught, a morphological generator, morphoiogical and syntac-
tic parsers, and an error detection system coupled with a feedback generator (Nagata,
2002). Robo-Sensei employs advanced Natural Language Proceésing Techniques to
identify known and unknown characters, to pinpoint errors, ‘and even to rank -errors
depending on their type, making it an advanced learning system for a complicatéd lan-
guage, and one of the rare adaptive language learning systems that exist.

- Although Robo-Sensei is a standalone system, it was designed to serve as a basis for
_an online Japanese CALL textbook that would be capable of providing immediate, per-
sonalized feedback to learners’ exercises. It therefore lacks certain outer-loop charac-
teristics, notably that its activity order is fixed and the learners must complete all of the
activities, notwithstanding the progress they have made and the knowledge they already
have. ‘Despite these shortcomings, Robo-Sensei has been 'applied for years in the San
Francisco school board, with high-performing results and appreciation by both teach-
ers and learners (Nagata, 2009). It could therefore serve as the basis for creating a full
ITS based on its exercises and tutoring structure, one that would integrate an outer loop
defining the order of activities to be presented to the learner based on their performance.

E-Tutor

E-Tutor, on the other hand, uses a much more traditional architecture for ITS, with a
domain model, an analysis model, and a “filtering” model (which together correspond
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to the traditional ITS pedagogical model), as well a learner model (Heift, 1998, 2001,
2003). This system aims to teach German to non-native learners, giving specific feed-
back based on the errors made by the learners. The system also has the ability to filter
errors in order of importance, allowing it to focus on larger errors according to an order
of magnitude defined by the teacher or by the content being taught. This is important
because it reflects a modeling of correct and erroneous knowledgé, allowing for more
targeted monitoring according to the expectations of the context (Heift, 2001).

‘The E-tutor approach is. notably based on generality, meaning that the native language
of learners does not matter, but the individualization is achieved jnstead via a dynamic
learner model that saves learner sessions and updates their knowledge in real time in
~ order to be able to provide personalized_ feedback messages and, most importantly, to
ensure outer-loop functionalities ‘by providing remedial tasks based on the learner’s ex-
isting progress. To our knowledge, E-tutor is the most advanced language ITS that
exists to date, and it is used in manyvclasses. in Germany in.order to teach immigrants
within the school system (Heift, 2003). ' '

ABRACADABRA

ABRACADABRA is the most recent tool of those that we discuss in the current section,
and is also the one that is most fitting to our research context, since it has been devel-
oped by Canadian researchers for both English (Savage et al., 2010) and French ‘(Long
and Brodeur, 2016). ABRACADABRA is a web-based literacy intelligent tutor, aiming
at teaching reading and writing to various levels of learners, from children to parents
and even professionals and educators. Its activities are based on research in language
didactics, reading fluency and reading comprehension, with a total of 32 types of ac-
tivities and 17 stories for different levels of learners, which are selected based on the
_learner’s profile and progress. '

ABRACADABRA is unique because it tackles the issue of language learning based on
extensive fundamental research in language acquisition, as well as integrating princi-
ples of interface design and instructional design. It is also free for all to download and
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use from on the Internet®, resulting in its extensive usage, notably in Canada. While it
is not an ITS strictly speaking (at least according to the double-loop requirement that
some researchers adhere to), its activities are dynamic and adaptive to learner progress,
with modules designed to targét spéciﬁc skills and to guide learners to progress from
. simple sound and letter identification tasks to increasingly complex activities such as
spelling or story interpretation. ' '

While the development and evaluation of ABRACADABRA is a cyclical process (sirrﬁ-
lar to DBR, our own methodology) and it is still currently ongoing, interme_diate results
‘have suggested that its programs have qualitatively a positive effect on kindergarten
children’s phonological develop_ment and reading skills (Comaskey et al., 2009) and
that it can also effectively support students at risk of reading and attention difficul-
ties (Deault et al., 2009). Since 2016,' a French version ofr ABRAVCADAB'RA exists,
also déveloped by Canadian researchers to meet the needs specific to the Canadian
learning context (Long and Brodeur,.—2016). The activities and texts of the English
version of ABRACADABRA were therefore adapted and modified to corréspond to
French-speaking learners and teachers. While no evaluation results of this new version
exists, we believe that due to the time and effort that was put into its conversion to be
promising with regards to its success and look forward to seeing its effect on franco-
phone students. - ' | .

By studying the existing systems more closely, both in terms of language‘ teaching
specifically (in the case of Robo-Sensei and E-Tutor) and for the teaching of linguistic
and metalinguistic knowledge (ih the. case'of ALEXIA and ‘Ouvrir le dictionnaire”),

- we can identify important elements that make these systems efficient and responsive to
the needs of their audience and their target context. These important criteria are: the
adaptability of the system, the interactivity of its learning activities, the simultaneous

| presentation of well-designed visual and verbal material, specific feedback targeting
the errors produced, and a sound theoretical base that the system is based on. These are
all things that we aim to implement in STI-DICO. '

Furthermore, in our opinion, what is lacking in the field is an ITS that targets not

Shttp:/ grover.poncordia.ca/abra/versionl/abracadabra.html
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the pupils but the teachers-in-training, who are best placed to remedy the problems
of their pupils across multiple generations. An ITS targeting teachers needs to be more
advanced, more anchored in the theory of the target domain, taking into account the
progress that teachers have made during their studies. Finally, it is also necessary to
design an ITS that makes direct links between user errors and the skills and knowledge
missing, in order to trace the causes of the errors and to propose a truly adapted and
intelligent learning path. While rﬁany ITSs contain a cognitive model and use it to carry
out their cognitive diagnosis, we are not aware of any ITS where this model is empiri-
cally validated and based on cognitive task analysis, which is the appr_bach that we use
in the creation of our ITS. We will further elaborate on its design 'proéess in the next
chapter. |



CHAPTER III

. METHODOLOGY

" This chapter aims to present the methodological framework of our doctoral research.
. First, we present Design-Based Research Methodology, the underlying iterative ap-

Aproach for the totality of our research project. Subsequently, we present each of the 4
 iterations of our project, its results, and the approach or protocol used to obtain them.
The final results of the iterations are briefly summarized in the present chapter, but are
presented in more detail in Chapter 4. '

3.1 Design-BaSed Research

The research methodology that we have chosen for our research project, Design-Based
‘Research (DBR), emerged at 'the‘ end of the 20th ‘century and was conceived as a
methodology made for and with educators who seek to increase the impact of their
~ “research results on existing educational practices. Originally conceived by Ann Brown
(1992), this method stands out frorn .other methodologies due to several characteris-
tics: first, it is an approach that is situated in an authentic educational context, which
reinforces the validity of its research results and ensures their applicability in a chosen
context. Furthermore, DBR focuses on the design and evaluation of a meaningfui in-
tervention via a series of iterations, starting with an assessment of the specificity of the
local context, supported by relevant literature, and concluding with a tool or prototype
designed to have a specific impact on the target problem. Finally, DBR requires close
collaboration between researchers and practitioners, aiming to bridge the gap between
research and practice by consulting experts from the field and focusing on the practical
implications of the tested innovation (Barab and Squire, 2004).

The ultimate goal of DBR in education is “fo inquire more broadly into the nature of
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learning in a complex system and to refine generative or predictive theories of learn-
ing” (The Design-Based Research Collective, 2003, p. 7). It aims to create models (not
software or direct applications) that will address global issues in learning, which will
ultimately be evaluated through a rigorous and reflective process. According to Thomas
Reeves, one of the founders of the methodology, a DBR research project aims to solve
real and current problems while establishing design principles that can be used in future
decision-making by researchers in other application contexts (Reeves, 2006).

DBR is composed of 4 major interconnected phases (as can be seen in Figure 3.1):
. (1) analysis of the problem; (2) development of solutions to the identified problem(s);
(3) iterative cycles of testing and refinement of thé solutions; and finally (4) reflection
on the proposed solution and production of design principles that are generalizable be-
yond the particular context of reseaich (Reeves, 2006), the whole process subtended
by cyclés of problem and solution refinement. A DBR protocol can therefore combine
quantitative and qualitative methods and techniques within its iterations, 'giving rise to
" research that facilitates the anchoring of research results in practicé. DBR has notably
been used in the field of distance learning (Wang and Hannafin, 2005) and educational
, technologies (Amiel et al., 2008; Savard, 2014) to produce educational tools that inte-
A grate elements of the specific context of learning as well as the rcquilféments of their

users.
Design Research

Analysis of i Development of fterative Cycies of Reflection to
Practical Problams Sotutions Testing and Produce "Design
by Researchers Informed by Refinement of Principles” and
and Practitioners Existing Design ‘ Solutions in ‘ Enhance Sclution
in Collaboration Principles and Practice Implementation

Technological ’

i Innpvations

) T T

Refinement of Prablems, Solutions, Methods, and Design Principles

Figure 3.1: A Presentation of the 4 Iterations of the DBR Methodology, from (Reeves,
2006) ‘ ,

We find that DBR is a particularly suitable methodology for our research project given
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the fact that we aim to produce a concrete product (i.e. a prototype of STI-DICO),
while putting particular emphasis on its fundamental ramifications. Furthermore, what
interests us above all is the study of dictionary consultation as a cognitive process and
the modelling the skills, concepts.and knowledge that it mobilizes. To this, we add the
contextual factor of our project: the fact that we are addressing future French teachers
specifically in Québec, given the particular linguistic and sociologica1 environment that
schools find themselves in, as well as the tools and content availéible to them. ’

The iterative nature of DBR is véry appropriate for the conception of an ITS, since
it is not a run-of-the-mill software that is designed in terms of usability and perfor-
mance, but rather a complex tool that must take into account different aspécts of the
learner, the content, and the leaming procé_ss (Rau et al., 2013). Designing an ITS by
iterations somewhat simplifies the design process since it enables addressing different
factors with each iteration. Also, the _reSult of one iteration serves as the input for the
subsequent iteration, improving the end product incrementally and ensuring that all of
its parts have been evaluated separately and tbgether, similar to the AGILE approaches
often used in software development. Also, this contributes to the transferability of the
- results, since both the project’s fundamental and applied results can also be extended
to apply to other contexts. All of these factors motivated our initial.choicc of DBR as
our methodology, a choice that was only strengthened during the course of our project,
since DBR enabled us a lot more flexibility and complexity than other methodologies.

3.2 Meth(;dological Approach

The methodological approach of the present research project consists of producing and
testing hypotheses while deveIoping the design of an ITS prototype that is strongly
- anchored in the empirical context of its épplication. Each iteration of our project there-
fore includes an advancement in the complexity of the system being tested and of the
theoretical knowledge which undetlies it. Our methodological approach is inspired by -
the DBR methodology and sustained by the 4C/ID (Four Componeﬁt/Instructional De-
sign) model (Van Merriénboer, 1997), which provides a more applied framework to our
development process. Our approach is also coherent with our vision-of authentic and
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situated learning, anchoring learning tasks provided in our ITS firmly in the environ-
ment where they will be later applied.

Intermediate Steps Results Validation Technigues

- Analysis of the Québec teaching context | 40-page document including research Jury validation {n=6}
" - Literature review hypotheses, methodology and predicted | with ‘A" grade

- Formulation of research hypotheses résults

-Choice of methodology

alidation by experts -

Version 1: Cognitive model based on gnitive model of dictionary skills an

existing research and consolidated with knowledge with: - {n=3}
" Ministry documents - 25 key concepts taken from the GTN

Version 2: integration of the model with | ontology

the GTN ontology - | - 125 skills divided in to 4 levels

Version 3: Model restructusing
Version 4: Standardization

- Preparation of an analytical Think Aloud | - Audio and video recordings of validation via a Think
protocol . participant fasks Aloud protocol {n=6}
- Think Aloud experimentation -Grids completed with skill tracking '
- Trénscripﬁon and analysis of results -Behavior graphs representing solution

paths of each task

Phase 1: Development of [TS architecture | Functional prototype of STI-DICO with 4 | - validation of the

Phase 2: Choice of authoring tool modules and a total of 20 learning architecture with an
Phase 3: Design and development of ITS | activities expert in computer
components ' science {n=1}
Phase 4: 1T5 validation - Validation of the

: - prototype with target

learners {n=3)

Figure 3.2: A General Overview of the Four Iterations of our Research Project

Figure 3.2 provides a general overview of all of the iterations. For each of our 4 it-
erations, it outlines the process, the results, and the-evaluation techniques used in the

iteration.

Our research project has 4 iterations: (1) a literature review and an analysis of the
needs of the application context, (2) a theoretical modeling of the lexical knowledge
and skills necessary for dictionary consultation, (3) a validation of the model via an
empirical think aloud protocol with dictionary users, and finally (4) the development of
the architecture and prototype of STI-DICO, a complex ITS with several modules and
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components, as well as an interactive user interface.

In coherence with the DBR approach, the result of each iteration of our project serves
as the starting point for the subsequent iteration, and whereas our first iterations devote
more time to the analysis of the context and to the formulation of research questions
and perspectives, our later iterations are more centered on the development, reflection
and refinement of design principles and the development of our ITS prototype. We will
present each iteration in the current section. '

3.2.1 Iteration 1- Study of the Context of Application

While the stairting point of many research methodologies is an overview of the field
and research already undertaken, the startihg point in DBR is the identification and
exploration of a significant educational problem, which then becomes the focus of the
research project. It is the creation and evaluation of a solution to this problem that be-
comes the key element of the study (B annan-Ritland, 2003; Herrington et al., 2007).

In order to remain faithful to the spirit of the DBR, the research probleni must be stud-
ied exhaustively and its relevance must be corroborated by practitioners of the field and
refined with an empirical study, which also serves to refine initial hypotheses and ori-
ent the design 61‘ the prototype. Having completed our literature review, we therefore
consulted researchers whose research domain was the education of French teachers in
Québec, in order to concord our results with the concrete context of the Québec educa-
tional system. Finally, in order to better define the scope of our project and its results
and implications, we formulated our hypotheses, research objectives and projected re-
sults in a 40-page report, which was presented to and validated by a jury of experts. We
will present these results and their validation in the current section.

3.2.1.1 Tteration 1 - Literature Review

The main reference work that we used to guide us while carrying out our literature re-
view was Herrington et al.’s 2007 article regarding DBR (2007), aimed specifically at
graduate students. The advantage of this work is that it makes concrete p,afallels_ be-
tween the steps and phases of DBR and the elements of a doctoral dissertation. This
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was immensely helpful for us because generally DBR is a methodology that fits best
with large-scale research projects, both in terms of time and resources, while a PhD
project is limited in both cases. Therefore, this above provided us with much-needed
guidance regérding how to scale down the séope of DBR to better fit a doctoral timeline.

In their article, Herrington et al. state: “The literature review process is critical in
design-based research because it facilitates the creation of draft design guidelines to
inform the design and development of the intervention that will seek to address the
identified problem [...] Inherent in the literature review is the identification of the con-
ceptual underpinnings of the problem in order to assist the researcher to understand
and predict the elements of a potential solution”(Herrington et al., 2007, p. 6)." The
literature review therefore has a double function in DBR: beyond simply stating the
state-of-the-art progress made in the field, it must also be used to identify a gap and
propose a solution to bridge this gap. '

In the case of our research project, the areas of research that we had to cover were
several: apart from the domain of lexicology, there was the domain of dictionary stud-
ies and lexicography, which led us to reflect upon the process of dictionary design and
consultation, and especially the ways in which these were changing with the advent
of electronic dictionaries. Furthermore, our literature review also covered the more
technological aspect of this, both in terms of the existing tools and progress made in
teaching dictionary skills, but also for existing ITSs that cover similar content to our
own. We also carried out interviews with experts from the different domains of knowl-
edge covered in our literature review. The key elements of this review are presented
in Chapter'2 and were used as the foundation of our skill and knowledge model in
Tteration 2. |

32.12 Analysis of the Québec Teaching Context

While part of our literature review certainly touched upon articles ‘written in Québec,
and ones that addressed issues specific to the local context, we found that the existing
research did not give us all of the information that we needed in order to adequately
define our research project. For this, we turned to a project that was being carried out
by Tremblay and colleagues at the same moment during which we were working on our
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own research. We contributed to the project’s early phases in 2014, in terms of hélp—
ing Tremblay carry out a literature review regarding existing research of questionnaires
on dictionary use (Taylor and Chan, 1994; Siegel, 2007; Gavriilidou, 2014), and were
therefore aware of its progress throughout 2015 and 2016. The project consisted of a
questionnaire given to a group of 300 primary and secondary teachers in Québec aim-
ing to find out their attitudes and opinions regarding dictionaries, as well as to glimpse
their classroom and at-home practices in terms of dictionary use.

Preliminary results from the project showed that both primary and secondary teach-
ers have positive feelings towards both paper and electronic dictionaries, and that both
groups consider themselves qualified in teaching the use of the dictionary. Further-
more, in terms of the value that teachers attribute to dictionaries, teachers agreed with
the fact that dictionary use contributes to developing students’ written skills. How-
ever, the questionnaire also found that most teachers devoted little time and effort to
explicitly teach dictionary use, and that both students and teachers were only aware of
‘basic’ (or traditional) dictionary uses, such as looking up definitions and synonyms
and constituting vocabulary lists and that they do not often venture in more complex
(or enrlched) usages, such as looking up 1d10ms or collocations.

While the final results of this questionnaire were not yet available at the time of writing |
this dissertation, the preliminary results that we had access to already gave us a fairly
good idea of Québec teachers’ dictionary usage and habits. For instance, the project
found that 42% of the teachers surveyed had access to an electronic dictionary. This in-
dicates that it would be a good idea to focus on this dictionary for subsequent iterations
of our research project, since teachers could easily practise the skills acquired from our
ITS using the dictionary of their choice. Furthermore, the fact that teachers thought
that they were skilled in dictionary usage, while only demonstrating ‘basic’ dictionary
skills led us to believe that it would be best to focus on the enriched dictionary usages
in the activities and tutorials proposed in our ITS. Finally, the teachers’ positive attitude
towards dictionaries was also a good sign for our research project, since it indicated that
a tool that we came up with that could help teachers better use the dictionary would be
more easily accepted.
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3.2.1.3 Defining the Scope of Our Research Project

Having carried out these two initial, analytical, steps of Iteration 1, we followed up
- with the developmental step, i.e. the description of the theoretical framework and prin-
ciples and the description of the proposed intervention that will result from our research
project. This was carried out in a 40-page report entitled “STI-DICO: un systeme tu-
toriel intelligent pour la formation en didactique du lexique chez les futurs maitres au
primaire, Une proposition de recherche doctorale”. This document presented the re-
search quéstions, literature review, and methodology of our research project, as well as
its projected results and timeline. Its writing gave us the opportunity to analyze and
integrate what we gleaned from our literature review with the context that we identified
in order to formulate our research questions and hypotheses, and plan out each iteration
of our research project. o

The report that we created was a presentation of our research project, including our
hypotheses, objectives and predicted results, supported by a brief literature review. We
also defined the four iterations of our project and what each iteration would include in
terms of intermediate steps, results, and evaluations. The report also included a ten-
tative architecture of our prototype and a description of its features and functioning.
Finally, a section of it was dedicated to describing the limits of our solution and re-
flecting upon the overreaching application of our results. The resulting document was
presented in front of a jury in March 2015, and was well received by the jury,' with an
overall ‘A’ grade attributed. The full evaluation document produced by the jury can be
found in Annex A, but in summary the jury’s cbmments evaluated the report and the
presentation as clear and coherent, with a good coverage of the subject and a good level

of integration of both computer and cognitive science.

The jury’s critical comments consisted of modifying Iteration 4 as it was planned in our
methodology (the initial version consisted of a full evaluation of the cognitive diagnosis
functionalities of STI-DICO, a venture that_ was judged too time-consuming and diffi-
cult to carry out by the jury), as well as more motivation regarding the choice of DBR
as a methodology. We fully took into account both of these suggestions in the subse-
quent progressioﬁ of our research project, since the previous Iteration 4 was replaced
by a much Iightef evaluation of the STI-DICO prototype, aiming to evaluate the per-
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formance of its inner and outer loop instead of the scope of its cognitive diagnosis (see
Section 4.4.5). As for the motivation of our choice of methodology, we were brought to
further reflect upon our choice and to formally motivate it, a reflection that document
in Section 3.1. We present the jury’s suggestions and the subsequent modifications that
we made to our project in more detail in Section 4.1.5.

3.2.1.4 Presentations and discussions with peers and experts

Some of the results of our literature review and context analysis were presented in the
following article: - '

Tremblay, O.; Anctil, D. et Vorobyova, A. (2013). Utiliser le dictionnaire efficacement:
une compétence a développer. Formation et profession, 21(3), 95-98.

3.2.2 Tteration 2 - Cognitive Model of Dictionary Skills and Knowledge |

The second iteration of our project consisted of creating a model of all of the concepts
and skills mobilized during the process of dictio’nary consultation. While there has been
extensive research carried out regarding the steps involved in dictionary usage and the -
skills needed for it to be successful (see Section 2.1.3), we found that there was a lack
of cognitive fepresentation of the consultation pfoCess and its components, especially :
regarding the fundamental concepts mobilized during the process. For this reason, we
decided to create a model of dictionary skills and knowledge and evaluate it with sev-
eral experts from different linguistic fields. |

This model has a double role to play - on the one hand, it would be, to our knowledge,
the first complete cognitive modelling of the dictionary consultation process and, on the
other, it would serve as the expert model for our ITS, representing an expert knowledge
state that STI-DICO would use to track the skills that the learner has acquired and those
that they have yet to acquire. Furthermore, the structure and depth of the model makes
it transferable to other languages and other domains with minimal modification. We
will present the process of creating and evaluating this model in the current section. A
more complete presentation of the intermediate and final results of this iteration can be
found in Section 4.2.
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3.2.2.1 Creating the Model

The thought process behind the creation of our model was initiated during the liter-
ature review phase of Iteration 1 of our research project: having read and analyzed
many studies on the subject of dictionary consultation, we saw several recurring trends,
which inspired our idea to create the model. For instance, the distinction made be-
tween knowledge and skills needed for successful dictionary use, which is important
in order to better represent the complexity of the dictionary consultation process was a
recurring idea in existing research (Olivera and Tarp, 2011; Hartmann, 1999Db). - Also,
a special emphasis was placed on the steps of dictionary consultation process by sev-
eral researchers and several propositions had been made regarding what those steps -
were (Scholfield, 1982; Lew, 2013a), which also helped us structure our model.

3.2.2.2 Model Versions

The creation of the model was far from straightforwafd - it took several versions and

steps before we achieved a result that was coherent with existing research and the re-

quirements of the Québec ministry of education, as well as one whose format would

integrate well with both GTN and the architecture of our ITS. This is coherent with the
e S < w
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DBR framework, in which there can be miuitipie steps (or imiii-iter: tu 1S) W 1uun an

iteration, resulting in a more complete final output.

Here are the versions of our model, which can all be found in Annex B:

e Version 1.0. This initial version of the model consisted of making a comprehen-
sive list of all of the knowledge items regarding dictionary consultation that we
highlighted during our literature review, as well as all of the items from two key
ministerial documents (“Progression des apprentissages au primaire et au sec-
ondaire” and the “Programme de formation de I’école québécoise’) that-men-
tioned dlctlonary usage, in order to stay coherent with our application context.
This initial list, merging different sources of information, was unstructured but

extensive.

e Version 2.0. In order to create the fundamental grounding of our model, we
selected 30 priority concepts from the GTN that corresponded to concepts that
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were solicited by skills that we had extracted in Version 1. We then established a
link between each skill and knowledge item from our model and the element or
elements of GTN that it solicits, representing the different causal and hierarchi-
cal links between theoretical concepts. This gave our model an initial structure
around the GTN concepts.

e Version 3.0. In order to further structure our model, we used Bloom’s taxon-
omy of learning objectives (Bloom, 1956) to represent knowledge and skills of
increasing complexity within the model - starting with fundamental concepts, -
followed by skills, then language 'competencies'; and finally dictionary compe-
tencies. Each concept was therefore linked to its corresponding skills and com-
petencies, resulting in a multi—iayer structure. '

o Version 4.0. The final step of creating our model consisted of standardizing its
temlinology, removing unnecessary or redundant concepts and skills, and group-
ing the remaining concepts into 4 groups, revealing commonalities. This was the
version of the model used for its evaluation, which represented complete list of .
all of the elements involved.

The resulting final version of the model, which we submitted to evaluators, had 3 key
sections: the definition of each theoretical cOnéept, a list of the associated skills and
knowledge, and links that can be made with Ministry of Education documents.

3.22.3 Validating the Model

In order to ensuré an adeqliate evaluation of the‘ model,b in coherence with the DBR
methodology, we selected three experts from different domains of linguistics, asking A
each of them to focus on a subset of the model. Expert 1 was from the field of the-
oretical/formal linguistics and were asked to focus on concept definitions, Expert 2
was from the field of lexical didactics and were asked to focus on the lexical sk_jlls
and knowledge, and Expert 3 was a specialist in written language acquisition, and was
asked to evaluate the links we established with the Ministry documentation. The eval-
uators were asked to evaluate all of the elements in the model, as well as the model as
a whole, using a Likert scale as well as with comments or suggestions.



81

‘We chose a written format for this validation because it enabled us to obtain -an evalua-
tion of each element of our model, while giving the evaluators the opportunity to leave
comments and suggestions at the bottom of each page. We also added to this docu-
ment an initial set of questions regarding the expert’s familiarity with various areas of
knowledge that we judged important to the project. We were inspired by the evaluation
approach used by Tremblay in her thesis (2009) and adopted a similar stance, slightly
modifying the questions to reflect the complexity of our model. Furthermore, using
Likert scales as well as open-ended comments/suggestions sections gave us the oppor-
tunity to analyze both quantitative and qualitative data. The evaluation questionnaire
that we used can be found in Annex B.

3.2.2.4 Restructuring the Model and Transitioning to Iteration 3

Iriitially, as we stated in previous sections, our model was structured around theoretical
concepts taken from the GTN ontology. However, following the evaluation, and more
specifically, due to the comments provided by Expert 2, we restructured the model to
emphasize the link between skills and concepts and the specific dictionary consultation
tasks and situations that mobilize them. This restructuration resulted in the creation
of learning situations in different contexts (i;e. reading, writing, text correction), each .
aimed at fostering specific skills from the mode]. We did this by categorizing which

skills and concepts are mobilized in each of the 4 contexts, while keeping the concept-
skill hierarchy establi_s_héd in previous versions. A restructured version of the model
~can be found in Annex C. A

3.2.2.5 Presentations and discussions with peers and experts

Iteration 2 made it possible to obtain a stable and validated version of the Dictionary - '
skill and knowledge model, which was also published in more detail in the following
article: ‘ | ' V

Luccioni, A., Bourdeau, J., Paquette, G. (2016). STI-DICO: un systeéme tutoriel intel-
ligent pour le développement des connaissances et compétences dictionnairiques chez
les futurs maitres. Actes de la Journée scientifique du LICEF 2016: Modélisation
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d’environnements fonctionnels.

The approach used in creating the model, as well as its various versions, were also pre-
sented at several conference presentations, notably:

Luccioni, A., (2015) STI-DICO : un systéme tutoriel inteliigent pour le développement
des connaissances et compétences métalinguistiques chez les futurs maitres au pri-
maire, VocUM 2015: Language, culture, et identité, November 2015

Luccioni, A., Tremblay, O., Bourdeau, J. (2016) La mode€lisation du processus de con}
sultation du dictionnaire via un référentiel de connaissances et de compétences dictio- -
nnairiques, Colloque Educatif Présent! 2016, Montréal, Québec, March 8th, 2016.

Luccioni, A. (2016) STI-DICO : un systéme tutoriel intelligent pour le développement
des connaissances et compétences dictionnairiques chez les futurs maitres au primaire,
84e Congres de I’ACFAS, Technologies langagiéres: points de contact entre langagiers
et leur milieu, Montréal, Canada, May 2016. | »

3.2.3 Iteration 3 - Think Aloud Experimentation

While the evaluation of our model by experts in Iteration 2 gave us an indication of its
validity, Expert 2’s comments led us to realize the ifnportahce of validating it in situ,
with participants carrying out actual dictionary tasks. This empirical experimentation, -
the object of Iteration 3, allowed us to empirically validate the skills and concepts that
dictionary tasks mobilize and carry out a cognitive task ahalysis of the tasks from our
model.

As we have stated previously, the question that guided Iteration 3 was: What are the
stéps that users follow and the skills that they mobilize while resolving reading and
writing tasks using a dictionary? In order to answer this question, we created dictio-
nary consultation tasks and we asked participants to carry them out while explaining
everything they did and thought of in a Think Aloud experiment, which we will de-
scribe in the current section. A more complete presentation of the intermediate and
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final results of this iteration can be found in Section 4.3.

3.2.3.1 Think Aloud Protocol

The TA methodology, defined by Ericsson and Simon, consists of asking participants
to carry out a series of tasks while verbalizing their thoughts and actions with as much -
detail as much as possible (Ericsson and Simon, 1987). This is accompanied by both
an audio recording of their verbalizations as well as a video recording of the actions
that they carry out on paper or on the screen of their computer. Think Aloud protocbls
have historically been used for collecting data in several fields, including engineer-
ing (Sanderson, 1990) an'd reading comprehension (Pressley and Afflerbach, 1995), in
experiments aiming to comprehend and describe which cognitive processes are present
in certain domains and during actions that people undertake.
The advantage of this type of protocol is that it not only pfovides rich verbal data re- )
garding the internal reasoning processes that take place during a given task, but also
- regarding the specific actions that are undertaken by the subjects (Fonteyn et al., 1993).
Analyzing this rich data can turn out to be quite tifne—consuming, so TA protocols of-
ten target a small s.ample of individuals, insisting on an in-depth coding and protocol
analysis of different aspects of the participants’ actions and verbalizations (Kuipers and
Kassirer, 1984). In recent years, TA protocols have thén been used in usability test-
ing of software and applications (Boren and Ramey, 2000), since usability researchers
ideally want to link what actions are taken by users Wifhin the program with what the
same users say that they are thinking or feeling with regards to the software (Nielsen,
1990). Even in other, more fundamental research, TA protocols have been increasingly
used thanks to their ability to provide an inside look into subjects’ inner thoughts and

~ reasoning processes (Comeau et al., 2008).

We decided to use this method for the study of the dictionary consultation process
because the majority of previous studies that we encountered in our literature review
employed questionnaires to gather their data, a technique that is often criticized be-
cause subjects are more inclined to report what they think that they are doihg or Whatt
they think that they should be doing, rather than what they actually do. In fact, several
researchers have insisted that the only reliable method of collecting data on the behav-
ior of dictionary users is by direct observation (Hatherall, 1984; Nesi, 2014). Other
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methods used to study dictionary use are log file analysis (Nesi and Tan, 2011), user
testimony transcriptions (Nesi and Haill, 2002) and even eye tracking (Tono, 2011).
However, there has not been, to our knowledge, a study regarding dictionary use which
~ utilizes a TA protocol to study dictionary consultation. We will describe the protocol
and methodology that we employed in the current section.

3.2.3.2 Our Think Aloud Experiment

Our study involved 6 participants with different degre‘eé of familiarity with dictionary
usage, separated into 3 groups (novice, intermediate and advanced) based on dictio-
" nary knowledge and éxperience, collected via a questibnnaire. For the experiment, we
used an electronic dictiohary, Antidote, letting our users choose which sections and
functionalities they wanted to utilize. After completing an initial questionnaire, each
participant carried out a total of 7 tasks taken from various situations of dictionary con-
sultation (reading a text, planning to write a text, improving a text, and correcting a text)
while verbalizing their thought processes and actions. We reduced investigator inter-
ventions to a minimum, only encouraging participants when they stopped verbalizing’ |
“ their actions. ' '

3.2.3.2.1 Data Collectiqn

As stipulated by the Think Aloud guidelines, we always had a minimum of 2 re-
searchers present at each experiment: one to read the instructions to the subject before
the start of each task and who encouraged subjects to continue Verbalizing, and either
one or two researchers to carry out observations using an' evaluation grid (Ericsson
and Simon, 1987). Furthermore, to try to capture the full scope of the internal cog-
nitive processes that occurred during the TA experimentation, we carried out a series
of progressive steps-of protocol analysis, in accordance with recommendations in the
domain (Kuipers and Kassirer, 1984; Fonteyn et al., 1993).

In Vivo Coding

The first step of data collection was carried out at the same time as the experiment itself:
during each of the experiments, investigators were tasked with filling out a grid of con-
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cepts and skills based on the model of skills and knowledge described in the previous
section, tallying the number of times that an item was mobilized, adding any additional
skills or concepts that were mentioned by the participant during the completion of the
task but were not on the grid. This enabled us to gather an initial set of data directly
from the source, allowing us to interpret any non-verbal signs from the participant as

well as giving us more context for their verbalizations.
Post-hoc Coding

The second step in our data collection process consisted in a second round of coding
the audio recordings resulting from the experiment using the same evaluation grid as
the in-vivo coding described above. This was carried out in order to compensate for
any losses in the initial coding, since the subjects often spoke quickly and did not take
the time to make their ideas more explicit. In order to carry out this second step of data
collection, we based ourselves on an Excel spreadsheet resulting from the first data
collection step, adding a supplementary column for post-hoc results. In the final result
analysis, we kept only the skills and concepts that were identified by a majority (i.e. at
least 2 out of 3) researchers, to compensate for eventual misidentification or confusion

~F ql-1114
ULl ON1ILD.

Audio Transcription and Step Identification

Having carried out the coding of skills, we proceeded to a detailed traﬁscription of
participants’ verbalizations, synchronizing them with the steps observed in the video
recordings in order to represent what a participant was saying at each given moment
of the task resolution process. Carrying out these two steps together was logical be-
cause it directly linked the two sides of the experiment that we were studying, i.e. what
subjects were saying (or thinking) and what they were doing. This later enabled us to
differentiate a subject who was purposefully engaging in a step (e.g. consulting the
Idiom section to find the meaning of a word combination) and one who was engaging
in the same step without knowing what they would find in that particular section.
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3.2.3.2.2 Results Analysis

The data collection steps listed above, as well as the raw data gathered during the ex-
periment, gave us a large quantity of data to work with, which we used to carry out the
following analyses:

o Calculating task and step duration - based on the time that a subject spent on
each task given to them during the experiment, as well as the time that they spent
on each step of each task, which were identified based on subjects’ actions. This
was an initial indicator of the difficulty.that subjects had with a given task or step,
as well as the ease with which they navigated in Antidote.

-o Counting the number of stepS per task - based on the steps identified, we could
gage whether subjects directly pursued the path towards solving the task, or if
they proceeded via trial-and-error and exploration. However, we avoided impos-
ing an ‘ideal’ solution path to the tasks, since we recognize that there are several
ways to approach the tasks that we gave to our participants.

e Extracting the task and step success rate - while the majority of tasks attributed
to participants were completed successfully, it was, however, sometimes the case

- that a participant abandoned a given step for various reasons, notably because
they did not find the information that they were looking for. We analyzed these
setbacks in order to identify which dictionary consultation tasks and steps were
the most problematic for users. ' B

e Counting the number of concepts cited during task completion - based on the

~ in-vivo and post-hoc coding of the concepts that subjects cited during the com-

pletion of the tasks, we could then quantify the totals_and averages cited during

the experiments, since they constituted proof of subjects’ awareness of the con-

cepts that they mobilized, a measure that we could compare between beginner,
intermediate and advanced users. o

o Calculating the number of dictionary skills mobilized during task completion -
the same analysis was used for dictionary skills: we analyzed the skills that the
participants ostcnsibly'mobilized in order to quantify their ease with the dictio-
nary and with its sections and content. .
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e Identification of solution paths - a key part of our analysis of experiment results
consisted of creating a behavior graph of the steps followed by each subject in the
resolution of each tasks (Schraagen et al., 2000). This was done to represent the
solution path that they followed and to compare the steps that were common to all
(or some) participants, and those that were only followed by a single participant.
This was such an important part of our analysis because, on the one hand, it
provided us with a visual representation of the steps followed by participants
during task resolution, and on the other, it permitted us to later design our ITS
‘to predict and diagnose common errors made by dictiohary users and to address

- them with approprlate feedback. The behavior graphs created at this step can be
consulted in Annex C.

3.2.3.3 Presentations and discussions with peers and experts -

The results of our think aloud experiment are the focus of an article currently submitted

to a peer-reviewed journal, pending review:

Luccioni, A., Tremblay., O., Bourdeau., J (submitted), Dictionary Skills in Action: a
Think Aloud Study of Electronic Dictionary Use, Submitted to the Journal of Applied

Linguistics.
The results were also the subject of the fdllowing_ presentations:

Luccioni, A., Bourdeau, J., Tremblay, O. (2016). Fostering Dictionary Use via an Intel-
ligent Tutoring System, 2016 European Conference on Technology Enhanced Learnmg,

Doctoral Consortium

Luccioni, A., Tremblay, O., Bourdeau, J. (2017). Les.compétences dictionnairiques en
action : une étude des verbalisations faites pendant le processus de consultation du dic-
tionnaire, 85e¢ Congrés de ’ACFAS, Collogue 521 - Didactique du lexique: réflexions
théoriques, ressources et pratiques, Montréal, Canada, May 2017.
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3.24 TIteration 4 — STI-DICO Prototype Creation and Evaluation

The fourth, and final, iteration of our methodology consisted of creating a working
prototype of STI-DICO, an intelligent tutoring syétem that enables French teachers-in-
training acquire the néces'sary skills and knowledge for successful dictionary consul-
tation. The creation process of STI-DICO was far from straightforward, and we will
describe it in the current section. A more complete presentation of the intermediate and
final results of this iteration can be found in section 4.4. |

3.24.1 Phase 1: Developing the STI-DICO Architecture

~ One of the greatest challénges of the implementation of the STI-DICO prototype was
to develop an architecture of our ITS that was coherent with recent trends in the field
while maintaining a solid link with more traditional ITS elements such as the 4-module
* ITS architecture and Van Lehn’s double loop adaptation. We. started this step simulta-
neously with the literature review and analysis of Iteration 1 (see Sections 3.2.1.1 and
3.2.1.2), since for the report and the jury presentation, we needed an initial version of
the future architecture of our tool: This initial version was not 'very’ different from the
~ final architecture that we adopted; however it was much more Simpliﬁed and did not
contain all of the elements that we added to the final version (see Figure 4.23).

3.2.4.2  Phase 2: Choosing an ITS Authoring Tool

Given that we did not have the necessary resources to build an ITS from scratch, we
- were brought to consider the existing authoring tool options to speed up this process.
In fact, the only two functioning, free and up-to-date ITS authoring tools that we found
were: the Generalized Intelligent Framework for Tutoring (GIFT) (Sottilare et al.,
2012) and Cognitive Tutor Authoring Tools (CTAT) (Aleven et al., 2006). We car-
ried out an in-depth analysis of the affordances and functioning of both of these tools,
comparing their different technical speciﬁcations, advantages and disadvantages.. - -- -

We present the entirety of our analysis in Section 4.4.2.2.1 - however, in short, we de-
cided that CTAT was the more logical option since it gave us the opportunity to develop
our interface in HTML (as opposed to Visual Basic for GIFT), since it is compliant with
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the Learning Tools Interoperability standard (which enabled us to eventually host the
tutor on our own server), and, most importantly, since CTAT permits the development
_ of example-based cognitive tutors, meaning that the tutor’s behavior does not need to
be defined by complex rules or programming, but can be demonstrated directly by ma-
nipulating the interface.

3.2.4.3 Phase 3: STI-DICO Development

~ “While DBR provides us with the general process to be followed in >generating priné
ciples and solutions to be applied in a context of application, it does not specify the
model to be applied while developing the personification of these principles (i.e. the
prototype produced by the project). For this reason, we chose the 4C/ID (Four Com-
ponent/Instructional Design) model (Van Merriénboer, 1997; Van Merriénboer et al.,
2002; Van Merriénboer and Paas, 2003) to guide the creation process, since it enables
_the creation a learning tool designed and implemented with both feet firmly planted
" on a solid theoretical base, but with both eyes looking towards the essential practical
“skills on the horizon of “21% century” knowledge. It is also, to our knowledge, the first
time that 4C/ID has been applied to ITS design, bringing ;cogether two complementary

approaches and resulting in a more coherent result.

The 4C/ID model aims at fostering complex learning while minimizing cognitive load,
i.e. the total amount of mental effort to be used in the working memory. While
the 4C/ID model considers the cognitive load imposed by each instructional task as
paramount to its design, it does not limit itself to only simply reducing the load, but also
considers other design factors and learning theories, notably Anderson’s ACT (Adap-
tive Control of Thought) theory (Anderson, 1993; Anderson et al., 1997). The 4C/ID.
model also privileges authentic learning anchored in specific application contexts. In
‘order to ensure a pfoperly designed learning environment and optimize learning, the
~4C/ID model requires the following four components: (a) learning tasks, (b) support-
ive information, (c) procedural information, and (d) part-task practice. We integrated
these components into the design of our prototype, letting them guide the creation of
STI-DICO. ' '
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The development of our prototype included several phrases, starting with (1) the appli-
cation of the 4C/ID Model to the content and design of STI-DICO, (2) the development
of the visual aspect of the STI-DICO interface, followed by (3):the design and plan-
ning of its 4 modules, then (4) the creation of the STI-DICO learning activities, (5) the
identification of skills and concepts mobilized, (6) the establishment of STI-DICO’s in-
ner loop (adaptive hints and feédback) and finally (7) the establishment of STI-DICO’s
outer loop (selection of learning activities).

The STI-DICO prototype is presented in Section 4.4.4. Detailed behavior graphs can
be found in Annex D. , k o

3.2.4.4 Presentations and discussions with peers and expefté

The architecture and features of STI-DICO were presented and published in the pro-
ceedings of the International World Wide Web conference in April 2016:

Luccioni, A., Nkambou, J., Bdurdeau, J., Coulombe, C., Massardi, J. (2016) STI-DICO
: a Web-Based System for Intelligent Tutoring of Dictionary Skills, WWW2016 Work-
shop on Web Science and Technology for Education, Proceedings of the 25th Interna-
tional World Wide Web Conference, Montréal, Québec, April 2016

‘As well as at the 2016 conference of the European Consortium on Technology-Enhanced

Learning:

Luccioni, A., Bourdeau, J., Nkamboﬁ, R., Massardi, J. (2016) STI-DICO : a Web-Based
System for Intelligent Tutoring of Dictionary Skills, EC-TEL 2016, Lyon, France,
September 2016. -






CHAPTER IV

RESULTS

- The previous chapter of the preseént report aimed to describe the methodology and the
iterations of our research project. The current chapter will present its results. We will
present them according the chronological order of the DBR iterations in Chapter 3: It-

eration 1, consisting of a review of literature and formulation of research hypotheses,
Iteration 2, the creation and evaluation of our skill and knowledge model, Iteration 3,

- the conducﬁon and results of our Think Aloud experimentation, and finally Tteration 4,
the design, implementation and evaluation of our STI-DICO prototype.

The following table summarizes the results of our thesis and indicatirig where they are

. located in the Annexes.

Table 4.1: Summary of All of the Results Produced by Our Research Project

Result Length Annex

Tteration 1 - Literature | 30 reports of key domain articles 68 pages N/A

Review and Hypothesis | A report analyzing the domain and propos- | 40 pages N/A
Formulation ing a solution o

' Jury evaluation of the report 1page .~ Annex A

Version 1 of the model - 2 pages Annex B

Version 2 of the model 2 pages Annex B

Version 3 of the model 2 pages Annex B

Iteration 2 - The Cog- | Correspondence between the terminology | 2 pages | Anmnex B

nitive Model of Dictio- | used in STI-DICO and that of the Québec
nary Skills and Knowl- | Ministry of Education

1 edge Version 4 of the model (Evaluation Ver- | 16 pages Annex B
sion)
Evaluation Guide Given to Experts 18 pages Annex B
Expert 1 Evaluation of the model 14 pages Annex B
Expert 2 Evaluation of the model 14 pages Annex B

Expert 3 Evaluation of the model 14 pages Annex B




93

Synthesis of all Comments and Sugges- | 6 pages Annex B
tions Given by Experts
Version of the model used for Think Aloud | 5 pages Annex C
Experimentation : -
Pre-questionnaire given before Think | 1 page Annex C
Aloud Experimentation

Iteration 3 - Think | Evaluation Grid used durlng Think Aloud | 7 pages Annex C

Aloud Experimenta- | Experimentation :

tion ' Analysis of Subject 1 (Beginner) 6 pages Annex C
Analysis of Subject 2 (Expert) 8 pages Annex C
Analysis of Subject 3 (Expert) 8 pages . Annex C
Analysis of Subject 4 (Intermediate) 10 pages Annex C
Analysis of Subject 5 (Beginner) 7 pages Annex C
Analysis of Subject 6 (Intermediate) 9 pages Annex C
Think Aloud Quantitative Data 2 pages | Annex C
Task Behavior Graphs 11 pages Annex C
Module 1 — Inner Loop 24 pages Annex D
Module 2 — Inner Loop 12 pages Annex D
Module 3 — Inner Loop 15 pages Annex D

teration 4 - STI-DICO Module 4 — Im}er Loop'.. 12 pages Annex D

Prototype Creation Module 1 — Sk}ll Deﬁn}tfon 7 pages Annex D

- . Module 2 — Skill Definition 4 pages Annex D
Module 3 — Skill Definition 4 pages - Annex D
Module 4 — Skill Definition 2 pages “Annex D

CTAT Behavior Graphs 16 pages Annex D

4.1 Tteration 1 - Literature Review and Hypothesis Formulation
4 1.1 Summary of Iteration 1

As we described in Chapter 2, the first phase of DBR consists of an ana1y51s of the
research already carried out in the domaln as well as eventual gaps in this research, .
carried out by researchers and practitioners in collaboration. This first 1terat10n, cru-
cial to the success of our project, consisted of an extensive literature review and gap
analysis, coupled with informal interviews with experts from the domain, followed by
a definition of our research objectives and hypotheses. We will describe it in the fol-
lowing section.

4.1.2 Literature Review and Gap Analysis

In order to cover all of the knowledge areas that our project relies on, we read more than
500 publications the references of which can be found in the bibliography section of the
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present thesis, and a summary of which is presented of Chapter 2. Having carried out

our literature review, we were struck by several things: first of all, that the process of

dictionary consultation was perceived as a straightforward, almost mechanical process

that simply consisted of finding the definition of a specific word within a dictionary and
- interpreting it as such in order to understand a sentence. Even in works regarding dictio-

nary usage, while the steps followed during dictionary consultation or the errors made
- were highlighted, these studies never focused on the skills and knowiedge involved in
following these steps, and the absence of which skills could cause certain errors. This
led us to put forward:the necessity of an in-depth, empirical study into the process of
~ dictionary consultation, linking practical skills with theoretical concepts thlS is how
our cognitive model of dlctlonary skllls saw the light of day.

Subsequently, after having studied all of the tools and technologies that exist for teach-
ing dictionary use, we realized that there are some needs that were not.addressed by -
the existing solutions. More specifically, there was no tool for helping users learn how
to use the dictionary in different situations (reading, writing, text_planiﬁcatidn, etc.)
that would adapt to their level and progress. While existing tools such as *Ouvrir le
dictionnaire’ are interactive and very well dééigned, they lack several things: a more
formalized approach to the content and skills to be learned, the ability to provide adap-
 tive feedback and activities suited to a learner’s level, and an evolving representation
of the learner’s knowledge throughout their Iearning process. Having formulated this
set of criteria, we realized that the tools that best meet them are Inteiligenf Tutoring
Systems, which became the prototype that we aimed to create at the conclusion of our
project;

At the conclusion of our literature review, we had a good idea of the ins and outs of
the domains that we covered, as well as of the target domain that we wanted to address
and the approach that we wanted to adopt. However, we still needed the opinion of
practitioners from the fields in order to corroborate our ideas and to make sure that we
were heading in the right direction.
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4.1.3 Expert Consultation

A key part of DBR, and one of its greatest challenges, is ensuring that the problem ex-
ploration and definition processes (phase 1 of the methodology) is undertaken in close
collaboration with a grbup of practitioners, preferably those who are intimately famil-
iar with the application domain and the target audience of the product that is being
designed. While we did not have the time and resources to carry out formal interviews
with experts, we nonetheless found it important to conduct informal discussions with
some experts who were directly concerned by our research project. This included an
expert in dictionary use, an expert in lexical didactics and teacher training and an expert
in Intelligent Tutoring Systems. ‘

The first expert confirmed that there were not existing tools for dictionary consultation
training, and suggested for us to focus on the development of specific dictionary skills
and anchor them to theoretical concepts, as bpposed to tools such as ”Ouvrir le dic-
tionnaire”, which consist simply of practical exercises with no fundamental anchoring.
Furthermore, this expert gave us the idea of creating a model of dictionary skills and
concepts that would serve as a basis for designing our learning activities, since it would
'givé us a clearly defined knowledge area that we could target.

The second expert, specialized in lexical didactics and a faculty member actively in-
volved in the teaching training program at our university, confirmed that the literature
results were coherent with their experience- that teachers did not receive formal dic-
tionary fraining and were very limited with ;régar,ds to the dictionaries that they were
able to use (often one or two mainstream print dictionaries) and the extent of their us-
-age (mostly limited to looking up the meaning of a word or the conjugation of a verb,
and not to more complex usages, like idioms or collocations). The expert had also
broached this issue in their work, and had devélop_ed a course module regarding lexi-
cology and dictionary usage, which gréatly inspired us for the subsequent development
of STI-DICO. Finally, the expert was convinced that dictionary training should become
an intrinsic part of teacher training, and that a standalone ITS could be an ideal solu-
tion for this because it was not necessary to modify existing teacher training curricula
(which would be very time-consuming and hard to carry out), but instead represented
a more informal tool that learners could use at home and which would complement the
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existing program.

Finally, we consulted an expert in Intelligent Tutoring Systems in order to confirm,
from a formal computer science point of view, that it was possible to create an ITS
for developing dictionary skills. 'We found this necessary due to the fact that most -
existing ITSs target more formal domains such as science and math, ahd_that there is
no single, well-defined approach for developing ITS for an ill-defined domain such as
lexicology, especially one that targets a specific cognitive process such as dictionary
consultation. The I'TS expert helped us define the upstream work that was necessary in ‘
‘ ofder to create such an ITS - for instance, the formalized modelling of fhe_ skills and
knowledge targeted in order to make ill-defined domains of knowledge more deﬁned
while highlighting the importance of empirical testing both before the creation of the
ITS (to validate its fundamental elements) and after its creation (to verify its function-
ality and usability). Finally, this expért gave us ideas with regards to the :architvecture
that we could use> for our ITS and the elements that were necessary to ensure that it -
would work on a computer level. We used these ideas to create the first version of the
architecture of STI-DICO, which we present in section 4.4.2.1. '

4.14 Tteration 1 Result Presentation

Having carried out the literature review and consulted experts in the field, we formal-
ized our results in a 40-page report entitled “STI-DICO : un systéme tutoriel intelligent
pour la formation en didactique du lexique chez les futurs maitres au primaire, Une
proposition de recherche doctorale”. This document was: necessary for the validation
of our research project in the scope of our PhD program. It contained our research
questions, literature review, and methodology, as well as its projected results and time-
line. The Writihg of this document was critical in ensuring that our research project was
sound, feasible, and pertinent to contributing to the existing research in the field. It also
required a systematic analysis of all of the elements necessary for the creation of our
ITS, and a profound thought process covering as much itS concrete, corriputer elements-
as their fundamental basis. '

The resulting document was our way of persuading our research supervisors, jury mem-
bers, and other experts that not only were we familiar with the literature in the target
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domains, but also that the research project that we proposed was worthwhile, viable,
and of a sufficiently high level of scientific rigor to meet the stringent standards required
for a doctoral degree.

Below are some key elements that we defined in our research proposal that are at the
heart of our research project:

Problems Identified in Literature

e Teachers play a key role in helping'students acquire the 'skiHs, knowledge and
tools that they will need later on in life. . '

e During their training, teachers are expected'to master a large quantity of concepts

and tools in a short time, often ending up with gaps in their knowledge.

e In Québec, electronic dictionaries have been targeted as-a key tool to be mas-
tered by students, yet teachers often do not use nor teach this in the tool in the
classroom.

e The successful consultation of electronic dictionaries is a complex process, re-
_quiring the knowledge of a set of concepts and the mastery of a number of skills,
which have yet to be formally defined

e In order to foster this set of skills and concepts, an adaptive, interactive tool
designed specifically for the needs of future primary school teachers in Québec
is needed.

Our Proposed Solution

The solution we propose is to develop STI-DICO, an intelligent tutorial system to train
future primary teachers to use the dictiohary. The content of this system will include
existing references in lexicology (Hartmann, 1999b; Wingate, 2004; Lew, 2013a), mod-
ules of lexical didactics courses designed to be given in the context of traditional teach-
ing (Tremblay, 2009) and GTN, an ontology of linguistic concepts (Polguere, 2010),
all integrated in a modular architecture (Nkambou et al., 2010). The resulting ITS will
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be adaptive, interactive, and designed according to the specific needs and requirements
of the Québec education system. By interacting with the system, future teachers will
not only refine, consolidate and enrich their understanding and knowledge of lexical
didactics and dictionary usage, but also be able to draw inspiration from STI-DICO
learning activities to be able to adapt them to the needs of their students later on.

The Use Case of STI-DICO

The target user of STI-DICO is a future French teacher within the Québec school sys-
tem who Waﬁts to acquire the theoretical lexical and metalexical knowledge presented
in the Québec curriculum and to develop the necessary skills needed to effectively use
the dictionary and to learn how to foster this knowledge with their future students.

Justification of our Approach

We believe in the relevance of our solution for the following reasons:

o The knowledge base of our STI-DICO will have a strong cognitive foundation
and will be based on several existing elements, such as the GTN ontology (Polguere,
2010), research on dictionary usage (Scholﬁeld, 1982; Hartmann, 1999b; Lew,
2013a), as well as on the common errors made by dictionary users (Nesi and
Haill, 2002; Wingate, 2004) and a course module in lexical didactics (Tremblay,
2009). This means that the cognitive side of the project will be well entrenched,
and our work will enrich existing research in the field. '

e Research on the impact of explicit teaching of dictionary skills indicates that tar-
‘geted teaching of these skills improves learner performance and confidence (Kipfer,
1987; B'ishop, 2001; Carduner, 2003) and has positive results on the deVe]opment
of dictionary consultation skills. ; '

o ITSs have existed for more than 40 years and have been used in various fields
of knowledge (Nkambou et al., 2010), and the use of ITS in the classroom has
shown positive effects on the learning process of its users (Koedinger et al.; 1997; |
VanLehn, 2011).
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The resulting document was presented in front of a jury in March 2015, with an overall
‘A’ grade attributed. However, the jury suggested some modifications to the scope and
target of the research project, which we will outline in the following section. The
evaluation document produced by the jury can be found in Annex A of the present
thesis.

4.1.5 Result Evaluatidn and Improvement

The jury’s critical comments were the following:

o Deleting Iteration 4: the initial version of Iteration 4 consisted of a full eval-
uation of the cognitive diagnostic functionalities of STI-DICO, validating the
knowledge transfer process between teachers and their students via a question-
naire aimed at future French teachers ‘eind an empirical validation of their per- 7
formance in the learning activities of STI-DICO. The jury judged this iteration
to be too time-consuming and difficult to carry out because of its scope and the
duration of the planned evaluation (sihce the validation had to be longitudinal).
After this suggestion, we replaced Iteration 4 by a much lighter evaluation of the
STI-DICO prototype, aiming to evaluate its technical performance as well as the

functioning of its inner and outer loops.

e Motivating the choice of DBR in more detail: We chose DBR as our methodology
because we aim to produce a concrete product (STI-DICO), while putting partic-
ular emphasis on the underlying fundamental model as well as on the contextual

' facet of our project, i.e. we want to ensure that the final product is coherent
with the needs of future French teachers specifically in Québec. Also, while the
creation of a prototype of STI-DICO is one of the research goals of our project,
what interests us above all is the study of dictionary consultation as a cognitive
process, and modelling the skills, concepts and knowledge that it mobilizes. We
believe that DBR is particularly appropriate for the design of an ITS since it sim-
pliﬁes the design process by ‘addr‘essing différent factors, both fundamental and
practical, with each iteration. '

e Adopting a more critical or self-critical attitude: While this suggestion is hard
to address concretely within the written productions of our project, the overall
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process of conceptualizing, planning and carrying out a doctoral research project
has led us to adopt a much more self-critical attitude, since it is necessary for
the process itself. In the five years of our doctoral project, we have come to
realize that it is, in fact, impossible to be entirely certain of anything, or to know
something fully, and that any knowledge we acquire is done so via the prism of
our own experiences and understanding. This has helped us become much more

self-critical and, we hope, more scientific. -

o Reflecting on the possibility of an evaluaﬁon that would involve a comparison
[with another ITS or learning tool in the same domain J: While we believe that
this suggestion is entirely valid and pertinent, we do not envisage it to be possibie
to carry out such a comparison because, first of all, there are no tools that cover
the process of dictionary consultation to the same depth as we do, and no ITS
that are similar in their coverage or functioning, so it would not make sense to
compar-er STI-DICO to a tool like Quvrir le dictionnaire or an ITS like E-Tutor.
Furthermore, we do not have the necessary time within the timeframe of our PhD
to plan and carry but a formal experiment if there were such a tool. However,
in general it would be an interesting exercise to compare two ITS that target the
same domairi, or an ITS .and a more co’nve_‘,ntional E-learning tool that addresses
the same content. But this would constitute a separate research project, one that
we will present in the Discussion of the present thesis.

At the conclusion of this jury evaluation, we modified certain aspects of our report,
as well,;as our conceptualization of our, project. The next step in the validation of our
research project was the procurement of the research protocol approval by the human
subject review board; we will describe this process below.

4.1.5.1 Conclusion of Iteration 1

At the conclusion of Tteration 1, we had carried out an in-depth literature review and
an analysis of the needs and specificities of our application context and, based on this,
* we wrote up a 40-page document including our research hypotheses, methodology, and
predicted results of our research project. This permitted us to identify that what was
lacking in the existing literature, as well as for carrying out our own project, was a
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comprehensive cognitive model of the process of dictionary consultation.

As aresult of the analyzes described above, we came to the conclusion that insufficient
empirical research exists regarding the process of dictionary consultation, including the
steps that users follow and the skills and concepts that they mobilize. Finally, despite
our extensive literature review, were also left with two questions, which would come to

orient the future steps of our project:
(1) What are the skills and knowledge mobilized during dictionary consultation?

(2) What are.thevsteps that users follow and the skills that they mobilize while resolving
reading and writing tasks using a dictionary? . '

Question (1) was the main focus of Iteration 2 of our m_ethodology,‘ which we will
present in the following section, whereas Question (2) gave rise to Iteration 3, which
we will address in Section 3.2.3.

4.2 Tteration 2 - The Cognitive Model of Dictionary Skills and Knowledge

4.2.1 Summary of Iteration 2

Our goal for creating a cognitive model of dictionary skills and knowledge described
in the current section was to clearly characterize and define the process of dictionary -
consultation, in order to be able to formally model it within STI-DICO. This process
was launched in Sprihg 2015 and took the better part of the year, with evaluations
folk_)wing in December 2015 and January 2016. The results of the evaluation enabled
us to improve the model and to transition to the following iteration of our methodology,
where we tested it empirically. The final version of the model can be found in Annex B,
-along with the results of its evaluation, both quantitative and qualitative.

422 Creation of the Model

The idea behind the creation of a comprehensive model of dictionary skills and knowl-
edge was motivated by the lack of an existing single model representing the complexity
of the dictionary consultation process, which we see as depending not only on practi-
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cal skills vis-a-vis the dictionary itself, but also on theoretical concepts which subtend
the skills on a fundamental level. There have been various studies that have addressed
the process of dictionary consultation, defining different.skills and processes that it re-
quires, which we covered during our literature review in Iteration 1. ‘

4.22.1 'Version 1.0. - Merging Different Sources of Information

In order to ensure the coherence of our model _with research in the domain, we started
out the model creation process with a ﬁne—gfained ahalysis of existing studies of dic-
tionary use, including all those referred to in Chapter 2. A recent article by Nesi (2014)
presented a time line concerning research regarding dictionary use from 1979 to the
present, both in terms of studies on dictionary design and on dictionary usage. This
presented us with the opportunity to go analyze the studies cited in order to glean
more details to build our model. Nonetheless, we mainly focused on the studies by
Nesi (1999b) and Lew (2013b) described in section 2.1.3, since We found that they_a_reA
the ones that go into the most detail regarding concrete dictionary skills and link them
to specific steps in dibti_onary consultation. ’

In order to stay as faithful as possible to the cultural and linguistic context in which
we find ourselves, which is that of the Québec education-system, we cross-referenced -
the dictionary studies with documents published by the Québec Ministry of Education
which define the knowledge that students must acquire and be able to use in during their
12 years of studies within the public school system. Two specific documents, entitled
“P_rogress%bn des ap‘p_rentissages au prihiaire et au secondaire” and “Programme de
formation de I’école québécoise”, were particularly useful to us because they define
~ both the theoretical knowledge and practical skills that need to be mastered by students
within the Québec educational system, by subject of study and by year (Ministere de
1’Education du Québec}, 2006). They also indicate the role of the teacher in helping
~ students acquire said knowledge and give examples of the sort of exercises that they
can carry out to develop it. We used these documents to narrow down the skills and
concepts that we extracted from the articles, since we were interested in only covering
the elements that our learners will apply in their teachings and in their daily lives.
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Figure 4.1: Extract of Version 1.0. of our Model of Dictionary Skills

Finally, we also based ourselves on previous work carried out by members of our
team regarding the fundamental skills and knowledge necessary for dictionary con-
sultation (Tremblay, 2009; Tremblay et al., 2003; Tremblay and Polguere, 2014). This
work nourished our model because it made us reflect on the different types of knowl-
edge involved before, during and after dictionary consultation, and ultimately helped
us define our model, the initial version of which can be seen in Figure 4.1.

A significant challenge that came up at this time was the correspondence of the terms
used across the different sources that we called upon in our work, since the terminology
used by the Ministry of Education did not always correspond to that employed by our
team, which, in turn, was different from that of other dictionary studies, most of which
were in English (whereas we work in French). For this reason, we first consolidated
the terms that we used in our documents and ensured that each term corresponded to
a single term used in the English-language articles that we studied (this was especially
the case for terms pertaining to sections of the dictionary and of dictionary articles).
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We then established equivalences between the terms we used and those used by Min- .
istry documents, which often used different terminologies depending on the targeted
audience (teachers vs. students) and the level of study (primary vs. secondary). This
establishment of equivalences was very useful to us because it enabled us to standardize
our model both linguistically and conceptually. The results of this comparison can be
seen in Annex B. . ’

Our next step consisted of defining each concept explicitly, taking elements of the def-
inition from various sources such as work by Tremblay and Polguere (Tremblay, 2009;

Tremblay et al., 2003; Tremblay and Polguere, 2014) and others (Simard, 1994; Char- -

trand, 2005) and generating our own definition, which we felt defined and explained -
the concept best given our context and educational goals. We will- come back to these
definitions in Version 4.0. of our model, but already in the early versions of the model,
describing and defining the concepts that were involved helped us target the elements -

we wanted to include. .

After the initial study described above, we presented the results of our analyses via
an Excel spreadsheet, colour coded depending on the source of the information (see
Figure 4.1). We then separated the skills and knowledge into two categories, Lexique
(the elements of knowledge regarding the structure of the knbwledge itself) and Dic-
tionnaire (those that concerned the dictionary and its functioning). While this initial
format was useful to see the different sources from which we extracted our elements,
we quickly realized that it was not sufficiently flexible to integrate other sources of in-
formation which presented, for instance, the theoretical concepts involved in dictionary
consultation. '

4.2.2.2  Version 2.0. - Linking the Model with the GTN Ontology

Our primary source for the concepts in our model was the GTN ontology, which we
have described in section 2.1.1.1. On a structural level, GTN is composed of three
types of elements: term, relation and concept, and its hierarchical structure with mul-
tiple inheritance allows for logical reasoning about concepts. For the purpose of our
project, it was important for us to make sure that our model was firmly anchored in
linguistic theory, giving our ‘practical” skills a much more fundamental basis. While
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we did not use the entirety of GTN in our model, we focused primarily on 30 priority
concepts that corresponded to the skills that we had already defined in version 1.0. in
order to establish a link between each skill and knowledge item and the elements of
GTN that it solicits, representing the different causal and hierarchical links between

theoretical concepts (see Figure 4.2).

Toncept 2
MEANING

PHRASEOLOGICAL_PHRASE
COLLOCATION
VERBAL_SURFACE_SYNTACT
RESTRICTIVE_COMBINATORL
GENRE MASCULIN
WORDFORM

REGISTRE STANDARD

DERIVATION
MEANING

SYNONYMY

ANTONYHMY

HYPERONYM
‘SPECIFIC TERM

GENRE PROCHAIN
META-COMPETENCE
META~COMPETENCE
DICTIONNAIRE IMPRIME
DICTIONNAIRE THEMATIQUE
DICTIONNAIRE DESCRIPTIF
LEXEME

RADICAL

RADICAL

MOT PRINCIPAL

POLYSEMY
DICTIONNAIRE

ENTREE DU DICTIONNAIRE

ENTREE DU DICTIONNAIRE

A Figure 4.2: Version 20 of our Model of Dictionary Skills, Including Concepts from the
GTN o .

The links that we established between concepts and skills were based on an analysis
of each skill that we cited in our model, in order to elicit the theoretical knowledge
that it requires. For instance, a skill such as “Knowing that a lemma has one literal
meaning and can have one or more figurative meanings ” mobilizes the knowledge of
several concepts: (1) lemma, (2) meaning, (3) polysemy and (4) metaphor. These are
the concepts that one must know in order to fully master this skill. This makes it a
complex lexical skill, compared to a simpler one such as “Recognizing that two words
are synonyms”, which only requires the understanding of the concept of synonymy. To
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compile this version of the model, we therefore went through all of the 125 skills that
we had previously listed and identified which concepts from the GTN ontology were
mobilized by each one. A screenshot of the result of this step can be seen in Figure 4.2-
- the first column represents the skills (colour coded according to their sources) and
the subsequent columns represent the concepts that are mobilized by the skill: simple
- skills are linked to a single concept, whereas more complex ones have links to several
concepts. The complete Version 2.0. of our model can be consulted in Annex B.

4223 Version 3.0. - Restructuring the Model

- After adding the GTN concepts mobilized by each skill in order to produce version
2.0. of our ontology, we did not feel like the version was realistic because it put skills
of different types on the same level and did not give us the opportunity to link skills
that mobilized a common concept from GTN. For instance, a skill such as "Finding
the base form of a word for looking it up” and ”Recognizing that a word can have

~several meanings” were put on the same level, whereas cognitively speaking, they are
two completely different types of skills.

It is for this reason that we restructured our model in order to highlight the concepts
themselves, putting them in the first column of the model, and defining different types
of skills and knowledge that mobilized these concepts in various ways. We were in-
“spired by Bloom’s taxonomy of learning objeotiVes (Bloorh, 1956), revised by Krath-
wohl (2002), which represents the different nature of knowledge structures mobilized
by each layer of learhi_ng. In the cognitive domain, this spans from simple knowledge
of facts, at the bottom level of the taxonomy, the creation of new knowledge in the
domain, at the top. While we do not follow the six-level structure proposed, we also
adhere to a hierarchical structure with knowledge and skills of increasing complexity,

similar to Bloom’s taxonomy.

For each of the 30 lexical concepts that we consider to be the basis of successful dic-
tionary use, we defined the following layers of knowledge and skills:

1. Conceptual knowledge: the simplesf form of knowledge regarding a concept,
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consisting of being able to define the concept in one’s own words.

2. Skill: practical application of conceptual knowledge, either by recognizing the
concept in situ (e.g. identifying a word as having been morphologically derived)
or by applying the concept in a practical situation (e.g. identifying the gender.
of a noun based on the linguistic context). This is usually carried out during the
reception phrase of language (listening, reading).

3. Language competency: application of the concept-in a practical context, taking
into account all the necessary contextual elements and speciﬁcities (e.g. employ-
ing an idiom in a phrase). This generally applied during the production phrase of
language (speaking, writing).

4. Dictionary competency: we consider this to be the most complex of the skill
levels covered by our referential because it mobilizes any of the skills, knowledge
and competencies listed above, and requires competencies specific to the usage
of the dictionary as a tool (e.g. finding the correct meahing,of a polysemous word
in a specific dictionary, taking into account the context of usage of the phrase as
well as the speciﬁcities of the dictionary itself).

Each level therefore builds upon the previous one, requiring increasing mastery of the
cbncept in question—in order to apply the concept (Language competency) one must be
able to recognize it (Skill), and in order to recognize it, one must be able to define it
(Conceptual knowledge). And in order to locate the information one needs in a dictio-
nary (Dictionary competency), one needs to both recognize a concept, be able to define

it, and use dictionary knowledge to locate the correct entry and sub-entry in a specific
dictionary. This is why Version 3.0. of our model had one conceptual level and four
skill/knowledge levels.

We also defined, for each concept, the preliminary knowledge needed in order to master
- the concept concerned. This was done based on the GTN ontology, which represents
the various hierarchical links and relations between concepts. For example, in order
‘to find the way in which one could express the strength of a cup of tea (“strong tea”
and not *powerful tea), one needs to comprehend the cdncept of collocation, realize
the need to use one in the specific context, then identify the base of the collocation (in
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this case, it would be ‘tea’ and not ‘strong’ or ‘powerful’), and finally to know how and
where to look in a dictionary to find the correct form to express the intended meaning.
We consider that this multi-level representation, linking several layers of concepts and
skills, to be a more cognitively faithful to the complex process of dictionary consul-
tation, which mobilizes different levels and types of skills and knowledge. Figure 4.3
represents a visual version of part of our model: on it, one can see the various con-
ceptual and skill levels and their interconnectedness, starting with the lexical concepts
from GTN (bottom level) to the Dictionary Competencies (top level), and all the levels

in between.
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Figure 4.3: An Excerpt of Version 3.0 of our Model

In total, this version of the model has 30 theoretical concepts taken from the GTN,
linked to 125 skills of different types. This version, Version 3.0. of our model, would
‘become the basis of the formal skill and knowledgé model which, implemented in
machine-readable format in STI-DICO, would enable the ITS to target-both specific
theoretical concepts (e.g. polysemy) as well as specific dictiohary skills (e.g. choosing
the correct definition of a polysemous word in a dictionary) via authentic learning ac-
tivities, each targeting one or several skills from the model. These learning activities
are based on existing course modules in lexicology, which have been restructured and
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extended to cover all of the skills from our model.

However, in order to present the whole of our model to our evaluators for their assess-
ment, we wanted to bring together all the work we had done, not only regarding the
model itself, but also the definitions of the concepts and how these are mentioned in
various Ministry of Education documents. This is why we made a final version of our
model, this time including both definitions and links with Ministry documents, which
we then presented to our three evaluators. We will describe this version, Version 4.0 of

our model, in the next section.

4.2.2.4 Version 4.0. - A Complete Representation of All Elements

Having carried out a significant quantity of work in the preliminary steps of the creation
of our model, including the consolidation of terminology, the constitution of concept
definitions, and the establishment of links with Ministry of Education documents as
well as the GTN ontology, our aim was to submit all of these elements to be evaluated
by experts in the field. However, in order to do this, it was necessary to convert our
model into a more ‘hufnan-friéndly’ format, to make thé task easier for our evaluators.
To do this, we compiled all of the elements we had come up with and created a docu-

ment with one page per concept, with all of its associated skills and knowledge. The
| concepts, initially presented in alphabetical order in the previous version of the model,
were now separated into 4 groups, each group sharing a common concept or theme.
We felt this gave the model more structure and coherence, compared to a simple al-
phabetical order for the concepts. For each of the 25 fundamental concepts from the
GTN that we kept in our model, we presented three elements: the definition of the
concept accompanied by examples (Part 1 in Figure 4.4, below), a list of the skills and
knowledge linked to the concept (Part 2 in Figure 4.4), and links with Ministry docu-
- ments—the knowledge listed in the PDA (Progression des apprentissages) or the PFEQ
(Programme de formation de I’école québecoise) that referred to the concept (Part 3 in
Figure 4.4). |

In this version of the model, we kept the skill and knowledge categories that we defined
in Version 3.0. (Conceptual knowledge, Skills, Language competency and Dictionary
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Figure 4.4: An Entry for Metaphor in our Model of Dicﬁondry Skills

competency), coupled with concepts taken from the GTN ontology. We made sure to
have coherent, clear definitions for each of the concepts. This was a substantial effort,
since most of the concepts that we included in our model are taken from lexicological
works such as Lexicologie et sémantique lexicale (Polguére, 2003), in which they are
formally defined using complex linguistic terminology. Our challenge was therefore

to take these definitions, coupled with others from other reference works, and to pro-
 duce our own definitions that were accessible enough for future French teachers, while
describing the concepts at hand. Furthermore, the links with Québec educational docu-
ments that we extracted were not always straightforward, since the vocabulary used by
the Ministry of Education often differed from that used in lexicological works. Another
element of creating Version 4.0. of the model was therefore ensuring that the compari-
son was valid, often by consulting experts in lexicology. The results of this comparison
effort can be seen in Annex B, which presents the various versions of our model.
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We believe that this fourth version of the model represents as much the fundamental
side of our model (i.e. the definition and link with concepts from the GTN) as the
related skills and knowledge of various levels and types, as well as the painstakingly
constructed links with the Ministry of Education program. While we do not use all of
these elements in our ‘machine-readable’ version, meaning the one that will be imple-
‘mented in STI-DICO’s domain module, all of them contributed to the construction of
the model, which is why we added them to the final version of the model that was sub-
mitted to our evaluators. This vérsion can be consulted in Annex B. We will describe
the evaluation process, as well as its results, in the following section. |

4.2.3 Model Evaluation

The evaluation of our model was a crucial step within the DBR process because it en-
abled us to make sure that we were on the right track with regards to the context of
. application of our contribution, as well as by providing us with useful ways to improve
the end product of our project. The three evaluators that we solicited were asked to
evaluate each element in the model, both using a Likert scale as well as via comments
or suggestions. The results of the evaluation were very encouraging and the processing
of the evaluators’ feedback and suggestions enabled us to further hone our definitions
and add new skills to our model, as well as to remove those that were redundant. True
to the spirit of DBR, in which the result of one iteration enables the start of another,
suggestions given by one of our evaluators led us to rework our model to better repre-
- sent the process of dictionary consultation at an operational level, structuring it around
dicﬁonary consultation tasks rather than fundamental concepts. This restructured ver-
sion was the one we used for the Think Aloud experimentation that we carried out in
Iteration 3.

4.2.3.1 Description of the Evaluation Process

In order to ensure an adequate evaluation of all of the various elements of our model,
we selected three experts from different domains of linguistics, all with 5 or more years
of experience in the Québec education systems, and asked each of them to focus on
~a part of our model: Expert 1 .on the definition of the concepts and the examples and
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specifications provided, Expert 2 on the skills and knowledge associated with each con-

cept, and Expert 3 on our links with the Ministry documentation. However, despite the

fact that we incited the experts to focus on a specific part of the model to limit the time

we asked them to spend on the evaluation, they were nonetheless free to comment or

evaluate any of the other elements of the model that they saw fit.

Along with the model itself, we also presented the evaluators with an Evaluation guide

(see Annex B). The first part of this guide consisted of a resume of our rescafch project

to help the experts understand the scope ofi our research and where the model fit in our

project. The second section of the guide presented the model itself, its utility, its struc-

ture, and the elements that constitute it, with a screen shot of an example entry to help

evaluators understand the structure of the model.

GUIDE D'EVALUATION

REFERENTIEL DE COMPETENCES DICTIONNAIRIQUES - STI-DICO

1, UNITE LEXICALE

Pas du
tout
daceord

Plutdt en
désaceord

Nien
accord nd
en
désaccord

Plutdt
d'accord

Tout & fait
d'accord

A Définition proposés

B  Compétences ef connalssances iliée‘s’

€ Lier aves documents du MELS

© Commentaires et justification de la réponse :

Figure 4.5: An Entry from the Evaluation Questionnaire

The guide was followed by the evaluation questionnaire itself, in which we indicated
the 3 parts of each entry (Definition, Skills/Knowledge, and Links with Ministry doc-
~uments) and asked each evaluator to focus on one of them. We also asked evaluators
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to make evaluations on a Likert scale of 1 to 5, starting with Do not agree at all” and
ending with “Fully agree” for every entry of the model. Below each entry of the model
was a table in which each of its 3 parts could be evaluated, followed by a space reserved
for comments and/or a justification of the answer given (see Figure 4.5). '

EVALUATION GENERALE

Pasdufout Plutdten Nienaccord Plutst = Tout3 fait

d'accord | désaccord . nien d'accord | d'accord
X . désaccord '
Je trolive que les 25 concepls du
référentiel sont nécessaires et
suffisants pour la bonne utilisation du
dictionnaire

Je trouve que les définitions des
soncepts sont pertinentes et claires

Je trouve que |a démarche de
spécification des connaissances et
des compétences est claire of

< perfinente

Je trouve gue le lien fait avec le

programme du MELS est pertinent et
bien positionné

Je trouve que le contenu esti utife
pour le fype de public auquel il
s'adresse ? Enquol ?

Figure 4.6: The General Assessment Table

‘The questionnaires, along with versiori 4.0 of the model, wete sent to all three eval-
uators via e-mail in November 2015, with answers requested by January 2016. All
answers were received on time, and several weeks were spent analyzing and summa-

rizing the results. We present the results of this analysis in the following section.

4.2.3.2 Results of the Model Evaluation

We will start by presenting the results of the evaluation of each evaluator, followed
by a global analysis of the results of all three experts. For more details regarding the
comments and evaluations, as well as an updated and annotated version of the model,
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produced following the evaluation, see Annex B.

42321 Expert 1 Evaluation

Our first expert, from the field of formal linguistics, rated themselves very competent
in Lexicology and University-level didactics, with limited competence in Lexical and
French didactics, and low competence in Primary school didactics (see Figure 4.7).

DOMAIN _ LEVEL OF COMPETENCY
Lexicology i 2 3 4 B
Lexical didactics i 3 4 5
French didacics i 3 4 5
Specific branches of French didactics i 3 4 5
University-ievel didactics 1 3 4
Primary schoot didactics i 3 4

Figure 4.7: Expert 1 Self-Evaluati'on :

~ For the majority of the model entries, Expert 1 gave favorable marks 4 or 5 out of
5) with a few notable exceptions: major corrections were proposed for the entry of
locution, hyperonymy/hyponymy, and language register.

The overall average of all definition evaluations made by Expert 1 was 4.0 (out of 5),'
and the general evaluation at the end of the questionnaire was also very favorable, with
an average of 4.5 (see Table 4.2, below). T he expert had no additional remarks to
pfopose at the end of their eValﬁﬁtion, except for the fact that they did not know the
Ministerial program sufﬁciently well in order to produce an opinion regarding the links

that were presented with it.

We 'integrated Expertt 1’s remarks into the new version of our model (see Annex C).
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Disagree

Somewhat
disagree

Neither
agree nor |
disagree

Somewhat
agree

Fully
agree

I find that the 25 concepts of the model
are necessary and sufficient for a
correct usage of the dictionary

1 find that the definitions of the
concepts are relevant and explicit

I find that the specification approach
used for the knowledge and skills is
explicit and relevant

I find that the link made with the
MELS program is relevant and well
. presented

I find that the content is useful for the
type of audience that it is destined

4.2.3.2.2 Expert 2 Evaluation

DOMAIN

LEVEL OF COMPETENCY

- |Lexicology

3 4

5

Lexical didactics

4

French didacics

4

Specific branches of French didactics

e | s o | e

Py

=3

| | oo

University-level didactics

4

Primary school didactics

N[NNI b

w (| o | @] w

| Wy

Figure 4.8: Expert 2 Self-Evaluation

Our second expert was from the field of lexical didactics and declared himself as hav-
ing high proficiency in French and Lexical Didactics, Lexicology, and Primary school
didactics as well as having intermediate proficiency in University-level didactics (see -

Figure 4.8).

Alsb, .while Expert 2 did not particularly focus on part 2 of each entry (Skills and
- Knowledge) and evaluated very little of the skills and knowledge items themselves,
their remarks were paramount to the evolution of our project in the long run. As a

matter of fact, it was Expert 2 who highlighted that our way of presenting our model

was not coherent with its nature or its utility:
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“The document that you have asked me to assess is entitled model of skills
(and knowledge, which you add to your presentation). However, the in-
troduction to consult it are lexical concepts. As a competency is generally
composed of knowledge and skills, it seems strange fo me to broach the
issue via linguistic concepts to talk about skills. When we thought about it
[in our discussion], we began by establishing the different steps of consult-
ing a dictionary before wondering regarding the underlying skills at each
step, and finally on the knowledge of the concepts that each skill requires.
Why not do the same? Is it related to rules of designing an ITS? That
sounds very like countef—intuitive_ way of presenting things. Why no_i start
from the dictionary consultation steps and establish for each one the com- -
petencies, skills and knowledge requifed ? You can then make the necessary _

connections with the [Ministerial documents].”

This comment was the genesis of a series of reflections regarding the format that we
chose for oﬁ_r model and how it can be improved. Evenfuall_y, we acknowledged that
presenting the model via the dictionary consultation steps and linking each step to the
skills and knowledge it solicits is the most logical and coherent way to do so, and that
empirical validation was necessary to validate the links between steps and skills via an

experimental protocol (see Section 4.3).

Expert 2 also made several key comments regarding the importance of improving our
definitions in order to make their format more uniform and to add a didactic element
to them, since they targeted future teachers who could later use them in the classroom
with their own students. Despite Expert 2’s (entirely justified) criticism of the format
that we chose for our model, they nonetheless pfovided a very favorable aSsessment
of both the definitions and ministerial links that we propose (with an average grade of
3.56), as well as the overall evaluation of the model and our approach, with an average
grade of 3.4 for the final evaluation (see Table 4.3). Expert 2 also provided very per-
tinent remarks about several definitions, as well as suggestions which we incorporated
into the final version of our model (see Annex C).
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Table 4.3: Results from Expert 2

Disagree | Somewhat Neither Somewhat . Fully

disagree agree nor agree agree

) R disagree ’

I find that the 25 concepts of the model : ‘ X

are necessary and sufficient for a

correct usage of the dictionary :

1 find that the definitions of the : X

. concepts are relevant and explicit

I find that the specification approach X

used for the knowledge and skills is
explicit and relevant

I find that the link made with the : _ : X

" MELS program is relevant and well | ’

presented ‘

I find that the content is useful for the X

type of audience that it is destined

4.2.3.2.3 Expert 3 Evaluation

Expert 3 was a specialist in written language acquisition, who we solicited specifi-
cally because they were involved in the formulation of Ministry of Education curricula
and guides, so they were perfectly placed to evaluate the third and final element of our -
“model, in order to ensure our coherence with the Ministry documents and gtiidelines.
Expert 3 declared themselves as having high proficiency in French and Lexical didactics
and Univers‘ity-level didactics, and intermediate proficiency in Lexicology and Primary
school didactics: A ' V

DOMAIN T LEVFL OF COMPETENCY
Lexicology i 2 4 4 5
Lexical didactics 1 2 3 & 5
French didacics 1t 2 3 4 8
Specific branches of French didactics ) i 2 3 4 g
University-level didactics i 2 3 8 3
Primary schoo! didacties i 2 k] 4 35

Figure 4.9: Expert 3 Self-Evaluation

Most of Expert 3’s evaluations of the links established with Ministry documents were
positive, with 4 and 5 out of 5, with a few notable exceptions, regarding the scope of the
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PDA (Progression des apprentissages au primaire, one of the two documents used as
Ministry guidelines) and parallels between the PDA and our skill model. Since it was
sometimes unclear as to the equivalence between the vocabulary that we used and that
used by the Ministry, it was very useful for us to hear the opinion of an expert regarding
certain terms of our model.

Table 4.4: Results from Expert 3

Disagree | Somewhat Neither Somewhat Fully
disagree agree nor agree agree
. disagree
I find that the 25 concepts of the model ’ X
are necessary and sufficient for a ’
correct usage of the dictionary
I find that the definitions of the : X
concepts are relevant and explicit : ' '
I find that the specification approach ' |- X
used for the knowledge and skills is
explicit and relevant
I find that the link made with the ’ b
MELS program is relevant and well
' presented :
I find that the content is useful for the X
type of audience that it is destined ’

Furthermore, Expert 3 highlighted the fact that what we call “dictionary skills” are not A
explicitly mentioned neither in the PDA nor the PFEQ (although both advocate the
uéage of félectronic and paper dictionaries by both teachers and students), so we were
asked to “illustrate how [dictionary skills] are articulated with regards to other skills
from the program”. Finally, it was Expert 3 who suggested that “it would be interesting
to produce a summary table with [...] the different elements of the PDA and the model
concepts to indicate the intersections between each other”, which was a useful addition
to our model — it can be consulted in Annex B. Overall, Expert 3’s evaluations were
positive, with a 4.0 average for the elements of the model and a 4.0 general average as
well (see Table 4.4). |

4.23.2.4 Summary and Analysis of Evali;ation Results

Overall, all three evaluators were positive in their evaluations and their comments with
regards to our model. While the quantitative aspect was, of course, an important part of
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the evaluation (see Table 4.5, below), the essential aspect of the evaluation concerned
the comments and remarks that were made, and it was these that we spent the longest
time on. It was very important for us to take into account all of the suggestions made
and, if this was not possible, reflect upon the comment made nonetheless. We there-
fore made an Excel spreadsheet with all of the suggestions and our actions towards
them—either taking them into account as is, or in part, or not at all. We present the

spreadsheet in Annex B.

Table 4.5: Summary of the Quantitative Evaluation Results

Item evaluated Average (standard
' deviation)
I find that the 25 concepts of the model are necessary : 4.33 (0.58)
and sufficient to describe the proper use of the dictionary
I find that the concept definitions are relevant and clear 3.67 (0.58)
I find that the knowledge specification process is clear 3.33 (1.15)
- and relevant .
I find that the link made with the MELS program is 4.00 (0.34)
relevant '
I find that the content of the model is helpful for the type 4.22 (0.58)
of audience it addresses
Average of definition evaluations N 3.96 (1.03)
Average of dictionary skills and knowledge evaluations 3.67 (0.58)
Average of link with Ministry documents (MELS) 4.29 (1.20)
o evaluations

Altogether, we took into account 57 out of 64 comments made, with the exception of
‘the 7 comments presented, which fall into three groups: ‘

e Choice of terminology : in the case of comments made regarding the terms cho-
sen to designate certain concepts (e.g. ‘racine’ vs. ‘radical’), in 2 cases, we
chose to stay with the initial terminology chosen in order to stay coherent with
the paradigm and terminology of our reference work, that of Meaning Text the-
ory (see Section 2.1._1). We are, however, aware of the choices made and of its
differences with the Ministerial terminology used; it is for this redson that we
made the summary table presented in Annex B.
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o Concepts to include in the model : while we tried to stay as inclusive as possible,
there were evidently concepts which we could not include in our model and,
inversely, others that we chose to keep, either due to the internal consistency
which they represented (for instance, that of ‘unité lexicale’/‘lexical unit’, which
is at the root of the explanation of other concepts from the model), or due to their
prevalencé in Ministerial documents (for instance, that of ‘classe de mot’, which
is very present in the Progression des Apprentissages).

. Wording bf some definitions: in some cases, y’i/e chose to keep the wording of cer-
tain definitions as is (for instance, in the case of locution, which is presented as
being “constructed around a meaning expressed by a set of expressions”), despite
criticisms by our evaluators. This was done, once again, in order to maintain co-
herency with our reference work (cited above), since it advocates the exprcssibn
of certain concepts in terms of others. B

As we mentioned previously, all of the comments provided by our evaluators were
paramount in the progression of our model, but in fact it was one of Expert 2’s com-
ments that was the genesis of the next version of our model, which we present below. .

4.2.4 Final Vérsion of our Model - From Steps to Skills

As we stated above, a key comment made by Expert 2 suggested for us to “start from
the dictionary consultation steps and establish for each one the competencies, skills
and knowledge required”, which made us reflect upon the structure of our model and
the way in which we presented it. In fact, since from the beginning, we based our-
selves on the GTN ontology and other fundamental reference works, and the approach
that we chose was to structure the skills of our model around the concepts that they
solicit. However, our evaluator had a very good point in the sense that the raison d’é&tre
of our model was to describe the process of dictionary consultation, which is a multi-
step process structured around dictionary consultation tasks. Therefore, restructuring
our model to revolve around dictionary consultation steps would be a logical way to
present the skills and concepts for the final version of the model, which is the one we
used in the Think Aloud experimentation of Iteration 3.
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In order to carry out this restructuring, we started out with 4 representative tasks of
dictionary consultation, one from each context in which we identified to be important

in using dictionaries :
® Reading a text: e.g. looking up the definition of an unknown word;

e Planning to write a text : e.g. making a word bank or word graph of terms that
are related to a topic or theme;

- o Improving a text: e.g. replacing a word repeated several times by synonyms,
hyperonyms or hyponyms; '

o Correcting a text: e.g. finding and correcting errors in terms of gender, agree-

ment, language level, etc., in one’s own text or in that of one’s pupil.

Tache t Trouver la définition d'un mot pelysémigue qui correspond a son contexte

d'utilisation en se servant d'Antidote]
Concepts & Unité lexicale
connaitre Locution
- | Vocable
Polysémie
- |Genre prochain
Métaphore
Métonymie
Compétences | Compétences métalexicales;:
mobiliser + Comprendre le systéme de références croisées et d’hyperliens entre les
sections

¢ Connailre les principales abrevxauans, enquettes et corventions utilisés
Savoir exploiter les différentes sections des e-dictionnaires
Dériver des informations utiles & partir des exemples
e Produire une définition d'une unité lexicale avec son genre prochain et ses
différences spécifiques
» Comparer une définition personnelle d°un mot 3 celle d’un dictionnaire
Compétences lexicales;: :
# Reconnaitre qu'un vocable exprime au moins un sens propre et peut avoir un.
ou plusieurs sens figurés
o Reconnditre 'emploi d'une unité lexicale appartenant 4 un vocable
polysémique
. ¢ Distinguer les unités lexicales polysémes et homonymes

Figure 4.10: The Structure of the New Version of our Model

We quickly discovered that taking a single task from each of the contexts above was
sufficient in order to structure all of our skills and concepts around. In fact, starting with
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a few well-chosen tasks, we could link all of our skills to them — we found that the
minimum number of tasks was seven: (1) finding the correct meaning of a polysemous
word given a context, (2) finding the meaning of an unknown idiomatic expression,
(3) finding the adequate collocated word to express a given meaning, (4) replacing a
redundant word by its synonyms, (5) replacing colloquial words by more formal ones,
(6) creating a word bank, and (7) correcting grammatical errors using the dictionairy.
In this version of our model, as it can be seen in Figure ??, each task is first linked
with the fundamental concepts that it solicits, and then to the practical skills that it mo-
bilizes. We kept the same skill structure of meta-lexical, lexical and dictionary skills
as defined previously, and grouped them into main skills and sub-skills if there was a
hierarchy between two or more skills (see the bullet points and sub—points in Figure ??). '

This final restructuring of our model was an important step in our project because it
not only represented a paradigm shift from a concept-based to a more authentic task-
based model, but it also gave way to the next iteration of our Design-Based Research
methodology, Iteration 3, in which we empirically validated the links made between
dictionary consultation steps and éorresponding skills and concepts. While we had nof,
initjally anticipated an empirical experimentation as such in our thesis, we soon realized
that would constitute an important contribution to our research project, supporting our |
theoretical components with concrete qualitativé and quantitative results gathered via a
Think Aloud protocol. We present this experimentation and its results in the following
section. .

4.24.1 Conclusion of Iterdtion 2

At the conclusion of this iteration, we defined a multi-level cognitive model of dictio- -
nary skills and knowledge, which is essential to our ITS because it represents the en-
tirety of knowledge that it aims to transfer via its learning activities, enabling it.to track -
learner progress via an overlay comparison with the learner model. This model was

based on existing literature in the domain and defined the process of dictionary consul-

tation holistically, from the theoretical concepts that it mobilized (taken from the GTN -
ontology) to the practical dictionary skills that it solicits. This model was then validated -
by three expérts in the domain, which made it possible to improve its completeness and
consistency and to ensure its coherence with the Québec educational context. To our
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knowledge, this is the first time that the dictionary consultation process was modeled
in such an extensive, complex manner, covering different types of skills and knowledge.

The comments of one of the experts led us to carry out a complete restructuring of our
model, using dictionary consultation tasks as the entry point for identifying the mobi-
lized skills and concepts. This enabled us to carry out an experimentation of dictionary
consultation tasks in four situations using a Think Aloud protocol, the first experiment
of its-kind, and helped us get an inside look at the concepts and skills involved in the
dictionary consultation process. This model, once validated, became the foundation
that we used for creating a series dictionary tasks, evaluating them via a Think Aloud
experimentation, and for developing the prototype of our intelligent tutoring system.
We truly believe that thanks to our model of dictionary skills and knowledge, as well as
the functional ITS prototype that we have designed, we have made a small but signifi-
cant step forward in advancing the existing knowledge in the domain and in providing
future French teachers with a useful tool to help them in their training. We therefore
consider DBR to have been a very inspiring and effective methodology in our case, and
hope to use it again in subsequent research projects. i

43 Tteration 3 — Cognitive Task Analysis Via Think Aloud Experimentation
4.3.1 Summary of Iteration 3

We used the new version of our, cognitive model resulting from Iteration 2 as the input
of the subsequent iteration of our methodology, in which we carried out a Think Aloud
experimentation in order to empirically evaluate the new version of our model. The
goal of this experimentation was to elucidate the steps that subjects take while carrying
out dictionary consultation tasks and to analyze the cognitive skills and concepts that
they mobilize while doing so. More specifically, we wanted to see whether users are
aware that they mobilize specific lexicological concepts and follow well-defined steps’
during the dictionary consultation process. We also wanted to analyze whether begin-
ner, intermediate and advanced dictionary users exhibit similar or differing behavior
during the dictionary consultation process. We will present the experimentation and its
results in the present section. ‘
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4.3.2 Planning Our Study

Due to the fact that dictionary consultation tasks are mostly carried out “behind closed
doors™, i.e. silently during the reading or writing process, a majority of studies of dic-
tionary use rely on questionnaires and interviews in order to find out what goes on
in user’s heads during the consultation process (Tomaszczyk, 1979; Bogaards, 1996;
Atkins and Varantola, 1997). However, this approach is criticized due to its subjectivity
and the fact that it can be influenced by participants’ perceptions and desire to conform
to the experimentator’s expectations (Hatherall, 1984; Nesi, 2014). While some studies
do exist that investigate dictionary usage in vivo, using techniques such as direct obser- '
vation (Nesi and Haill, 2002), analysis of log files pertaining to electronic dictionary
consultation (Nesi and Tan, 2011) and even eye tracking (Tono, 2011), we feel that
these studies are incomplete and often lacked authenticity, since they provided partic-
ipants with isolated, context-free dictionary tasks that did not always reflect real-life
consultation. - -

Since we believe authcntici‘ty to be paramount while studying the dictionary consulta-
tion process, we designed an empirical experiment which consisted of seven authentic,
contextualized tasks that require dictionary consultation, which we created along with - -
an expert in lexical didactics. These tasks represented situations that our subjects have
~ or could encounter in their daily lives, and for which an electric .dictionary was particu-
larly useful to solve. We used these tasks as the basis for a Think Aloud (TA) protocol
aiming to elucidate the skills and concepts that are mobilized during the process of
dictionary consultation. We will present this experiment, its participants, methodology
and results in the present section.

4.32.1 The Think Aloud Protocol

The advantage of TA studies is that they provide rich verbal data regarding the man-
ifestation of internal reasoning processes -in real time that-take place during a given
task (Fonteyn et al., 1993). Coupling the audio data gathered during a TA task with
protocol analysis of the actions taken by the subject, investigators can then make infer-
ences with regards to the specific cognitive process taking place during a given part of
the task solution process. In this sense TA experiments, along with many other quali-
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tative methods, seek to gather rich, complete data from a small sample of individuals,
insisting in-depth coding and protocol analysis of different aspects of the participants’
verbalizations (Kuipers and Kassirer, 1984).

4.3.2.2 Study Participants

In order to represent a variety of learner levels in our study, we selected 6 participants,
separating them into 3 groups (novice, intermediate and advanced) based on dictio-
nary knowledge and experience. The participants were between 18 and 45 years of age
and came from a variety of education levels, from high school to PhD level. In the
pre-experiment questionnaire, we asked our participants to evaluate their level of fa-
miliarity with Antidote; the electronic dictionary that we used during experimentation, 7‘
and to indicate the frequency with which they used the tool in their daily lives. We
also asked them to state their highest level of study and whether they received training
in dictionary use in the past, and we used to classify them into three categories (see
Table 4.6). |

Table 4.6: Farticipants’ Replies to the Pre-:Experiment Questionnaire

User category | Levelof | Linguistic | Dictionary | Familiarity | Frequency of -
study experi- Training with usage of
' ence : Antidote Antidote
Participant Beginner High- No No - | 3 (More-or- 2 (Oncea
1 ) school ‘ less) month)
diploma
Participant Expert PhD Yes No 3 (More-or- 5 (Several
2 less) times a day)
Participant Expert : ‘PhD Yes No 4 (Familiar) 5 (Several
3 times a day)
Participant Intermediate B.A. Yes Yes 3 (More-or- 4 (Oncea
4 o . less) day)
Participant Beginner High- No No 4 (Familiar) 3 (Oncea
5 school ‘ week)
diploma . e
Participant Intermediate PhD Yes No 1 (Not at 1 (Never)
6 _ all)

We are aware of the subjectivity of our categorization of participants, and in fact we had
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several complicated decisions, for instance whether to put certain participants in the In-
termediate or Advanced category. However, our categorization was based on several
factors, not only dictionary usage and knowledge, but also knowledge in linguistics and
overall familiarity with Antidote, the electronic dictionary that we chose for our exper-
imentation, and it was validated by the participants’ behavior during the experiment,
i.e. there was a clear difference between beginner and expert performance, with inter-
mediate participants systematically scoring somewhere between the two.

4323 Antidote and Its Usages

‘For the experiment, we used the Antidote electronic dictio.naryr 1, which has two compo-
nents : the grammar and spelling correction component, which is extremely efficient in
finding errors and can be integrated to various software such as Internet browsers and
word processing programs, and the electronic dictionary component, which includes
125 000 entries, with over a million synonyms, co-occurrences, lexical fields, expres-
sions, etc., all presented in a rich visual interface (see Figure 4.1 1, below). We gave our
participants access to bvoth‘components of Antidote during the eXperiment, although we
prioritized their usage of the electronic dictionary component, which was the principal
object of our study. However, we did not prevent subjects from calling upon the gram-
mar and spelling corrector if they so wished.

What we aimed to study in the present experiment was not Antidote usage in general,
but more specifically its ‘enriched’ usage, a behavior that goes beyond what an average
user Would be familiar with. This is due to the fact that it has come to our attention as
a result of the questionnaire given before the experiment that most Antidote users are
simply comfortable with using Antidote’s corrective functionalities and certain basic
dictionary sections such as definitions and synonyms, but a great majority of users are
not able to make use of its more complex components such as the co-occurrences sec-
tion (which provides information regarding which words are most often used together)
and its extensive search functions (including wildcard, boolean, and criteria searches),
among other more complex functionalities.

twww.antidote.info/
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Figure 4.11: A Screen Shot of the Antidote Interface
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We believe that this lack of dictionary usage and skills is linked to a more profound lack
of general dictionary skills and of knowledge of theoretical linguistic concepts which
underlie the usage of these functionalities. Nonetheless, we see that Antidote’s more
complex sections are very useful in many writing and reading situations, and believe
that they have great potential to improve writers’ texts if only they were familiar with
them. As we have mentioned in previous sections which describe our skill and knowl-
edge model (notably section 3.2.2, as well as in an article that we published (Tremblay
et al., 2003), we believe that the usage of the dictionary is dependent on the mastery of
other, more fundamental, skills. Therefore, in the present Think Aloud study, we aimed
to test both participants’ ease with Antidote as well as their awareness of the meta-
linguistic concepts underlying their usage, in order to corroborate the link between the

two.

43.2.4 Research Methodology

After completing an initial pre-experiment questionnaire (see Table 4.6, and Annex C),
we asked each participant to carry out tasks taken from various situations of dictio-
nary consultation while verbalizing their thought processes and actions. We reduced
investigator interventions to a minimum, only verbally encouraging participants if they
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stopped verbalizing their actions. During the experiment, we presented the participants
with seven carefully chosen tasks and asked them to carry out the tasks using the Anti-
dote electronic dictionary. We also tried to contextualize the tasks as much as possible,
putting the participaht in situations where they are brought to verbalize as much as pos-
sible by assigning them the role of a teacher in a primary school context.

pranes
st

% Antonymes
o sy

" Figure 4.12: Screen Shot of a Video Capture of a Participant’s Actzons During the
Experzmentatlon

For vinstance, the instructions for one of the tasks were as follows: “You are a primary
school teacher and one of your pupils comes to see you because they do not understand
the meaning of the word ‘bank’ in the sentence “The settlers built their housés on the
edge of the forest, near the bank of the river”. Demonstrate how to search for ‘bank’
in Antidote, using appropriate terms as necessary”? In the seven tasks presented to the
participants, we tried to cover different concepts and skills from our model as much as

possible, anchoring them to real-life situations.

The tasks presented to the participants during the experimentation were the following: >

2 This is a translation and an adjustment of the original French text, which used the verb “avaler”
(swallow), which is polysemic in French.
3 Again, the examples provided are translations and adjustments of the original French text.
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Task I: Finding the meaning of a polysemous word (e.g. ‘bank’)

Task 2: Finding the meaning of an unknown expression (e.g. ‘cock and bull story’)
Task 3: Finding the meaning of an idiom (e.g. ‘butterflies in stomach’)

Task 4: Replacing a repeated word with its synonyms (e.g. ‘house’ by ‘residence’,
‘abode’, etc.)

Task 5: Replacing colloquial words and expressions with more adequate terms (e.g.
‘buddy’ by ‘friend’, ‘moolah’ by ‘money’, etc.)

Task 6: Creating a word bank around a word

Task 7: Identifying and correcting errors

During all seven tasks, we recorded both the audio data of the participants’ verbaliza-
tions as well as screen video recordings of their actions, synchronizing the two in order
to capture the link between their inner mental processeé as verbalized and the actions
that they carried out. |

4.3.2.5 Data Collection

During all of the experiments, there were at least 2 researchers pfesent : one researcher
to read the instructions to the subject before the start of each task, to manage the audio
and video recording of the experiment, and to'encoﬁrage subjects to continue verbaliz-
ing their thoughts and actions; and either one or two researchers to carry out observa-
tions using an evaluation grid, which we will describe in more detail below. We found
that having several researchers carrying out observations was useful because it added
more impartiality to our results, since during the analysis of our results we were brought
to find a consensus between the results of the observations of both researchers.

In order to capture the full scope of the internal cognitive processes that occurred during
the TA experimentation as much as possible , we carried out a series of progressive steps
of protocol analysis, in accordance with recommendations in the domain (Ericsson and

~Simon, 1987; Kuipers and Kassirer, 1984; Fonteyn et al., 1993). In our case, we started
out with the following steps:

1. an initial coding of mobilized concepts and skills during the tasks themselves
using a predefined grid (see Annex C);
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2. a post-experiment coding based on audio and video recordings of the TA data,
using the same grid;

3. a transcription of key segments of the audio produéed 'by sﬁbjects during the

experiment;

4. a coding of the steps followed by users during the task and their accompanying

verbalizations.

We will describe each step of the protocol analysis method. i_ri the current section:-

43251 In Vivo Data Collection

" In order to ensure the completeness of our experimental data, we started our aﬁalysis
in vivo during the experimént itself*. During each of the experiments, two investigators
were tasked with filling out a grid of concepts and skills based on the model described
in the previous section. Each task had its separate grid, consisting of the concepts and
skills that were meant to be mobilized during the task, based on our model. The inves-
tigators were tasked with tallying the number of times that an item was mobilized, as
- well as adding any additional skills or concepts that were mentioned by the participant
dhring the completion of the task and were not initially on the grid. Figure 4.13 shows
one of the grids that we used for our experiment before it was filled out, whereas Fig-
ure 4.14 shows the grid after its _completion; it can be seen that certain concepts and
skills were added during experimentation, based on observations made of participant
behavior.

During this initial analysis, we were'able to capture not only verbalizations and ac-
tions observable from the experiment recordings, but also non-verbal information such
as pointing, which would have been hard to identify afterwards. Also, the benefit of
having two investigators doing the coding simultaneously enabled Us to comparé their
observations and identify common ground, and to avoid bias(Cohen, 1960). Once the

“We use the term ’in vivo’ in coherence with the experimentation carried out by Koedinger and
Corbett (2006), i.e. to denote experiments or quasi-experiments that strive to maximize internal validity
and ecological validity.
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Figure 4.13: Grid 4 Before Its Completion
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Figure 4.14: Grid 4 After Completion

experiment was complete, we trémscribed the results from the paper grids used by the
researchers to an Excel spreadsheet, while converting the observations into a more uni-
fied format, using a digit for the number of times the manifestation of a skill or concept

was observed (see Figure 4.15, below).
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26 :‘Cholsir ia bonne acception au sein dune en 1 1

F igure 4.15: Excel Spreadsheet Resulting from In-Vivo Data Collection

4.3.2.5.2 Post-hoc Data Collection

Having recorded the audio and video data of all of the dictionary consultation tasks, we
were able to follow up on the initial coding with a second analysis using the same grid.
This added more impartiality to the data collection process, and gave us the opportunity
to complete information missing after the initial in vivo coding. ‘

In-order to carry out this second step of data collection, we based ourselves on the Excel
spreédsheet resulting from the first data collection step, adding a supplementary column
for post-hoc results (see Figure 4.16, below). This is coherent with the DBR approach,
where even intermediate stepsbbwithin an iteration can be iterative, 1.e. one step’s output
can be used as the following step’s input. In the end, for the final result analysis, we kept
only those skills and concepts that were identified by a majority (i.e.” at least two out
of three) researchers. The result of these first two rounds of analysis provided us with
quantitative data regarding the number of times concepts were mentioned and skills
mobilized during the experiment.
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Figure 4.16: An Extract of the Excel Spreadsheet Resulting from In-Vivo and Post-Hoc
Data Collection

4.3.2.5.3 Audio Transcription

The third step of our data collection process involved transcribing participants’ ver-
balizations made during the experiment, in order to subsequently use these to.identify
their mental processes, actions, and reflections. We did this in the simplest way possi-
ble, listening to the audio recordings from the éxperiment and transcribing the salient
parts of what was said, i.e. the verbalizations that were made regarding anything the
participant was doing or thinking (see Figure 4.17, below). Once again, this was done
by two separate researchers to ensure impartiality, comparing resuits in order to reach

consensus.

This was the linchpin of our data collection process, since the key to any Think Aloud
experimentation is what the participants verbalize regarding their thoughts and actions.
While we are aware of the subjectivity of this type of result, we also believe that dictio-
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Chrono Verbalisation

26:44 <€§Dans cette partie i3, on peut trouver [..] avec quoi le
mot peur peut &fre utilisé.. ceci permet de chercher
toute une liste d'adjectifs que tu peux utiliser avec
peur... de compiéments du nom, aussi le mot peur que
tu peux utiliser avec certains verbes»

27:35 épour voir par quels autres termes tu peux remplacer
le mot peus, par exemple si tu veux amplifier le sens de
1 peur» :
28:15 «§jone un peu le méme 1ble [...] que Synonymes, mais

qui te permet d'avoir 13 un espéce de.. champ lexical,
Cest comme ga qu'on dit aux élévesh

28:07 ' <L onglet Citations pent aussi 8tre intéressant pour _
alter chercher des idées» '
29:30 ) ) . ]«§C‘est pas ce que vous demandeé»

Figure 4.17: Example of the Results of Verbalization Transcription

_ nary consultation is an intrinsically subjective process and, while we also analyzed the
observable steps that our subjects took (see section 4.3.2.5.4 below), what was of most
interest to us was what was said during task completion. As a result of this data collec-
tion phase, we had from 7 to 10 pages of transcriptions for each participant, which we
later cross-referenced with the steps that they followed and the skills that they mobi-
lized in order to paint the most complete picture of the dictionary consultation process
possible (see Figure 4.18).

4.32.5.4 Step and Skill Identification

Having completed the analysis of audio recordings of the experiments, we focused on
the video recordings, i.e. the capture of subjects’ computer screens during the exper-
iment, which contained important information regardihg the actions that our subjects
made during the dictionary consultation tasks that we asked them to carry out.

First, we collated the following information :
) the total time taken for each task;
o whether the task was successful or.not;

o the word-form entered in the search bar;
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e the entry chosen;
e the dictionary sections consulted.

Having gathered this information for all of the tasks and all of the participants, we then
proceeded to identify the steps taken during the completion of each task. For this, we
based ourselves solely on the video recordings. Based on these recordings, we identi-
fied steps such as “Opening Antidote ”, “Searching for x in Antidote ”, “Choosing an
entry ”, “Consulting the Synonym section”, etc. At this time, we noted if steps were
successful or not, since often participants would explore different approachesA and sec-
tions in Antidote to try to find the one that presented the information that t_hey were
looking for — we will present the detailed results in Section 4.3.3.

In order to produce a more visual representation of the steps followed during the tasks,
we made behavior graphs, which enabled us to have a visual representation of the
tasks that were more straightforward for our participants, and those that required more
trial and error or explanation based on the paths that they followed to resolve them.
Represénting each participant with a different colour of arrows, we were able to plot
their progress among the different steps of dictionary consultation and observe which
steps were recurrent for a majority of participants, and which were less common solu-
tion paths. We will go into more detail regarding these paths and regularities in Sec-
tion 4.3.3.1.4.These graphs were also very useful for us in the development process of
the prototype of STI-DICO, since they permitted us to define different categories of so-
lution paths: the optimal path(s), the erroneous path(s), less common solution path(s),
etc., in order to define the tutor’s feedback with regards to student behavior. We will
describe the development and implémentation process of STI-DICO in detail in Sec-
tion 4.4.3. ’ ’

To paint a complete picture of the solution process for each of the tasks, we also needed
to Synchronize what the participants were doing with what they were saying during each
of the dictionary consultation steps. In order to do so, we matched the timing of the
steps with that of the verbalizations that we previously transcribed. In some cases, par-
ticipants were aware of the step they were taking and the goal of that step: for instance,
while choosing a synonym for a polysemous word, they would need to navigate within
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the Synonyms section of Antidote in order to find the words that had a similar meaning
to that of the word that they had looked up. One of the participants accompanied this
search with the verbalization ”We will go to the definition that is appropriate in this
~ context”, which indicates that they are aware of the multiplicity of definitions in the en-
try and of the need to pick the definition which is appropriate given the word’s meaning
in the phrase. Another participant, however, would say something like “Let’s see what
we can find here [in the synonym section]”, meaning that they were not completely sure
of what would appear when they navigated to it.

conviennent en fonction du contexte

08:42 Cheisir la Eonne entrée de 'char’ | «fOn va aller dans la définition qm
o _ . ROUS COnVient»

08:35 Reconnaftre le registre des mots «on a d'autres termes familiers»

09:00 Choisir les synonymes qui «¢on se tiendra aux mots qui

viennent toute saite appes Bz

linguistiqee de la phrase définition qu'on a trouvé qui
: ) s'accordait avec ... notre mat»
89:16 Rechercher «pitonl» dans Antidoe
0519 Choeisir la bonne définition du mot « Encore 13, on a plusieurs

définitions... mais ce que nous autre
on cherche, c'est un bouton)»

Fzgure 4.1 8 A Mapping of Dictionary Consultatzon Steps, their Timing and Partici-
pants Verballzatzons

In Figure 4.18, the column on the left- of the table contains the timing of the verbal-
izations; the middle column contains the steps that the participants followed, and the
rightmost column, ‘the verbalizations that they made. As it can be seen, the steps were
‘not always accompanied by verbalizations. Even in the case of expert participants, the
meta-awareness of their own knowledge of Antidote’s sections and the linguistic con-
cepts that they mobilized was limited. Nonetheless, at the completion of this step, we
~ had not only a detailed, timed sequence of steps followed by each participant during
each task, but also a transcription of the verbalizations that bore witness to their aware-
ness (or lack thereof) of each step. '
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4.3.3 Results of the Think Aloud Experiment

In coherence with the data collection method described above, we will present our
results in two parts : first, the quantitative results gathered during the experiment and
second, the qualitative results that we collected based on the participants’ verbal reports.

4.3.3.1 Quantitative Results

Even though the key focus of the experiment were Think Aloud verbalizations, more
quantitative measures such as step and task duration, success rate, and the number of
steps per task provided us with importarit information regarding participants’ perfor-
mance during the assigned tasks and the differences between beginner,- intermediate
and advanced dictionary users. Having carried out the data collection steps described
above on each participant separately, we then grouped the participants into 3 groups
based on their dictionary level (beginner, ‘interrvnediate and expert) and proceeded to
analyze the results using these categories. We looked at different aspects of the experi-
ment in order to try to find salient aspects that we could later analyze in detail.

4.3.3.1.1 Task Duration

The first quantitative measure that we looked at was the time taken by each participant
to complete the dictionary consultation tasks assigned to them during the experiment.
While task completion time by itself is not enough to make any conclusive rémarks,
coupléd with other measures such as success rate and number of steps taken, it can
represent the facility with which participants completed tasks. In Table 4.7, we present
the average completion times, in minutes, of each category of dictionary user and for
each of the 7 tasks, as well as the overall average (in the rightmost column). In order
to facilitate interpretation of the table, we have put in bold values that are equal to or
superior to the overall average. | '

It can be observed that expert dictionary users systematically took more time to com-
plete tasks compared to the average (with a total duration of 21:43, compared to the
16:18 average), while beginner users were quicker (09:54), with intermediate users be-
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Table 4.7: Average Task Duration for each éategory of participants (in minutes).

Beginner Intermediate Expert Overall

Average Average Average Average
Task 1 01:15 01:30 02:16 01:40
Task 2 00:45 00:56 01:00 00:54
Task 3 01:54 01:23 01:05 01:27
Task 4 00:53 03:44 03:26 . 02:41
Task 5 00:47 02:05 03:09 02:00
Task 6 01:05 01:42 02:45 01:51
Task 7 01:40 01:53 02:28 02:00
Total 09:54 17:17. 21:43 16:18

tween the two and closest to the average (17:17). In only one case (Task 3') was the
beginner average (1:54) higher than the overall average (1:27), which incidentally was
the same task in which Experts took less time (01:05). This task involved searching for
an idiom‘using Antidote and expert participants were able to complete it in around one
minute, whereas beginner users took almost double the time. We believe that this is due
to the fact that in order to locate the meaning of this particular idiom, it was necessary
to navigate within the dictionary entry of one of its two components (i.e. there was
no separate dictionary entry for it)-the definition of the idiom in question, “peur bleue’
(’scared stiff” in Frehch), was within the entry of ‘bleu’, which is the dependent word
of the expression. We consequently observed that experts were much more at ease with
locating the definition of the idiom within the entry of the dépendent, whereas béginner
users spent time looking for a separate entry for the whole expression(which did not
exist) and were unable to locate the definition within the entry of another word. This is
‘one of the advanced usages of Antidote, since in order to find the meaning of the idiom,
it was not only necessary to look it up, but also to identify the main and dependent
words of the expression, and to look up its definition within the entry of the dependent
word, which beginner users were unable to do.

For us, this bears witness to the presence of much more develdped meta-lexical skills
for expert dictionary users, who are able to not only break down the idiom into its com-
ponent parts (which is defined as a metalexical skill in our model), but also apply this
knowledge to the dictionary consultation context (which is defined as a dictionary skill
in our model), enabling them to easily locate the idiom. On the other hand, beginner
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users may see the idiom as a single entity and even when they can’t locate it as such
in the dictionary, they are lacking the necessary meta-lexical skills in order to divide it
up into its components. In all other cases except in Task 3, expert participants took a
longer time than beginner ones. Our hypothesis is that beginner participants tended to
stop at the limited information that they found via a cursory search because they were
not aware that there was more in-depth information that could be found in Antidote.

While the time taken to resolve a task is not necessarily indicative of difficulties en-
countered or lack of meta-lexical skills, coupling the time with other measures, such as
the number of steps taken and the step success rate, can give us a better idea of what
happéns during the dictionary consultation process. ‘

43312 Number of Steps per Task

The second quantitative measure that we analyzed was the number of steps that a par-
ticipant tookto resolve each task, since it can be seen as an indication of the search
_efforts required by the user to resolve a dictionary consultation task. To calculate
this, we based ourselves primarily on video screen captures of participants completing
their tasks, analyzed by two separate annotators for impartiality, as discussed above.
Based on these annotations, we were able to identify specific steps that the parficipants
completed within the task. These tasks were of different types, notably pertaining to:
searching within the dictionary, consulting results (definitions, synonyms, etc.), choos-
ing the pertinent result, consulting the initial phrase, etc. The numerical results are
presented in Table 4.8. Once again, bold values are equal to or superior to the overall

average.

As it can be observed, experts systematically used more steps, with the expert average
(40.5) significantly higher than those of intermediate (32.6) and beginner participants
(32.0), as can be seen in the last row of Table 4.8.This is even more -visible in Fig-
ure 4.19, where the expert average (rightmost yellow bar) is superior to that of the two
other groups. _

While there is no *optimal’ number of steps that should be taken to complete a given
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Table 4.8: Average Number of Steps per Task for each category of participants (in
minutes).

Beginner Intermediate Expert Overall
: Average Average - Average Average
Task 1 4.5 4.5 5.5 4.83
Task 2 5.0 2.5 3.5 3.67
Task 3 7.5 3.0 5.5 533
Task 4 3.5 7.5 55 - 5.5
Task 5 4.5 6.3 8.3 6.4
Task 6 2.5 5.0 6.0 4.5
Task 7 4.5 38 6.2 4.8
Total 32.0 . 32,6 , 40.5 35.0

M Beginner average
‘@ Intermediate average
% Expert Average

MNumber of steps

Figure 4.19: Number of Steps per Task

dictionary consultation task, comparing the total and average number of steps carried
out by each group is intéresting because it allows us to observe general trends. For
instance, that the experts systematically took more steps than the average, except for
Task 2, in which it was the beginner participants that carried out more steps. We think
that this is because they were not familiar with the “Locutions’ (Expressions) section of
Antidote, which was necessary to find the answer to the task, so they were obliged to
consult several sections in order to find what they were looking for, whereas advanced
participants went directly to the correct section. Intermediate participants were sys-
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tematically near the average, occasionally exceeding it (for Tasks 4 and 6), but staying
below in the majority of cases.

4.3.3.1.3 Step Success Rate

A final quantitative measure that we looked at was the average success rate of steps
within a task. It was often the case that a participant would try out a step, realize that it
did not provide them with the information that they were looking for, and move on to
another step, meahing that they did not master the skills needed to directly access. the
. information sought. This would often happen when users were not sure which section
of Antidote contained which information and would attempt to consult a section to find
a given infomﬁation, then realize that the information was not to be found in that partic-
ular section, so they Would change sections to find the missing information, or retrace
their steps to the results of their initial search. We considered that if the subject did not
find the information that they were looking for during a given step, that this step was
unsuccessful, compared to a step in which they found the information sought.

~ As it can be seen in Table 4.9, intermediate users actually had the highest step suc-

cess rate (97.66%), followed closely by expert users (97.17%), and finally by beginner

users (94.39%), with a 3-percentile disparity between intermediate and beginner. If we

compare these results with their accompanying verbalizations, we can see that beginner

users often adopted a ‘trial-and-error’ strategy—their verbalizations often reflected that

they are unsure of where the information they neéd is located, but they are willing to

Search for it across diffefent sections. Once again, true to the nature of the TA protocol,

we were brought to consider participants’ verbalizations along with the quantitative

data in order to paint a better picture of what was happened during the tasks. We saw

evidence of several situations where beginners would say things like “I’ve never seen
this seciion -of Antidote ” (Participant 1, Task 3) and “I didn’t go where I thought I

would [... ] I'm a bit lost” (Participant 5, Task 5), accompanied by behavior that indi-
cates that they were trying several different sections to see which would take them to
the information sought. |
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Table 4.9: Step Success Rate.

Beginner Intermediate Expert Overall
Average Average Average Average
Success Rate 94.39% 97.66 % 9717 % 96.41%

On the other hand, there is much less of this kind of behavior for intermediate and ex-
pert users, who would take longer to resolve tasks but accompany them with a more
deliberate exploration of Antidote’s sections, nourished with their background linguis-
tic knowledge, for instance: “It seems to‘me that in this section we can find words,
adjectives, and other nouns that are derived from the word “fear’” (Participant 2, Task
6). This was especially the case with Participant 6, who, despite zero experience with
Antidote but with previous linguistic knowledge, was able to complete all tasks suc-
- cessfully, discovering sections along the way and saying things like “I don’t know if
there is a Synonym section, in the same way as there’s an Idiom section, but probably
if I look on the left...” (Participant 6, Task 4) and “We can go consult and jot down all
of the synony:hs, while continuing fo navigate, going tb search for ‘haunting’ then—I
don’t know how I can navigate here, double click? - go look for synonyms of ‘haunting
as well’” (Participant 6, Task 6). We see this as further corroboration of our theory
regarding the impbrtance of lexical and meta-lexical knowledge in enriched dictionary
usage, since despite the fact that Participant 6 had no dictionary experience, they were
able to rely on more theoretical knowledge in order to find the information needed. We
will go into more detail regarding the results collected from participants’ verbalizations
in Section 4.3.3.2.

Overall, if we compare the time spent for each task, the number of steps taken and
the success rate, we can see that beginners, on average, spent less time on each task
and carried out fewer steps, with intermediate users taking more time and more steps,
and expert users taking the most time and the most steps. We believe these observa-
tions once again to be linked to the basic vs. enriched dictionary usage distinction that
we made in Section 4.3.2.2. In our opinion, while it is possible to use Antidote (or
any other dictionary) in the ‘basic’ manner, via which one can find a fair quantity of
information regarding a word’s definition, characteristics, etc., it is necessary to mas-
ter the ‘enriched’ mode of consultation in order to find more advanced information,
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for instance that regarding co-occurrences and lexical fields, which also requires more
knowledge regarding how to apply this information in the context of the phrase.

In general, the enriched mode of functioning requires more steps to access the infor-
mation targeted: for instance, in order to find the information regarding the verbs used
together with a given noun, one must first search for the noun in the dictionary, select
the correct definition, then navigate to the ”Co-occurrence” section of Antidote and find
the Verb section within it. While an expert dictionary user should be able to follow these
steps and achieve the desired information, a beginner user may simply stop at the Defi-
nition section and gather much more limited, information from the examples provided,
lacking the skills and the knowledge to continue their search to fruition. Therefore the
beginner will take fewer steps than the expert to solve a task, but the richness of the in-
formation at their disposal will be limited. This is our interpretation of what happened
during our experiment, and why beginner users were found to take fewer steps but ar-
rive to ‘similar’ conclusions. Since it is impossible to measure information richness,
we were not able to verify this interpretation. Nonetheless, we find that the distinction
of enriched vs. simplified modes of functioning is important because an enriched way
of consultation provides the user with a much more coherent answer to their query.

4.3.3.1.4 Behavior Graphs

As we previously mentioned, an important part of our experimentation was a cognitive
task analysis (Schraagen et al., 2000), aiming to define the paths followed by users of
different levels while completing dictionary consultation tasks, both to map out dif-
ferent possible solution paths for a given task and in order to use them to create the
behavior graphs (see Section 4.4.3.6) for our ITS prototype. During our data collection
phase, we therefore carried out an in-depth analysis of these steps, based on both video
-and audio recordings gathered during the experiment. While this data was used to cal-
culate measures such as the average number of steps and the step success rate, which
we discussed in previous sections, we considered that it was also important to create
visual representations of the paths followed by our participants during the tasks.

It was for this reason that we created a separate behavior graph using Mindomo, a



144

mind-mapping software®, for each task in the experiment, representing the solution
path taken by some (or all) subjects, and the paths taken by individual participants that
differed from the rest. In these graphs, black arrows represent a path taken by 2 or more
subjects, with the thickness of the arrow symbolizing the number of subjects who fol-
lowed the path (the thicker the arrow, the more subjects took the path, with the number
of subjects indicated on top of the arrow). Colored arrows, on the contrary, represent
paths taken by a single subject—each of our 6 subjects has been assigned a colour, which
is indicated in the legend accompanying each Figure. ’

In the present section, we will present three particulaﬂy salient behavior graphs, which
represent some interesting or unusual solution paths; the rest of the graphs can be found '
in Annex C. For each graph, we will.comment and explain the different paths presented
and explain why the graph is significant. |

Task 3 — Many Alternative Paths
The behavior graph of Task 3, presented in Figure 4.20, presents an interesting case

to study in more detail due to the multiplicity of alternative solution paths that are
employed by subjects. The task, which consisted in finding the meaning of an idiom

using Antidote, proved to be particularly difficult for our subjects, with one participant S

(Participant 5, a beginner) failing to find the answer, and with several other subjects ex-
ploring many different approaches before finding the one that provided the information-
that they sought. Essentially, there were two 6ptima1 solution paths to the task — either |
searching for the whole idiom directly in Antidote and navigating to the ‘Idiom’ section
of one of its component words, or else directly searching for the key word (‘fear’) of
the idiom and scrolling through its idioms that include fear in order to find the correct
one. The pitfall was the fact that the idiom did not have its own dictionary entry, which
confused the beginner dictionary users, who did not know how to look for the definition
elsewhere.

As it can be seen in Figure 4.20, all of the participarits start out searching Antidote
together (except for Participant 4, who passes via a meta-reflection regarding the nature

Shttps://www.mindomo.com/
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-Figure 4.20: A Behavior Graph of Solution Paths Followed in Task 3

of idioms), and, once the search has been carried out, two main groups can be seen—one
pursuing the Idiom (‘Locutions’) section directly, while the other choosing the entry
and finding the answer there. However, apart from these two groups, there are direct
outliers who pursue alternative solution paths:

1. Participant 1 (in red), a beginner who explores several different entries and car-
ries out several searches of Antidote, finally settling on interpreting the results
directly of the search, without going into a more in-depth exploration of the en-
tries;
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2. Participant 4 (in yellow), an intermediate user, who consults the Idiom section but
does not find the answer, but tries and fails to find the answer in the Quotation
section, and then gives up, not knowing how to complete the task;

3. Participant 2 (in blue), an expert who also briefly passes via the Quotation section,
finally doubling back on their steps to go back te the definition;

4. Participant 3 (in green), an expert who finds the meaning of the idiom directly in
the examples provided, without consulting the Idiom section.

This task is interesting because, while rélatively straightforward, it even had both expert
dictionary users as well as most of the other participants stumped, all due to the fact that
the meaning of the idiom was not in a separate entry, but under the entry of one of its
components. While this is specific to Antidote, many other dictionaries have a similar
way of representing idioms, and we believe that underlying. linguistic knowledge is
needed to find the relevant information. It was fascinating to observe what strategies
subjects employed in order to complete the task, but it brings us to the conclusion that
all of our subjects can profit from training in both meta-lexical and dictionary skills in
order to complete similar tasks more efficiently and to know what alternative paths they
can pursue when their initial solution path does not give them the answer that they seek.
- If we look at the time spent, the number of steps and the success rate all together, we can
see that beginners took more time (01:54) and followed more steps (7.5), compared to
intermediate users, whb took 01:23 minutes and 3.0 steps, and the advanced users, who
took only 01:05 minutes and 5.5. We see this as support of our hypothesis that beginner °
~ users are less comfortable with dictionary. consultation and therefore take more time
and more steps to complete a task. A ‘

Task 4 — Basic Vs. Enriched Usages

The second behavior graph we would like to explore in more detail, that of Task 4 (see
Figure 4.21), is intéresting’because it represents a clear case of a majority of partic-
ipants following a set path, almost unanimously, with a few participants taking alter- |
" native solution paths to explore the question further. Task 4 was a task involving the
improvement of a student’s text with many repetitioﬁs of the word ‘house’, where we
asked subjects to use synonyms to replace the repeated word. As it can be seen above,
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-Figure 4.21: A Behavior Graph of Solution Paths Followed in Task 4

all 6 of the participants choose to use the Antidote Dictionary (as opposed to using the
Grammar Corrector component) and all enter the same expression in the search bar. At
this point, Participant 6, in gray, diverges from the rest of the users in order to consult
the various definitions of ‘house’ that are presented, whereas the other 5 participants
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continue directly to the Synonym section. Here, the subjects either hovered their mouse
over the various meanings of the synonyms proposed, and then proceeded to choose the
appropriate one, or else they chose directly, without consulting all the definitions of-
fered. ' -

At this stage in the solution path, it can be considered that the task is complete: appro- |
priate synonyms were found, and the various definitions of ‘house’ were brought into
consideration. A basic usage of the dictionary can thus end here, and all participants
succeeded at this step but we found some alternate épproaches that were taken by our
subjects, in particular: '

1. Participant 1 (in red), a beginner who applied the synonyms found in the initial
phrase to-verify how they fit the context; "

2. Participant 2 (in green), an expert who checked the language level of the syn-
onyms proposed, and that of the initial phrase, to ensure coherency between the.
two, as well as" using the hyperlink systefn to read the definitions of some syn- -
onyms in more détail;/ ' '

3. Participant 4 (in yellow), an intermediate attempted to consult the Grammar Cor-
rection component of Antidote to see if it would propose some solutions for im-
proving the text (which it didn’t).

This behavior is interesting because it enables lis to see alternative ways to go beyond
the basic usage of Antidote towards different types of enriched usages, and it gives us
an insﬂght into the S‘frategies employed by our participants. In terms of correctness, the
approaches used by Participants 1 and 2 are the most useful and can even be proposed
as ways of enriching one’s dictionary usage, whereas that used by Participant 4 can
be considered superfluous but could be useful in another context. Nonetheless, it was
interesting to see how subjects sought to enrich their usage of the dictionary and of the
results they found, with varying degrees of success. '
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Task 7C — Dictionary vs. Grammar Corrector
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Figure 4.22: A Behavior Graph of Solution Paths Followed in Task 7C

The final behavior graph that we will examine in detail is that of Task 7c (see Fig-
ure 4.22). This task was composed of 3 sub-tasks (which we have designated as 7a,
b and c) and in each sub-task, the participant was presented with a phrase which con-
tained an error and had to identify the error and find the correct form of the word using
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Antidote. We did not encourage subjects to use either component of Antidote (Dictio-
nary or Corrector), but we found it interesting that half chose to use Dictionary, and the
other half chose to use the Corrector but, not finding the answer they were looking for,
returned to the Dictionary component to pursue the task. This can be seen in the step
on the top right of the graph: while many participants (in blue, yellow, red and gray)
take the'step, they all then come back to consulting the Dictionary component, on the
left of the graph.

Having returned to the Dictionary compohent, the subjects pursued different strategies:
most consulted only the Definition of the word they searched (and found the informa-
tion they sought among the examples provided), whereas others went directly to the
Co-occurrence section, which lists combinations of words often found together and
their relative frequencies. This gave them a much more thorough answer regarding, in
this case, the verb to be employed with a certain noun. However, Participants 2 and 3,
the only expert dictionary users, knew how to search in this section: the two beginners
did not succeed the task at all, whereas the two Intermediate users, Participants 4 and
6, gleaned the information from examples provided within the entry.

This is interesting to observe because it illustrates an ‘enriched’ usage of Antidote,
which is familiar to expert users, compared to a more limited method applied by less
experienced users. The fact that neither beginner subject was able to successfully com-
plete this task was, for us, an indication that they lacked both the necessary meta-
linguistic knowledge to find the type of information that they were looking for regard-
ing cooccurrences and the section of Antidote that lists them as well as the necessary
dictionary skills to find the appropriate section of Antidote. Once again, we see this
as further proof that more training is needed in order to address both sets of skills and
ensure successful and efficient dictionary consultation.

4.3.3.2  Qualitative Results

As we stated previously, the main focus of our evaluation was to study the verbaliza-
tions produced by our participants with regards to the mental processes and actions
which take place during the dictionary consultation process. It is for this reason that
we carried out a full transcription of participants’ statements and reflections during the



151

Table 4.10: Average Number of Meta-Linguistic Concepts Verbalized During Each
Task.

Beginner Intermediate Expert Overall

Average Average Average Average
Task 1 2.50 4.00 4.00 3.50
Task 2 2.00 4.50 200 2.83
Task 3 2.50 3.00 2.50 2.67
Task 4 4.00 5.50 4.50 4.67
Task 5 2.83 3.67 7.33 4.61
Task 6 3.00 4.50 6.00 4.50
Task 7 1.33 2.00 2.83 2.06
Average 2.59 388 4.16 : 3.54

course of the experiment (see Annex C), analyzing them to establish links With meta-
linguistic concepts and lexical and dictionary skills from our model, and identifying
steps followed during the completion of dictionary tasks. 'We will present these quali-

tative results of our transcription and analysis in the current section.

4.3.3.2.1 | Number of Concepts Cited During Task Completion

One of the main focus points of our Think Aloud study was to elicit whether or not par-
ticipants are aware that they are mobilizing fundamental lexicological concepts, such
as ‘idiom’, ‘synonym’, ‘collocation’, etc. during their consultation process. In order to
do this, we tagged the transcriptions of the verbalizations with the concepts that were
cited, both based on our initial grid as well as on participants’ own choice of vocab-
ulary. In this manner, we did not simply note whether they called upon the concepts
that we expected them to, but also if they called upon other concepts that we did not
initially expect. The results of this analysis are presented in Table 4.10. Once again,
bold values are those that are equal to or superior to the overall average.

It can be noted that the Intermediate and Expert participants often verbalized more con-
cepts than the average for all users: Intermediate participants had an overall average of
3.88 and Experts had an average of 4.16, compared to the overall average of 3.54. “We
can also observe that Experts exceeded the total by a significant amount at each time,
especially for Tasks 5 and 6. We believe this to be linked with the linguistic baggage
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of participants—those with more experience and exposure to linguistics in their studies
were more likely to call upon this knowledge during the experiment, whereas begin-
ner users, even if they were able to complete the tasks required of them most of the
time, were more limited with regards to meta-linguistic vocabulary. In the case of be-
ginner participants, the average number of concepts was very limited, with an average
between 1 and 4 concepts mentioned durihg each task. If we examine the concepts that
were cited, they were most often more general concepts like ‘expression’ or ‘meaning’
which were much less precise than the terms such as ‘polysemy’ or ‘co-occurrence’,
which were used by more advanced users. A

Overall, all of our participants used less meta-linguistic terms than we expécted, which
made us reconsider our initial hypothesis, based on our model resulting from Iteration
"2, of which concepts are mobilized during which tasks (see Table 4.10). We see two
possible explanations to this result—either (1) that it is not necessary to know or master
these fundamental concepts in order to successfully complete even complex dictionary
consultation tasks, or that (2) the subjects themselves were not aware that they were mo-
bilizing the éoncepts,‘ even while having mastered them. It is hard to disparage either
one of these explanations, and they both merit further exploration, but it is nonetheless
the case that within the scope of our experiment, verbalizations regarding the mobiliza-

tion of fundamental meta-linguistic concepts was more limited than we expected.

However, we believe that explanation 2 is more likely to be correct, since we saw

that our participants were able to recognize con_cé_:pts from the model (such as idiom,

synonym, etc.) when they encountered them in Antidote, and to identify sections that
contained them. While we asked our participants to verbalize everything they thought
and did during the experiment, there was obviously some cognitive filtering that was

carried out with regards to the concepts that they_cited. Since the tasks that we asked
them were challenging (especially for beginner participants), the cognitive load of both

carrying out the task and verbalizing at the same time could have been too high for-
some subjécts. We believe that this cognitivé load to be the reason behind participants’

limited verbalizations, rather than their lack of awareness regarding the concepts that

they mobilize. - We will discuss this hypothesis in more detail in Section 5.2 of the

Discussion.



153

4.3.3.2.2 Mobilization of Dictionary Skills

The second, and final, qualitative measure that we analyzed in-depth was participants’
mobilization of the dictionary skills that we had identified in our grid, based on previ-
ous studies of dictionary usage (Nesi and Haill, 2002; Lew, 2013a) as well as our own
work. Since it is difficult to empirically evaluate the manifestation of dictionary skills,
we based ourselves on both in vivo coding by two investigators as well as post-hoc
coding. In order to mark skills as mobilized, the investigators based themselves on par-
ticipants’ verbalizations as well as the steps they'followed . for instance, if a participant
stated “Now I’ll -go consult the Synonyms section” while navigating in the Synonyms
section of Antidote, we took this to be evidence of the mobilization of the ‘Consult-
ing the Synbnym section’ skill; when the participant found an adequate synonym and
replaced the repeated word with it, we took this to be evidence ‘(')f another skill, ‘Replac-
ing a repeated word with its synonym’. Having carried out this identification, we then
cross-referenced the 4 results (by the 2 investigators, in vivo and post-hoc) and kept
only those skills that were systematically identified across all four coding schemes.
The results of these analyses can be seen in Table 4.11. Once again, bold values are
those that are equal to or superior to the overall averége.

It can be noted that the average number of dictionary skills mobilized by experts was
higher than the overall average across the board, whereas the beginner average was sys-
tematically lower, with intermediate participants between the two. We believe this to
be due to, once again, linguistic knowledge coupled with dictionary experience: partic-
ipants who were comfortable with using the dictionary mobilized the skills at the right
time in order to find the information that they were looking for, whereas beginner users
often did not have sufficient skills to mobilize them at the correct moments. _FurtherQ
more, we believe that these numbers are, in fact, reduced due to participants’ lack of
awareness of the fact that they are calling upon skills that they have and/or their lack
of recognition of the appropriate context for mobilizing these skills, similarly to the
verbalization of concepts described in the previous section.

Furthermore, we found that dictionary skills from our model, such as searching for a
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Table 4.11: Average number of lexical and dictionary skills mobilized by participants.

Beginner Intermediate Expert Overall

o Average Average |, | Average Average
Task 1 4.00 4.00 ' 9.00 5.67
Task 2 4.00 5.00 8.00 5.67
Task 3 5.00 6.00 7.00 6.00
Task 4 5.00 7.00 8.00 6.67
Task5 5.00 5.33 8.00 6.11
Task 6 3.00 6.00 6.00 5.00
Task 7 6.00 5.33 7.33 6.22
Average 4.57 5.52 7.62 5.90

word in the dictionary and choosing the appropriate definition, were mastered and mo-
bilized much bettér than meta-linguistic skills such as differentiating the base and the
collocative of an idiom (this was a skill that was ostensibly missing, especially in be-
ginner participants), or knowing the nature and members of a lexical or morphological
family. These knowledge gaps were often not large enough to prevent our participants .
from completing the tasks that were assigned to them, but were sufficient to prevent
them from achieving enhanced dictionary usage. This is actually good news for our
research project, because it means that we can build upon'_the existing dictionary con-
sultation skills and mastered concepts to go further and use the dictionary for much

more complex tasks than was initially the case. This also confirms, once again, the -

relevance of using an intelligent tutoring system to achieve this task, since this makes it
- possible to identify the skills and knowledge that learners have already acquired or not, ‘
and to target the missing knowledge elements via learning activities.

Overall, we found that in terms of quantitative results, beginner users took less time and
less steps in solving dictionary tasks, with intermediate users, on average, taking more
time and more steps, -and expert users taking the most time and the most steps. This
is consistent with our interpretation regarding average vs. enriched dictionary usage:
since beginner users are less skilled and have more limited knowledge of the lexical
and meta-lexical concepts involved in dictionary consultation, they limit themselves to
the most accessible and popular dictionary sections, where they will find a more lim-
ited quantity of information. Expert users, however, due to their dictionary skills and
knowledge of lexical concepts, know both that more information is available and where
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to find it, which is evidence of a more enriched usage of the dictionary. This is also
supported by the qualitative information that we extracted from participants’ verbaliza-
tions, since we found that expert and intermediate users were more aware of both the
concepts and skills that they mobilized throughout the experiment.

This iteration therefore helped us define the behavior of different types of dictionary
users as well as the kinds of difficulties they run into, which we can use in the creation
of our ITS prototype in Iteration 4. Furthermore, the cognitive task analysis resulting
in the behavior graphs that we extracted based on subjects’ solution paths are also a
very important contribution to our prototype, since they enable us to make the behavior
graphs used for model tracing within the authoring tool that we used to create our ITS,
CTAT. In the following séction, we will present the fourth and final iteration of our
project, consisting in the development and implementation of the STI-DICO interface,
and describe the functional prototype that we have created in order to achieve this goal.

4.3.3.3 Conclusion of Iteration 3

At the end of this iteration, we had a complete answer to our initial question regarding
the steps that users of different levels follow in order to resolve tasks using a dictionary.
Our experiment is the first time, to our knowledge, that a TA protocol was applied tQ :
study the dictionary consultation process, granting us an unprecedented view inside the
cognitive processes behind dictionary consultation. We collected both quantitative -and
qualitative data, based on the steps and actions carried out by participants as well as the
verbalizations that accbmpan’ied them. This allowed us to not only empirically validate
the skills and concepts that the tasks mobilize, but also to verify if there are any skills
that we have missed in our model. In the current section, we will describe the partici-
pants of our study, the tasks that they were assigned, the protocol analysis method used,
and present the results that we obtained.

Furthermore, carrying out the Think Aloud experimehtation enabled us to confirm and
complete the steps that we posited for task resolution, and, above all, it made us realize
that in many cases, even advanced dictionary users are not aware of the theoretical
éoncepts that they call upon during the dictionary consultation process and that they
often resort to exploration to find the answer they are looking for. These results were
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very encouraging since they confirmed the importance of our ITS and of our research
project, and of the need to raise dictionary users’ awareness in dictionary skills and the
concepts that underlie them.

This iteration helped us define the behavior of different types of dictionary users as
well as the kind of difficulties that they run into, which is important information that
we can use in the creation of our ITS prototype. The cognitive task analysis, which
resulted in the behavior graphs that we extracted based on subjects’ solution paths, are
also a very important analysis, since they enable us to implement empirically validated
behavior tracing within the activities of our ITS‘, providing feedback and hints that can
address specific issues that learners encounter. In the following section, we will prescht |
the fourth and final iteration of our project, consisting in the design and development
of the STI-DICO pfototype, its architecture, components and interface. |

4.4 Tteration 4 — ST -DICO Prototype Creation and Evaluation
4.4.1 Summary of Iteration 4

Having established the dictionary tasks that mobilize different skills and concepfs in
Iteration 2, and the paths followed and difficulties encountered by users of different -
levels in Iteration 3, the final iteration of our research project consisted of creating a -
functional prototype of STI-DICO, an ITS to help French teachers-in-training acquire
dictionary skills and knowledge. The creation of STI-DICO fequired a series of techno-
logical choices to be made in order to ensure that the resulting prototype of STI-DICO
corresponds to the latest advances in the field of AIED which we established during the
literature review we carried out in Iteration 1. In this scctioh, we will describe the steps
and choices that we made while developing this prototype, justifying our choices based

on relevant literature in the domain.

4.472 Vérsions Qf the STI-DICO Architecture

One of the greatest challenges of the implementation of the STI-DICO prototype was to-
develop an ITS architecture that was coherent with recent trends in the field of AIED,
all the while maintaining a solid link with more traditional ITS elements such as the
4-module ITS architecture (Woolf, 2010) and Van Lehn’s double loop adaptation (Van-
lehn, 2006; VanLehn, 2016) and our own choices of components, like the Open Learner
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Model (Bull et al., 1995) and the GTN ontology (Tremblay and Polguére, 2014). In or-
der to ensure all of these aspects, we designed several versions of the STI-DICO archi-
tecture, consulting experts in the field and carrying out empirical test to improve each
version of the architecture before achieving a final result that we were content with.

4.4.2.1 STI-DICO Architecture Version 1.0

Every two years, the AIED (Atrtificial Intelligence in EDucation) Conference is held
and, in its proceedings, it sets new standards in terms of trends and advances made in
the field. In the proceedings of its 2015 edition, held in Madrid, Spain, an article by
Benjamin D. Nye entitled “AIED Is Splitting Up (Into Services) and the Next Gener-
ation Will Be All Right” carried out an in-depth analysis of recent trends in computer
science and their impact on AIED tools, and most notably in ITSs. In it, he writes:

We may be reaéhing the end of the traditional four-component ITS archi-
tecture with four modules: Domain, Pedagogy, Student, and Communica-
tion (Woolf, 2010). While the functions of all these modules will still be
necessary, there is no reason to think that any given ITS must contain all
these components, in the sense of building them, conirolling them, or own-
ing them. The future for ITS may be to blow them up so that each piece can
be used as a Web service for many different learning sysiems. |[...] From

‘the standpoint of AIED, moving in this direction is an existential necessity.

We were particularly inspired by this article while designing the first version of our"
STI-DICO architecture, which can be seen in Figure 4.23. This first version of the

architecture of our ITS is based on the traditional 4 module ITS architecture (Woolf,
2010), but these modules, in coherence with Nye’s statement, are separated and imple-
mented in a Service-Oriented Architecture (SOA). In our case, they are divided into

client and server side elements, which are the following:

o The Student Module, which stores information regarding all of the learners’ ses-
~ sions, results and behavior, and builds the Learner Model based on the skills,
concepts and rules acquired by the learner;

e The ITS Interface, which displays the interactive HTML activities and presents a
dynamic Open Learner Model for the learner to consult;
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o The Domain Module, divided into the Client Domain Module, which is composed
of several learning activity agents, each connected to a specific problem space
depicted by the related procedural knowledge (rules), and the Server Domain
Module, which contains domain knowledge representation in the terms of skills,
concepts and rules to be acquired by the learner;

o The Pedagogy Module, divided into the Client Pedagogy Module containing the
rules underlying the adaptive behavior (strategy) of the ITS, and the Server Ped-
agogy Module, which is respon81ble for the activity and feedback database for

- tutoring strategy and activity selection. '

[ Student Module ] :

- —_—_o— o~~~

Client Pedagogy Module Client side

: \[ ITS Interface }/

Figure 4.23: Version I of the S TI-DICO Architecture

" The ultimate goal of this first, simplified version of the STi—DICO.architecture was to
split ITS modules in a SOA that is shared between the client and server. The system’s
capacity to adapt to its learner and to follow the evolution of their knowledge state is im-
| plemented via the two-loop adaptation proposed by Van Lehn (2006; 2016). The main
advantage of the proposed architecture is that it optimizes ITS perférmance by keeping
the more resource-intensive outer loop on the server side and sending the much lighter
inner loop to the client. The outer loop is more intensive because it requires sending and
receiving all the learner model information in order to select the next learning activity, -
whereas the inner loop is lighter because it only involves step-specific feedback. Keep-
iing the two loops separate therefore limits client-server communication, and makes the

ITS run faster even on limited Internet connections.

Furthermore, because we proposed a SOA architecture with only Web-based compo-
nents to implement this architecture, our system requires no maintenance or configu-- -
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ration and can be deployed directly via the Web via a browser or used to provide an
intelligent component to MOOCs (Massive Open Online Courses) or LMSs (Learning
Management Systems). In the case of high server load, we proposed to equip the outer
loop with a load balancer which will deploy additional servers to handle new queries
and provide the increased number of students with ITS functionality. This kind of Web-
based architecture has been used in more recent ITSs to ensure easier deployability via
the Web (Brusilovsky and Peylo, 2003; Aleven et al., 2015).

4422 STI-DICO Architecture Version 2.0

We continued work on developing a more extensive version of the architecture proposed
above, keeping the SOA architecture to facilitate the implementation and to optimize '
ITS performance, while splitting the modules into services to maximize performance.
Version 2.0. of the STI-DICO architecture, presented in Figure 4.24, is a more com-
plex version, storing the Student Module entirely on the server side, while the proposed
ITS interface that it is linked to is Web-based. This has the advantage of each learn-
ing activity getting sent to the learner directly via the Web, meaning that it takes little
bandwidth and requires no downloading, which benefits learners with limited Internet
speeds. This also ensures scalability, since each learner that uses the ITS has access to
their own learning activity locally, with the main server load reduced since it only has
to manage proposing-new activities and not handling all feedback and hints.

This architecture insists on extensive domain knowledge representation: in our Do-
main Module, we integrate the knowledge and skill model developed, coupled with
domain-specific rules to reflect the causal relations between concepts and skills, result-
ing in a more in-depth representation of the knowledge to be transferred. The tutoring
functionalities of STI-DICO are represented in the Pedagogy Module, which contains
a database of learning activities and associated hints and feedback, as well as tutoring
and activity selection strategies. Finally, the Pedagogy and Domain modules are split
between client and server, with the most resource-intensive elements (e.g. activity and
feedback database, domain knowledge representation) kept on the server side, and the
lighter ones (e.g. the rule engine and feedback and hint manégement) sent to the client.
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Figure 4.24: Version 2 of the STI-DICO Architecture

The double-loop adaptation is carried out via two distinct rule engines: we kept the
outer, more resource-intensive rule engine on the server side, since it requires the most
substantial part of the domain and pedagogy modules (the domain knowledge represen-
tation and the activity/feedback database) to function. On the other hand, we embedded
the lighter inner rule engine into the question files accessed by the learner, enabling
rapid feedback and hints while minimizing server requests. For each question that gets
sent to the learner, the ITS consults the Student Module, which feeds into the Server
and Domain Modules, and select the next learning activity and the feedback and hint
engine to be sent to the learner. These elements are then transferred to the client side
and displayed to the learner via the I'TS interface.

For this version of our ITS architecture, we carried out the research and the technology
review in order to propose specific technologies and methodologies for its implemen-
tation. For instance, to ensure scalability of the outer loop, we proposed to code it in
Drools, a Java-based ‘rul_e engine that permits the integration of a load balancer. This
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means that even if the server experiences accrued demand, the load balancer will be
able to deploy additional servers to handle new queries and provide the increased num-
ber of students with ITS functionality. In terms of inner-loop implementation, we pro-
posed to implement it via a small JavaScript-based rule engine embedded directly into
the learning activity file sent to the learner, minimizing server requests while handling
inner-loop functionalities such as evaluating learner behavior and providing adaptive
hints and feedback.

We created a small-scale, functional prototype of this architecture, using a web page to
host learning activities in HTML and hosting a database on the UQAM servers to store
learner sessions and model data. We used this prototype to carry out testing in order
to evaluate the feasibility of creating a full-scale prototype in this manner. However,
we quickly realized that while it is possible to develop a basic double-loop architecture
using open-source and HTML technologies, the amount of work needed to transform
this initial protdtype to a full-scale one was too large for us to carry out on our own.
For this reason, we turned to examining what ITS authoring tools were available to us
to speed up the development process. We describe these tools in the following section.

4.4.22.1 Choosing an ITS Authoring Tool

Traditionally, the design and implementation of ITS design has always been a time-
consuming task, with an estimated 200 to 300 hours of highly skilled labor needed to
produce a single hour of ITS instruction (Murray, 2003). In terms of authoring tools,
as of 2016, there were two majbr tool suites that existed for authoring model tracing
tutoring systems and are accessible to the general public: the Generalized Intelligent
Framework for Tutoring (GIFT) (Sottilare et al., 2012) and Cognitive Tutor Authoring
| Tools (CTAT) (Aleven et al., 2006). From an architectural point of view, these two sys;
tems are different and offer different functionalities and different means of integration,
and a different degree of maturity. 'However, these two tools are the only ones that help
the creation of a cognitive ITS (as opposed to a constraint-based or other types of tu-
tors). In the current section, we will discuss the advantages and disadvantages of each
and justify our final choice of authoring tool.
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GIFT

The Generalized Intelligent Framework for Tutoring (GIFT) is an open-source, modu-
lar, service-oriented architecture whose ‘goal is to make automated authoring, instruc-
tion and effect analysis easy and cost-effective (Sottilare et al., 2012). In terms of its
advantages, GIFT provides a series of tools for an expert system developer, from course
authoring tools to create activities, lessons and guidance, to survey authoring tools for
questionnaires which appear during the learning process. Furthermore, GIFT has an
.extensiVe-docum'entation, ‘with, at the moment Aof the writing 'of the present thésis, four
volumes of Design Recommendations for ITS, covering a variety of aspects: Learner
modelling, Instructional Management; Authoring Tools and Expert modelling, and Do-
main modelling (2013; 2014). These volumes include articles by> key researchers from
the IT'S domain and propose a series of suggestions and advice for ITS designers, mak-
ing them an important advantage of using GIFT as a mddel for the creation of an ITS.

However, despite all of GIFT’s advantages cited above, it also has a set of limitations:
notably, it is a software with a fnessaging API compatible with JMS (Java Message
Service) protocol, which can make it more robust and reliable than Web services, but
which also makes it necessary for it to control all the software components that it com-
municates with. This means that while GIFT may communicate with various rich client
interfaces developed with the Java Swing library, but also that it cannot communicate
with external servers on which it has no control, i.e. websites from other domain names.
This limits its usage with-a variety of interfaces and plug-ins, and also prevents it from
using more commonly accepted protdcols such as the LTT (Learning Tools Interoper-
ability) protocol (Luccioni et al., 2016). In our case, this also makes it difficult to host
the ITS on our own server while allowing it to communicate with its intelligent back-
end.

Furthermore, at the time when we were implementing our ITS prototype, the existing -
version of GIFT only supported plug-ins with a small number of interface types, no-
tably those created using Microsoft PowerPoint and Visual Basic, which significantly
limited our implementation options to the functionalities and specifics of these inter-
faces to those that this software permitted, as well as obliging us to master a program-



163

ming language. Also, the GIFT architecture and design allowances were not quite up to
par in terms of ITS authoring services such as knowledge tracing, which was not part
of its existing functionalities. That being said, more recently the GIFT team has made
significant re-engineering efforts in order to integrate Web services and support dif-
ferent integration protocols and interfaces (Personal communication from K. Brawner,
Sept 2015). However, this re-engineering was not complete at the moment when we
were making our implementation choices. We therefore decided that while eventually
GIFT could become a very powerful ITS authoring tool in the future, for the moment
it remained insufficiently mature and flexible for us to use it to create our ITS prototype.

CTAT

Cognitive Tutors Authoring Tools (CTAT) is a suite of authoring tools conceived as a
factored architecture for tutoring, with components and interfaces (APIs) between its
components (Aleven et al., 2006, 2009, 2015). It supports multiple ways of authoring
tutors as well as multiple options for developing the tutor front end and back end, such
as Flash, Java, HTMLYS (Aleven et al.,' 2016b). Furthermore, CTAT is compliant with
the LTI (Learning Tools Interoperability) standard, whose main objective is to establish
standard means of integration of distance learning applications with hosted course plat-
forms. '

CTAT was designed to create Cognitive Tutors, which provide step-by-step guidance as
a student is learning a complex problem-solving skill via practice (Aleven et al., 2016b).
Cognitive Tutors are based on ACT-R, a theory of cognition and learning that promotes
the strengthening of knowledge via the practice of skilled tasks (Anderson et al., 1997).
CTAT tutors typically provide different types of feedback to their students: either feed-
back given regarding the correctness of each step in solving a problem, error-specific
feedback messages triggered by erroneous steps, and adaptive problem selection based
on skill assessment (Corbett, 2001).

CTAT supports the creation of two types of tutors: example-tracing tutors and rule-
based cognitive tutors, the key difference between them being that example-tracing
tutors can be applied in problems that have a limited-branching solution space and
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can be created without programming but using problem-specific authoring (Aleven
et al., 2009). On the other hand, rule-based cognitive tutors require Al programming
to build a cognitive model of students but can handle problems even with larger so-
lution spaces (Aleven et al., 2010). While we initially intended to make a rule-based
tutor using CTAT due to its more capability for more sophisticated behaviors compared
to example-tracing tutors, we later realized that this would be a very complicated and
time-consuming undertaking that could potentially delay the completion of our doctoral
project. Furthermore, having carried out the Think Aloud experimentation in Iteration
3, we discovered that the solution space of our dictionary. tasks was not as extensive
as we previously thought, and that there were clear patterns of completion of the tasks
that could be extracted from the results of the experimentation and used for the creation
of behavior graphs. Figure 4.25 shows a side-by-side comparisonv of a graph extracted
from participant behavior during our TA experiment (on the left) and the corresponding
one, created with CTAT for a learning activity (on the right). Using the behavior graphs,
we could then define the optimal, suboptimal and erroneous paths within the learning
activities, assigning specific tutor behavior to each step in the path.

Nonetheless, there are still issues regarding CTAT. For instance, it is not an open-source
software (although it may be used freély for research purposes), which prevents modi-
fication or peréonalizétion of its code to better correspond to the needs of ITS develop-
ers (Luccioni et al., 2016). Furthermore, the newest version of CTAT, which allows the
creation of a tutoring interface using HTMLS, was, at the moment of creating our ITS,
still in its early stages and required an extensive amount of programming compared to
previous CTAT versions, which enabled the creation of Java and Flash interfaces with
minimal amounts of programming. The HTML interface editor was added shortly after
the completion of STI-DICO. - '

In conclusion, the choice of the type of tutor implemented using CTAT was relatively
~ straightforward, but we remain conscious of the fact that choosing an example-tracing
tutor can be seen as simplifying the process of dictionary consultation and its cognitive
underpinnings. However, in the case of STI-DICO, since we have defined the tasks
based on authentic dictionary consultation situations in Iteration 2 and validated them
via a Think Aloud protocol in Iteration 3, we remain convinced that using an example-
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based paradigm for creating our ITS does not reduce its complexity. We are aware of
the different paths that can be taken in solving the tasks proposed in our ITS and are
confident that representing them using behavior graphs will endow our tutor with all of
the necessary functionalities and capabilities to provide coherent, adaptive tutoring to

its users.

4.4.2.3 STI-DICO Architecture Version 3.0

Having chosen CTAT as the authoring tool to use in the development of our ITS, we
still had other choices to make, notably in the architecture and tools to use in order to
host STI-DICO. While it was possible to utilize existing CMU tools such as DataShop
and TutorShop to host our prototype and enable us to manage learner skill tracking and
. session management, we also explored other options that exist to integrate a CTAT tutor
back end with an LMS front end.
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In a 2016 article entitled “STI-DICO: a Web-Based System for Intelligent Tutoring of
Dictionary Skills”, presented at the WWW2016 Workshop on Web Science and Tech-
nology for Education in the scope of the 25% International World Wide Web Confer-
ence, we presented Version 3.0. of our ITS architecture (which can be seen in Fig-
ure 4.26), consisting of a service-oriented ITS architecture integrating an LMS inter-
face with an intelligent back-end designed using CTAT. We believe this to be a very
promising development path for the next generation of ITSs, since it allows their de-
ployment on a much larger scale than traditional server-based architectures by using an
LMS as their interface and for the user-management functionalities. Having carried out
a survey of existing LMS and the different integration options that they offer, we set-
tled on employing Open edX as our LMS of choice to deploy STI-DICO. In the article
'citcd above as well as in the current section, we will justify our choice and describe the
~ architecture and functioning of Open edX. '

Open-edX is an open-source LMS platform designed using a sfack_ of technologies, in-
cluding Python programming language, Nginx, Django, MySQL and MongoDB (Sanchez-
Gordon and Lujén—Mora, 2016). Due to its Web service-oriented architecture, Open
edX is able to provide services to and accept services from other software using stan-
dard Web protocols using a cloud infrastructure. The advantage of this type of archi-
tecture is that it enables LMS deployment from a laptop or a small cloud server and
to scale to a multi-server infrastructure to cater to tens of thousands of students by ad-
justing to an increasing or decreasing demand for computing resources. Furthermore,
. Open edX’s modular architecture ‘supporfs the LTI (Learning Tool Ihtegration) stan-
| dard, which aids its eventual integration with CTAT tutors, since CTAT tutors are able
‘to use the LTI standard for communication.

‘Finally, a major advantage of Open edX is that it allows course authors to insert custom

" . JavaScript activities and HTMLS5 widgets directly into courses while allowing these el-

ements to be evaluated in the same manner as Open edX activities. These factors are
the most important in the case of our research project because, having already chosen
CTAT as the authoring tool we will use to design our ITS, it was important for us to be
~ able to use LTI to integrate STI-DICO with TutorShop and therefore utilize its student
logging and tracking capabiliﬁes. If we had decided to go entirely with Open edX to
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deploy STI-DICO, the easiest way to carry this out would be to insert problems de-
veloped with CTAT directly into Open edX courses, allowing them to be evaluated by
the LMS itself, and adding accompanying explanatory videos and/or other multimedia

components to improve the user’s learning experience.

In early 2016, in order to explore the applicability of Open edX in hosting a CTAT tutor,
we formed an exploratory team which included several Masters’ students in Computer
Science as well as an expert in Open edX. We worked in direct collaboration with the
CTAT team at Carnegie Mellon University, who provided us with support and guidance
in integrating CTAT tutors with an LMS. We tested several different options of inte-
grating CTAT and Open edX and evaluated them based on the feati;res and ease that
they permitted us. The final architecture that we proposed for this integration, which is
presented in the 2016 article cited above, was inspired by a recent project by Aleven et
al. (2015), which demonstrated the technical feasibility of integrating CTAT with Open
edX using the LTT standard. '

As it can be seen in Figure 4.26, the functioning of Version 3.0. of our architecture
is as follows: (1) a learner identifies themselves using a MOOC LMS platform, such
as Open edX. (2) The LTI protocol is theh initiated and the learner’s login is sent to
Tutorshop, which hosts the learner’s profile and student module. Tutorshop then (3)
sends the problem corresponding to the learner’s proﬁlé to the learner’s browser, which
contains all the necessary inner loop features to function independently on the learner’s
computer, in steps 4, 5, 6 and 7, the tutor provides hints and feedback to the learner via
the ITS inner loop, until the activity has been completed. Then, in step (n+1), the stu-
dent model is sent back to Tutorshop, which updates the student model that it contains
and (n+2) sends the evaluation of the learning activity completed (in terms of skill and
knowledge evolution) to the MOOC, and (n+3) proposes another problem correspond-
ing to the learner’s updated knowledge state. This architecture is similar to the ones
described by Aleven et al in their article describing the potential of integrating CTAT
with LTI (Aleven et al., 2015).

From an architectural point of view,vthe main challenge of our architecture was its scal-
ability: with very large numbers of users, a server-based tutor engine can be faced with
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Figure 4.26: Version 3.0. of our ITS Architecture, Integrating a CTAT Tutor with Open
edX '

severe server load. To tackle this issue in their CTAT-edX experiment, Aleven and col-
leagues developed a JavaScript version of the tutor’s inner loop in order to distribute a
large part of the computational workload to the student’s computer. A more long-term
solution for the scalability problem is to distribute the workload of the CTAT/TutorShop
server from one unique server to many identical servers behind a load balancer, which
will allow horizontal scalability. While this solution would require some significant
software re-engineering for the CTAT team, it is feasible and stable. On our end, we
have developed a contingency plan involving the usage of the JS Input-mechanism if
ever LTI integration becomes an issue, which in the case of STI-DICO is not very
probable because it remains a proof-of-concept ITS. However, if ever STI-DICO were
further developed, it would be necessary to implement a more extensive architecture
that permits horizontal scalability, since thousands of students accessing the ITS at the
same time would cause it to crash. Other options include using the edX Xblock for
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CTAT or CTAT’s SCORM integration, which have the benefit of serving learning ob-
jects from the LMS server, which has more potential for scalability. We explored these
options as future paths for STI-DICO development, but did not implement them in the
final version of our prototype. ' '

This version of the architecture was positively accepted at the International World Wide
Web conference in April 2016 and was subsequently used to create a set of proof-of-
~ concept learning activities integrating CTAT with Open edX for the purpose of our
presentation. However, this type of hosting prevented us from gathering extensive data
regarding learner performance and behavior, features which CMU’s TutorShop allows.
Since it was necessary for us to gather. this data for the evaluation of our prototype
(see Section 4.4.5), we therefore decided to use TutorShop for the hosting of our initial
prototype, and DataShop for the analysis of the data gathered. We describe this fourth
and final version of our ITS architecture in the following section. ‘

4424 STI-DICO Architecture Veréion,4.0

TutorShop is an LMS designed to seamlessly connect with cognitive tutors created us-
ing CTAT. It is free to use for any student, teacher, or educational designer to gather data
and learning analytics for non-commercial research purposes (Aleven et al., 2016a).
Furthermore, hosting our ITS with Tutorshop also allows us to integrate seamlessly with
DataShop, which is the principal data framework and Web application of the Pittsburgh
Science of Learning Center (PSLC)®. DataShop is described as “the world’s largest
framework of learning interaction data” and is responsible for the data collection for
learning experiments conducted by the PSLC, providing services on data reporting and
analysis (Koédinger et al., 2010). It has a variety of functionalities and tools such as a
data server which includes security and backup of data collected during experiments,
24-hour Web access to the server via queries to extract data regarding different charac-
teristics, and a set of data analysis tools such as learning curves and error rates. Another
advantage of DataShop is that it is also fully integrated with CTAT tutors, enabling
student-tutor interaction data to be automatically collected and treated by DataShop
and giving designers access to reports on their data in real time. A

Shttp://www.learnlab.org/
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The philosophy behind DataShop is that it promotes moving towards a common set
of standards for sharing data, to facilitate storing and sharing data across disciplines
and sources and enabling the application of more extensive EDM (Educational Data
Mining) analyses on a more detailed scale. The types of data that can be stored and
analyzed via DataShop are: student-tutor interaction data, as well as related publica-
tions, questionnaire responses, screenshots, demographic data, electronic artifacts, etc.
that may be useful in interpreting results. DataShop also allows mapping between
problem sets and their associated skills and concepts (knowledge components), which
enables longitudinal studies of skill acquisition, within a single experiment or across
several experiments. In terms of quantify of data, as of June 2009, DataShop has 164
datasets from 50 projects, which encompass 25 million student-tutor interactions that
cover more than 110 000 hours of interaction time (Koedinger et al., 2010).

Using TutorShop and DataShop is a major advantage for the final architecture of our
- ITS as well as its evaluation, since it gives us the opportunity to easily visualize and an-
alyze all the data generated by our testers. However, this hosting option gives us limited
control over certain key aspects of our ITS, such as account creation and session man-
agément, which will be important in the long run. For this reason, if ever STI-DICO
progresses beyond its prototype Version», we plan to migrate all of the activities that we
have developed to a local version of Opén edX on our servers and to develop a script
that will enable us to gather and analyze learner data. While this is not straightforward,
it has been done for other CTAT tutors and involves writing and running a JavaScript
code that will enable us to directly gather the data generated by our ITS (which is in a
format defined by CTAT) and store it on our own servers. We have explored the code
that has been generated for other ITSs and feel that it is possible to create our own if
we need it for a full, permanent version of STI-DICO. However, for the time being, the
Tutorshop hosting option is sufficient to both host our ITS and provide us with outer-
loop functionalities, which are our priority for the final prototype of STI-DICO.

As it can be seen in Figure 4.27, the functioning of our ITS remains similar to that of
Version 3.0., except without no MOOC intermediary and no LTT protocol : all interac-
tion is carried out directly between TutorShop and the learner’s browser. The steps, as
indicated in Figure 4.27, are as follows: (1) a learner identifies themselves on Tutor-
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Figure 4.27: Version 4.0. of our ITS Architecture

shop, which also hosts the learner’s profile and student module. Based on the learner
profile stored on its servers, Tutorshop (2) sends the problem corresponding to the
learner’s profile to the learner’s browser, which contains all the necessary inner loop
features to function independently on the learner’s computer, in steps 3, 4, 5 and 6, the
tutor provides hints and feedback to the learner via the ITS inner loop, until the activity
has been completed. ‘Then, in step (n+1), the student model is sent back to Tutorshop,
which updates the student model that it contains and (n+2) sends the evaluation of the
learning activity completed (in terms of skill and knowledge evolution) to the MOOC,
and (n+3) proposes another problem corresponding to the learner’s updated knowledge
state. There is also an indirect link with DataShop (not shown in the Figure), Wthh
gathers all of the learner data and can be used for learner analytlcs

In conclusion, for Version 4.0. of our architecture, while CTAT provided us with signif-
icant aid for developing a tutoring back end, notably tools that we used to author reason-
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ing rules for the system and behavior graphs for the exercises, we will extend CTAT’s
core architecture with other components to better meet the needs of our project. For in-
stance, in order to adequately represent the domain knowledge taught in STI-DICO, we
will expand the domain module created with CTAT with a taxonomy of concepts and
skills which will enable us to represent the hierarchical nature and inheritance of the
knowledge to be acquired by learners, and implement a simplified version, via CTAT,
to our ITS.

Furthermore, to enable learners to be aware of their strengths and weaknesses and de-
velop a meta-awareness of their own knowledge state, we will implement an Open
Learner Model (Bull et al., 1995; Bull, 2004) that will visually represent the concepts
and skills that a learner has already acquired and link them with their corresponding
activities, and evolve with the learner’s progress in real time. We will describe all of
these components and their implementation in the following section.

4.43 STI-DICO Prototype Development

4.43.1: Applying the 4C/ID Model

While DBR provides us with the general process to be followed in generating principles
and solutions to be applied in a context of application, it does not specify the model to
be applied while developing the personification of these principles (i.e. the prototype
produced by the pfoject). Since in the case of our doctoral research project, our aim is
to create a functional ITS prototype that would implement these principles, we needed:
a more practical model to guide us in our implementation. For this purpose, we chose

“the 4C/ID (Four Component/Instructional Design) model (Van Merriénboer, 1997; ?;
Van Merriénboer et al., 2002; Van Merriénboer and Paas, 2003), since it provides a
framework with which it is possible to develop an interactive, functional learning tool
with a solid theoretical base and a concrete application. We will present this model in
the current section.

The 4C/ID model is an instructional design model consistent with Cognitive Load The-
ory(Sweller et al., 1998), which aims at fostering complex learning while minimizing
cognitive load, i.e. the total amount.of mental effort to be used in the working mem-
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ory. While the 4C/ID model considers the cognitive load imposed by each instructional
task as paramount to its design, it does not limit itself to only simply reducing the
load, but also considers other design factors and learning theories, notably Anderson’s
ACT (Adaptive Control of Thought) theory (Anderson, 1993; Anderson et al., 1997).
The 4C/ID model also privileges authentic learning anchored in specific application
contexts. In order to ensure a properly designed learning environment and optimize
learning, the 4C/ID model requires the following four components: (a) learning tasks,
(b) supportive information, (c) procedural information, and (d) part-task practice . We
will describe each of these components in the current section, and briefly describe how
we implemented each component in STI-DICO.

~ A, Scaffoiding whole-task practice

" €. Part-task practice

................................ 4

i000000000:
EXOOOOOOOOOE A

Figure 4.28: Schematic Representation of a Training Blueprint for Complex Learning
(taken from van Merrienboer et al., 2003)

4.4.3.1.1 Learning Tasks

In the 4C/ID model, learning tasks are seen as activities that engage the learner in a
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problem-solving process given a start state and a set of criteria. They are meant to
engage learners in applying mental operations to generate a solution, a process which
is especially demanding in terms of working memory capacity (Van Merri€nboer and
Paas, 2003). In the case of STI-DICO, since we are basing ourselves on existing pro-
grams at language didactics at UQAM, as well as a course module developed by Trem-
blay (2009), we had a good idea from the start regarding the complexity of the learning
activities and content that we aim to cover, as well as the pedagogical strategies to ap-
ply. Based on Tremblay’s course, we generated authentic learning tasks and separated
them into 4 modules. These activities were .vetted by Tremblay herself, who is one
of our thesis Supervisors and therefore in the perfect position to use her experience in -
creating modules for future teachers in order to help us create our learning activities.

In terms of the amount of cognitive support for learners, we based ourselves on the
Think Aloud cxperiment that we carried out in Iteration 3 (see Section 4.3) in order
to define profiles of STI-DICO users-beginner, intermediate, and advanced-based on
their answers and behavior and adapt feedback accordingly. We aimed to replicate the
»sawtooth pattern” advocated by the 4C/ID model (see Figure 4.28) with each task at
the beginning of a topic providing extensive guidance which is gradually reduced as
the learner advances. We also validated our choice and form of guidance an exp_eﬁ in
language didactics to ensure that we are coherent with the pedagogical approach used
at UQAM and that we provide adequate guidance for STI-DICO learners. We also
aligned this guidance to complement the information provided at the beginning of each
set of tasks as well as during the tasks themselves, the format and details of which we
will present in Section 4.4.3.4. ’

4.43.1.2 Information to Support Learning
In the 4C/ID model, there are two types of information and two correspondihg ap-
proaches to providing them: supportive information for long-term learning, retention,

and transfer, and procedural information, for on-the-spot difficulties and explanations.

Supportive Information
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In terms of supportive information, which aims to give more theoretical information be-
fore the learner starts carrying out a learning activity, we based ourselves on an existing
course in language didactics (Tremblay, 2009) as well as course materials from courses
given at UQAM, which we used to develop explanatory texts which were provided at
the beginning of each module. To optimize the delivery of information and to reduce
cognitive load, which within an ITS can be high, we aimed to keep the supportive infor-
mation provided in our learning environment as simple and cognitively undemanding
as possible, starting each STI-DICO module out with introductory texts that presented
the topic of each set of tasks and by giving examples of their application in real-world
situations. Our target was to keep these texts short in order to give learners a global
idea of the set of tasks and especially their utility in their day-to-day teachings.

Each learning activity in STI-DICO also included one or more text boxes containing

additional supportive information, which was preseﬁted to learners at key moments,

explaining certain concepts covered in the exercises in more depth. Furthermore, in the

cases of more complex topics which are not covered as extensively in teacher training

at UQAM, we will direct the learners to websites such as “Ouvrir le dictionnaire” and‘
the Guide section of Antidote, which go into more technical details regarding the topics

at hand. Howeyver, to avoid overloading learners, we aimed to limit the amount of new

information tQ the minimum they need in order to situate themselves within the task

and to project themselves in the situation, and to maximize the authenticity and appli- '
cability of the information provided in their future teaching careers.

Procedural Information

In terms of procedural information, the CTAT suite makes it easy to implement just-
‘in-time hints and feedback during the learning activities, which can be added directly
into the behavior graph of each learning task (see Figure 4.29). This information can
be varied depending on the level of the learner and his or her previous performance
on similar tasks and presentéd either as hints, as feedback, or simply as instructions
given to the learner at the beginning of a step or a task. This procedural information is
complementary to the more complete, supportive information provided between tasks
or at the beginnihg of a set of tasks. It can cover the concrete aspects of a task, for
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Pole 1 : Lecture de texte

Une locution se définit
g}com.me étant “un type d'unité
i lexicale qui est construite

gd ‘expressions composées de
g_plusmurs mots-formes

o SRR N,
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Figure 4.29: A Hint Displayed During the Completion of a Learnmg Actlvzzy ( left) and
Its Corresponding Behavior Gmph (right) .

instance how to improve a specific task by targeting repeated words, or else the usage
of an external tool, such as Antidote, in order to help the learner carry out the task. In
coherence with the scaffolding principle described previously, this type of explanation '
will be present more for tasks in earlier modules and reduced more and more as a
learner progresses. We will describe in more detail how we implemented these hints
and feedback (which correspond to the inner loop of the ITS) in Section 4.4.3.6.

4.4.3.1.3 ~Part-Task Practice

In terms of learning tasks, while learning activities and scaffolding are important, it is
also important to establish an order for these elements to ensure that a learner is prop-
erly supervised and supported at all time during the learning process. This is w'hy it
is important to modulate task complexity depending on the learner and thelr learning
context, starting learners out with simpler learning tasks and progresswely moving on
to more complex ones (Van Memenboer et al., 2003). In the case of STI-DICO, each of
the four modules starts out one or several scenario(s) which aim to plunge the learner
into representative situations that they will face or have faced in their daily lives: for
example, finding an unknown idiom in a text and having to look up its meaning in a
dictionary. We ask STI-DICO users to find the necessary information using Antidote,
guiding them in their quest with hints and feedback provided by the ITS. Once the
learner has completed the initial scenario(s) of each module, STI-DICO will recom-
mend other, more targeted and theoretical activities based on the learner’s weaknesses.
For example, if in the above example, the ITS user was unable to find the meaning of
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the idiom in the phrase, the ITS may recommend a question regarding idioms, their
meaning and their specificities, and how to look for them in an electronic dictionary.

4.4.3.2 Developing the Visual Aspect of the STI-DICO Interface

Due to the Web-based architecture of our ITS and our aspiration to remain as coherent
as possible with recent computing trends, we aimed to develop a tutor interface that
was as light-weight and flexible as possible. From the 3 interface options proposed by
CTAT (Flash, Java, and HTMLY5), we found that the latter was the most suited for our
ITS. This is due to the fact that using Flash raises a host of issues (security, mobile
device support, compatibility with browser plug-in technologies), and is increasingly
unsupported by a variety of operating systems and browsers. Java, on the other hand,
provides more flexibility and easier Web integraﬁon, but the development of a Java in-
terface remains complicated for non-programmers, and while the CTAT suite simplifies
the process immensely, a fair amount of programming is nonetheless needed. Finally,
creating an HTMLS interface would also allow seamless integration with a variety of
LMS using the LTI protocol, which would enable us to eventually host our ITS via
an LMS such as Moodle or Open edX, making it more accessible to the general pub-
lic (Luccioni et al., 2016), as we described in Section 4.4.2.3.

In order to develop the STI-DICO interface, we were limited by the allowances of the
CTAT tool suite, which only permits the usage of CTAT HTML components in order
for them to be compatible with the intelligent tutoring capabilities. What this means is
that, while it is possible to insert images, videos and static content directly in HTML
using standard tags, any content that requires user manipulation or tutor feedback must
come from those that have been developed by CTAT. Furthermore, while CTAT has
a large number of components available in HTML, a significant portion of these are
aimed at mathematical and scientific exercises involving fractions, pie charts, tables,
etc., whereas onnly a few of the components are generic enough to be used in language
exercises such as those proposed in STI-DICO (we will discuss this in more detail in
Section 4.4.3.4).

Since there are many different conceivable configurations for the visual aspect of an ITS
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interface, a choice had to be made regarding the position of various elements, notably
the hint and feedback window, the activity instrﬁctions, and the exercises themselves.
Having experimented with several different configurations, we settled on positioning
the hint and feedback window on the left of the screen, and added the supplementary
functionality of the box being flexible, meaning that it follows the learner when he or
she scrolls vertically through the learning activities.

Furthermore, we felt that it was especially important to enable the design of more com-
plex questions with text and multimedia items that follow one another vertically — oth-
erwise, the length of each learning activity is limited by the screen height of the learner,
assuming that it is desirable to have hints and feedback available at all times (which we
feel to be the case). For this reason, we adopted a three-panel interface design, with
the hint and feedback window on the left, the main body bf the activity in the center,
and additional optional elements on the right of the screen. This also reduces the cog--
nitive load of the learﬂer, since they are not obliged to scroll back and forth between
the question, the hints and feedback, and the buttons to navigate to the next question or
to ask for help. This is a major part of the 4C/ID model, which stipulates that help and
feedback must be easy to request and integrated well within the learning interface.

In Figure 4.30, one can see the different elements of the STI-DICO interface:

1 The name of the learning scenario and its elements, on the left part of the inter-
face, in the sidebar; '

2 The Help button, in yellow, on the left, which is used to ask for hints;

3 The Help window, to the left of the Hint button, where the text of the hint shows
up; '

4 The Done button, in green, beside the Hint button, which must be pressed at the

end of each activity to move on to the next one;

5 The Skill bars, which evolve as the learner progresses in the exercises and present
the Open Learner Model for the learner to consult;
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Mise en situalion 1 1

Vous &tes professeur au primaire, et un de vos apprenants vient vous voir parce
qu'il ne comprend pas le sens de "avaler' dans la phrase suivante :

« Lentreprise Quebecor avale la filiale du Journal de Montréal»

1. Quelle est Ia caractéristique de AVALER qui empéche sa compréhension

4 dans ce contexte particulier?

#; son orthographe

2. Que devrait-on taper dans la barre de recherche d'Antidote pour
Tetrouver le sens de AVALER? (Plusieurs options sont possibles)

Figure 4.30: Screenshot of the STI-DICO Interface

6 The feedback provided with regards to the learner’s answers: it may be green (i.e.
correct answer), yellow (i.e. incomplete answer) or red (i.e. incorrect answer).

A similar interface is used by the ITS developed by the University of Massachusetts
Amberst, MathSpring (see Figure 4.31), designed by a team of professional instruc-
tional designers and used by thousands of students for preparafion for standardized
tests in the United States (Arroyo et al., 2010). We were inspired by the MathSpring
interface to create our own interface, and were reassured by its success. We also val-

idated the design of the interface with members of our research team, experimenting
with different configurations and choosing the one most appreciated by our team.

Once the visual aspect of the STI-DICO interface was completed and validated, we
could proceed to the course design phase of STI-DICO, namely the planning of each
- module of our ITS and the activities and scenarios that constitute them. We describe
this phase in the following section.



180

*

MATHSPRING  cminremessas

ComED Gy D emEn

L= ]
i eltes wd Sl i o e S D -
@ et B it | o o s Y ol T bl
J — S Y Wbt B
e}
ary
[) = e B T 1)
‘ Lt i s s o e s Safes sAwlied S A0
, P i
E— 2
OF
'
S o
o ®1
—
(OF
Tegit Practurs Revaw
Starcarts 40 )2

Figure 4.31: A Screenshot of the MathSpring Interface

4.4.3.3 Designing the STI-DICO Modules

Aécording to the 4C/ID model, well-structured content that has links to real-life situa-
tions is more likely to be integrated (Van Merriénboer et al.,‘ 2003); for this reason, we
made sure that we kept our modules structured around concrete situations and tasks. It
is also important to define an order and a succession for these elements to ensure that a
learner is properly supervised and supported at all times during the learning process. A
solution proposed by van Merriénboer and colleagues is to start the learners with sim-
pler learning tasks, progressively moving on to more complex ones (Van Merriénboer
and Paas, 2003). o

In our case, this consisted of proposing straightforward tasks such as finding the def-
inition of an unknown word first, followed by more complex tasks, such as searching
for the meaning of idioms or collocations. Furthermore, the model precludes provid-
ing learners with adequate supportive information prior to beginning the learning task
or tasks, giving them the opportunity to construct cognitive schemas and store them in
long-term memory and to activate them during task performance in their working mem-
ory. In order to ensure this, we developed theoretically sound, pertinent introductory
texts that were provided at the beginning of each module, to help learners acquire the
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theoretical knowledge that they will need to complete the module_.At the conclusion of
this step, we had a plan of each of the 4 modules, including the list of concepts to be
covered, the introductory texts, and detailed descriptions of each learning scenario and
activity, including hints and guidance to be provided in the case of different types of

CITOTS.

As we have previously stated, after the expert evaluation of our model in Iteration 3,
we restructured it in order to better reflect the steps that users follow during various
dictionary tasks, in coherence with the DBR methodology (see Annex C for the final
version of our model). This restructuring enabled us to better represent the dictionary
consultation process, as well as to define and target specific concepts and skills that we
wanted to cover within the scope of STI-DICO. We defined 4 modules that together
cover the majority of situations in which a dictionary is consulted : reading a text, plan-
ning to write a text, improving a text, and correcting a text. We kept these 4 modules
and their scenarios as the 4 modules of STI-DICO, building all of the learning activities
and scenarios around them.

In order to create the backbone of STI-DICO, we defined a structure for each module,
based on the 4C/ID model and its components. For each module, the structure is as
‘follows: Introductory text and list of concepts covered in the module, authentic sce-
nario(s) of tasks involving using the dictionary, supported by targeted information and
explanations, and Exercises targeting specific lexical concepts and/or skills.

For instance, Module 1 (‘Reading a Text’), has the following elements and structure :

1. Introductory text : a few paragraphs describing the application of the concepts
during dictionary consultation and their utility in the classroom

2. Concepts covered: lexical unit, idiom, vocable, polysemy, metaphor, metonymy;
3. Authentic scenarios :

(a) Scenario léPolysemy and metaphors (i.e. find the meaning of a polysemous
word based on its context)

(b) Scenario 2—Collocations (i.e. find the way to express a givén meaning by
using a collocation)
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(¢) Scenario 3—Idioms (i.e. find the meaning of an unknown idiom)
4. Targeted exercises:

(a) Differentiating between a lexical unit and a vocable
(b) Finding the core and metaphorical meanings of a word
(c) Identifying idioms in a text

(d) Exploring a dlctlonary entry to find different elements (head word, number
of meanlngs 1d10ms etc.) )

‘We made similar schemas for all 4 modules of our ITS, ensuring that we listed all of
the concepts that were idéntiﬁed at the beginning of the module, and designing activ-
. ities that could cover all of them. For the authentic learning scenarios, we kept the
tasks that we used during our Think Aloud protocol experiment in Iteration 3 since
they were already well thought-out and designed, and, more importantly, because we
had already extracted empirical behavior graphs from the experimentation that would
enable us to create the correspondmg behavior graphs usmg CTAT. However, for the
targeted exercises that accompanled each scenario, we consulted various sources such
as documents and slides from workshops and activities carried out by Tremblay during
the last 7 years. From these documents, we were able to glean ideas for designing activ-
ities that covered specific concepts, as well as activities that called upon the dictionary
to resolve specific issues. Keep in mind that depending on learner performance and
skills acquired, the ITS may choose not to propose all of the exercises to them.

Overall, we designed a total of 20 learning activities, ensuring that the learning activ-
ities within a module were coherent with each other, and that there was a progression
in terms of difficulty and feedback, in accordance with the 4C/ID model. We aimed |
to replicate the “sawtooth pattern” advocated by the 4C/ID model, with the scenarios
at the beginning of each module providing increased learner guidance and scaffolding,
gradually reduced as the learner advances within the module.

At the conclusion of this step of STI-DICO development, we had: a plan of each mod-
ule, including the list of concepts to be covered, the introductory text, explaining the
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concepts and making the link with classroom situations that mobilize them, and de-
tailed descriptions of each learning scenario and activity, including hints and guidance
to be provided in the case of different types of errors (see Annex D). It was based on

this document that we could proceed to developing the learning activities using CTAT-
HTMLYS.

44.3.4 Creating STI-DICO Learning Activities and Scenarios

The next step of ITS development consisted of creating the learning activities to be used
in STI-DICO. Learning tasks, in Cognitive Load Theory and the AC/ID model, are seen

" as learning activities that engage the learner in a problem-solving process given a start
state and a set of criteria. In the case of novice learners, learning and performing these
types of tasks at the same time is seen as incompatible due to insufficient working

‘memory capacity, which is why it is particularly important to structure the learning
environment in a way that reduces cognitive load and fosters learhing. Furthermore,
in the 4C/ID model, learning tasks must be authentic, meanihg based on real-life tasks
to facilitate the transfer of skills and knowledge between the learning environment and
real-life applications (Sun et al., 2001; Van Merri€nboer et al., 2003). This entails that
authentic task design must reflect real-life task complexity and variability, generélizing'
from concrete experiences taken from situations that the learners have faced previously
or will face in the future. We based ourselves on existing programs at language didactics
at UQAM, as well as a course module developed by Tremblay (2009), to generate
authentic learning tasks and to integrate them within our interface.

Our learning activities and scenarios consisted of 6 types of componenté:

1. Check Boxes—for multiple-choice questions with several possible answers

2. Quelies sont les informations qui sont fourmies par la section 'Champ
iexical' d'Antidole, ci-dessous?
(plusieurs réponses sont possibles)

{ i Des mots qui ont des Hens de sens avec 'peur

{7 Des mots dérivés morphologicuement de "peur”
{"Je ne sais pas

§ Soumetire {
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2. Combo Boxes—for drop-down selection lists used notably in fill-in-the-blank

exercises

6. Utilisez 1a section ‘cooccmrrences’ de peur ci-dessus afin de remplacer les
expressions soulignées dans le texte suivant:

a. Depuis son accident sur un bateau a 5 ans, elle avait une § peur bleue ~
e piiimioiseomiasocni P
{peur issue de I'enfance) de 1a mer.

3. Drag N Drop—where textual or image elements must be taken from a ‘source’

and dropped into one or several ‘sinks.’
2. Regroupez les différents sens de MOUTON’ dans les encadms ci—dessaus

OXCLOXT)

Sens 1 " Sens 2 Sens 3 Sens 4 Sens 5

4. Jumble—where several items, initially in a random order, which must be put in

the correct order

1. Par rapport 3 1a barre d'options i droite, mettez en ordre de pertinence les
sections appropriées pour faire une hanque de motls a I'aide d'Antidote: :

5. Radio Buttons—for multiple-choice questions with one possible answer

3. A partir de Ia section "Champ lexical’, ot devez vous regarder pour trouver

1a force {la fréquence) d'utilisation des mots indigués avec le mot recherché?
e (" L'ordre des mots

¢"s La taille des mots

¢ Les barres bleues a droite

"y Cette information ne figure pas
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6. Text Input—for free-form text answers
2. Repérez le suffixe dans les mots suivants:

fourgonnette

Sumxe: PO ———
| Soumettre

While these components gave us sufficient leeway in terms of developing our learning
activities, we were nonetheless limited to using only these 6 types of components in the
design of all of our learning activities and scenarios. This called for a certain amount of
imagination and simplification of our initial learning activity plans. In the present sec-
tion, we will address the most common difficulties that we encountered while designing
our learning activities using CTAT and how we overcame them, presenting some exam-
ples of specific exercises from STI-DICO.

1. Developing Open-Ended and Free-Form Questions

| 7. Etudiez 1a section ' * de colére, ci-d , et utilisez les
emples fournis afin d'écrire trois de vos pmpwes phmses avec 3
. cooccurrences de colére diﬁerenus.

Ut:hse les exempxes
auseinde la

ction afin de formuler tes
propres exemples.

% ux lois de by mure?.

|

iy o mands shrvique o6 s aveods meei, Sticn

‘Sesul oyttt 3 Emuite < -;Maamm

e Sandenc Mool 44 o Sesgbte, £¥is
i

roikie
ideenelle, @' ol s mocird Venfes ok,
e i, Binte Wt raje Gk
\ gy
- 2 « >

. ia zne i 2 ta gdusc E Setwaiscem

,:ldonhﬁarh serkion qui présente Ie ok  Révoiistion est a0 U2 comme un tamex e dbchainement

isaler 1a racine d'un dérive :&mm pout Pcronglisvenentdes |
i Construire une famills lexicale 3 parti

une i i

wikigiis

Ie: spctio]

Figure 4.32: A Question Involving Free-Form Text Input in STI-DICO
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The main issue that we had while developing the learning activities in STI-DICO was
our desire to includé more open-ended questions, such as Goal-Free Tasks (in which
learners must define the goal state themselves) and Creative Tasks (in which learners
have to invent or imagine the solution to a problem), as advocated by the 4C/ID model
for more advanced learners (Van Merri€nboer, 1997; Van Merriénboer and Paas, 2003).
However, choosing to make STI-DICO an Example-Tracing CTAT Tutor reduced our
problem solving state to only a few demonstrable solution paths and did not give us the
possibility to carry out any kind of advanced text analysis on learners’ answers.

Nonetheless, we included several questions in which learners had to, for example, use
a word or an idiom in a phrase that they came up with (for example, as seen in Fig-
ure 4.32, where the learners were asked to create phrases with collocations in them).
‘While the ITS could not evaluate the quality of the phrases that the learner came up
with since we could not carry out advanced text evaluation, the creative process that
we ask them to go through (assuming their sincerity in carrying out the exercise) was
sufficient for the purpose of this exercise.

For other types of text input questions, for instance those in which a learner must iden-
tify an idiom in a phrase, we employed the Regular Expression and Wildcard niatching
capabilities of CTAT. For instancé, if the phrase in the question was “She was blind
as a bat” , the idiom that the learner must locate would be “blind a_s a bat”. In order
to recognize the correct answer, we write the idiom, as is, in the input matching win-
dow and choose ‘Exact match’ (see Figure 4.33). However, if we also want our tutor
to recognize any phrase that contains ‘blind’ but is not the correct answer, we can use
a wildcard match *blind* and pair this to a feedback stating that part of the idiom is
correct, but that some elements are missing, such as “Good job, you found part of the

answer, but something is missing! Try again!”.

Furthermore, regular expression matching, similar to that employed in Java and other
programming languages, can be used in CTAT in order to match a specific number of
characters apart from the idiom itself: for instance, ‘blind as a.” would match ‘blind as
a’ followed by any character, since the period represents any single alphanumeric char-
acter. This regular expression would therefore recognize “blind as a cat ”, or “blind as
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Figure 4.33: Wildcard Input Matching in CTAT

a bird”, and provide feedback regarding the semi-completeness of this answer. Being
able to utilize wildcard and regular expression input matching certainly gave us more
ﬂexibility in terms of the answers we cvan'acceptand, more importantly, adequately
evaluate and provide feedback for. However, even with several input matching expres-
sions checking a single exercise, it was still difficult to anticipate all possible learner

answers and address all misconceptions or errors.

Finally, in CTAT, it is possible to match any other student input using the ‘Any Match’
option, which is called upon only if none of other inputs are identified—for instance, in
the case provided above CTAT will verify if, it is possible to match the correct answer
(“blind as a bat”), then all semi-correct answers using a wildcard or regular expression
(any text with ‘blind’ in it except ‘blind as a bat’), and finally, if none of these inputs
are identified, CTAT will look for any other answer (using the * syinbol), which will
receive a generic error message, which can also contain advice regarding a good strat-
egy to locate the idiom in question, for example “Sorry, that’s not the correct answer.
Have you tried looking for the metaphorical part of the phrase?”. |
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What simplified our task is that in CTAT, wildcard and regular expression matches are
evaluated only if the exact answer is not found. Therefore, first the system will look
for “blind as a bat” in the learner’s input; if it doesn’t find it, it will look for ‘blind’ or
any other wildcard defined, and only if none or those are found will the system send
a generic error message such as “That is not correct, try again!”. All of these op-
tions make it possible to be quite precise in terms of providing error-specific feedback
that will be useful to the learner. Nonetheless, we could not apply any kind of NLP
techniques to analyze the syntax or semantics of learners’ answers, as we had initially
planned. '

!26. glb-answer, ¥comme uriz taupe:

{38, g ll-answer, myops comme unx..,! unnamed;

{Reconnaitre-locution Lexicale:

Figure 4.34: An Extract of a Behavior Graph Used for Matching in CTAT

All of the types of input matching described abdve, when used together, often resulted
in very complex behavior graphs like the one shown in Figure 4.34, since we needed
to predict up to 5 or 6 possible answers that the learner could enter using both regu-
lar expressions, wildcards and exact input matching, and provide them with a different
feedback for each answer. Also, in some cases, several correct answers were possible,
which further multiplied the solution paths in the behavior graphs.

2. Component Design and Behavior

A secondary issue we encountered was the limitation of the design of the 6.components
that we used to create our learning activities : they all came with predefined parameters
and attributes that were often hard to modify. For instance, all of the components have
attributes, such as dimensions or behavior, which can subsequently be modified manu-
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ally via CSS style code. On the one hand, this is time-consuming, since it is necessary
to add many lines of CSS code before the actual HTML script, but also because it is
then complicated to modulate the attributes for different components. For instance, if
the interface of a question had several text boxes of different sizes, the CSS attributes
of each one must be defined separately in terms of size, alignment, extendability, etc.

Furthermore, a very time-consuming aspect of the interface design was making each
new question within an exercise appear once the previous question was complete. In
our case, this was necessary because the answer of one question would often depend
on the answer of the previous question, so having both of them appear at once would
reveal the answer prematurely. In CTAT, program this kind of behavior is done via
the behavior graph itself: certain components are added in a way that make them ap-
pear at different moments during the solution of the task. Howevér, the issue is that
when many components are concerned, the process becomes more complicated, since
the components that appear at the same time must be grouped together, which is then
called upon in the behavior graph. This not only makes the overall behavior graph quite
large, since it doubles in size, but also makes the design process much longer and more

complicated, with more room for error.
3. CTAT Usability Issues

The final major issue we encountered while developing the STI-DICO interface using
CTAT was its usability. While CTAT is a very advanced and well-designed tool, there
are aspects of its design that are less user-friendly: for instance, it is impossible to work
on several interfaces in parallel, since each HTML interface must be linked to 2 specific
behavior graph, which must remain open during the editing procéss. Subsequently, one
cannot simply design the interface without having an active behavior graph open in -
CTAT. This made our development process problematic, since we first designed the vi-
sual aspect of the interface without working on the user behavior. Having to have CTAT
open all the time, and not being able to tweak and improVe elements of two or more
learning activities in parallel, made the development process much more time consum-

ing.
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Furthermore, while initially CTAT was designed to make it possible for non-programmers
to make ITS, the HTML version of CTAT available at the time of creating STI-DICO
required a significant level of knowledge and mastery of HTMLS in order to make fully
functional exercises. While other versions of CTAT, notably the Flash and Java interface
versions, allow for a ‘drag and drop’ creation of interfaces, the 2016 HTML version re-
quires actual coding, as well as a manual definition of component attributes and design.
While the author was initially fairly competent in HTML and considered herself at ease
with website design, the usage of CTAT-HTMLS5 required a whole different level of
mastery, often requiring extensive consultation of online forums and questions sent to
the CTAT team in order to fully comprehend how to insert and modify a CTAT element,
since the HTML5 version of CTAT was still a work in progress. While this resulted in a
much more advanced and complete knowledge of HTMLS at the end, it also took much
more time and effort to achieve desired results.

The result of this step in the development of the STI-DICO prototype was a functional
HTML interface with four moduleé, for a total of 20 learning activities, with each learn-
ing activity acco'mpanied by its corresponding behavior graph, which at this point rep-
resented only the correct and incorrect actions and answers, without tutor interventions.
The next step in the development was therefore the identification and attribution of the
skills and concepts evaluated during each exercise in each learning activity, in order to
enable the tutor to track the learner’s progress and provide them with adéquate guid_ahce
and feedback at each step of the resolution process. |

4.435 Identifying Mobilized Skills and Concepts

The underlying reason for the creation and evaluation of our model of dictibnary skills

and concepts in Iterations 2 and 3 was to ensure that we had, on the one hand, covered
the entirety of the theoretical concepts and practical skills mobilized during the dictio-
nary consultation process in Iteration 2, and, on the other, that the link established was
corroborated empirically, which was done via the Think Aloud experimentation in Iter-
ation 3. Since we reused all of the tasks from the Think Aloud protocol in the creation
of STI-DICO, we had the advantage of having actual evidence regarding the skills that
were mobilized by users at each step of the task, as well as the differences between
average and advanced dicﬁonary users, which could then be directly transferred to the
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creation of behavior graphs using CTAT. For example, Scenario 1 from module 1 (find-
ing the meaning of a polysemous word based on its context) was taken directly from
the Think Aloud experimentation. Basing ourselves on the behavior of subjects during
the experimentation and the resulting behavior graph, we were able to predict the errors
and alternative paths that learners could take, and use them to create the behavior graph
for this activity in CTAT.

In accordance with van Lehn’s vision of Intelligent Tutoring Systems (2006), the inner
loop provides step-by-step guidance and feedback within the ITS, as opposed to the
outer loop, which is responsible for selecting the next learning activity based on the
results of the previous one. In order to establish the inner loop for all of STI-DICO’s
activities, it was necessary to define the multiple levels of hints that are provided to the
user upon request within each question, as well as the correct and incorrect messages
that appear after a learner provides an answer to the question.

This was carried out based on 4C/ID model principles, with questions from Module 1
providing more feedback and more ‘scaffolding’, i.e. devices and strategiés that sup-
port learning within the environment, which were subsequently scaled back, with later
modules giving the learner less explicit hints regarding how to solve the question. This
scaffoldirig is meant to help learners to achieve goals that are unachievable otherwise
and, eventually, when the learner has acquired sufficient skills and knowledge to carry
out some parts of the task on their own, the support gradually diminishes, until it disap-
pears Cpmpletely and the learner can carry out the entire task autonomously. The 4C/ID
model also advocates a “sawtooth pattern” to scaffolding, with the first task in a class
using a lot of support and the last task requiring no support, with a decreasing amount -
of guidance between the two (Van Merriénboer and Paas, 2003), which we implenient—
ing by writing up more extensive hints and support for tasks from the first modules, and
less extensive ones as the learner progressed. '

Furthermore, in the 4C/ID model, information of low complexity that is useful for
supporting the performance of specific tasks can be presented precisely when learners
need it during their work on the task at hand, consisting of brief, how-to instructions
and explanations regarding the application of specific rules or principles in practice,
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accompanied by concrete facts and concepts that are prerequisites to correctly carrying
out procedures within learning tasks (Kester et al., 2001). We implemented this in the
STI-DICO prototype by providing learners with brief explanations with supplementary
information regarding a task or concept covered in a learning activity, often accom-
panied by screenshots or examples, to help them understand the applicability of these
elements in their everyday lives, provided at key moments of the learning process by
the inner loop.

We started out the skill identification phrase with a list of all 20 learning activities cre-
ated for STI-DICO, as well as their constituent exercises. For the activities that weére
evaluated during the Think Aloud protocol, we could directly assign the skills observed
during the experimentation. For the activities which were not part of the experimenta-
tion, we based ourselves on our literature review (comparisons with similar tasks that
were empirically validated by other researchers) as well as our own knowledge of the
dictionary tasks and the skills that they require. While most exercises mobilized a sin-
gle skill, for instance, identifying an idiom in a phrase, others mobilized two or more
skills: for instance, searching for an idiom in a dictionary requires identifying its base
word, since in most dictionaries, idioms are stored under their base world, as well as
mastery of the search function of an electronic dictionary in order to access the neces-
sary information.

The fe_sult of this step was a 3-column table identifying, for each exercise, the descrip-
tion of the skill(s) mobilized and the name of the skill, since in CTAT each skill must
be identified at each step of the exercise by a unique identifier (see Table 4.12, above,
and Annex C). This is a similar to, but mofe flexible than, the Q-matrix in Item Re-
sponse Theory (Xin et al., 2004) which links skills to the items that evaluate them, in
order to track user progress and carry out cognitive diagnosis. In our case, we used this
table for manually tagging the CTAT behavior graphs that were previously created for
each learning activity. In CTAT, once a behavior graph is created for a given learning
activity, it is then possible to assign one or multiple skills to each step in the graph
(see Figure 4.35). Furthermore, skills can be classified into skill sets, which repfes‘cnt
general categories of skills. In our case, we used the same classification as was initially
established in our model, of meta-lexical, lexical and dictionary skills.
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Table 4.12: An Extract of the Table Identifying Skills Mobilized in STI-DICO Learning
Activities

Exercise number Skill Description Skill Name
Exercise 1 Recognizing the usage of a lexical Reconnaitre-polysemie
unit belonging to a polysemous
vocable
Exercise 2 Finding a word in the dictionary Recherche-electronique
using the search function
Exercise 3 Knowing how to make use of the Exploiter-sections
different section of electronic
dictionaries
Exercise 4 1) Choosing the correct meaning in 1) Choisir-acception  2)
C : a dictionary entry 2) Taking into Contexte-sens-polysemique.
account the context of the phrase to
infer the appropriate meaning of a
lexical unit belonging to a
polysemous vocable

By comparing Table 4.12 and Figure 4.35, one can see that the skill names listed in the
rightmost column of the Table correspond to the ones tagged on the behavior graphs :
for instance, the first question of the activity corresponds to recognizing the usage of a
polysemous vocable, so it was tagged with the skill name ‘Reconnalitre-polysémie’, and
accompanied by a short version of the description (as can be seen in the CTAT window
that appears near the behavior graph). This is how the transfer was made: first we de-
fined and deécribed the skills using tables, then transferred them to the CTAT behavior
graphs. V | ' =

Once the behavior graph for each learning activity was tagged with the corresponding
skills, it is used by CTAT and TutorShop to track learner progress in terms of the skills
they must master within the ITS, since the skill bars are updated at each step of learner
progress and shown on the left of the user interface. The skill bars shown represent the
students’ mastery of each of the skills in-the learning activity : if the student performs
a step correctly and there is a skill assigned to it, the yellow bar on the left of their
screen which corresponds to that skill will increase in size, turning green if the skill
is considered as mastered by the student. For each time a hint is requested, the incre-
ment of skill made after the completion of the activity is reduced: the more times that
a student asks for help, the less points they will receive upon completing the step cor-
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Figure 4.35: Identifying Each Step of the CTAT Behavior Graph with its Corresponding
Skill(s) ) - | -

rectly. Finally, if the student performs the step incorrectly, the yellow bar will decrease
in size. The skills are also used by the tutor to choose each subsequent activity based
on the learner’s mastery of the skills involved in the outer loop of the ITS. We chose the
TutorShop’s Mastery Learning algorithm, based on Bloom’s learning theory (BloOm,
1956), to choose each subsequent learning acfivity,'mean_ing that the ITS proposes the _
activity that targets the skills that the learner has yet to develop. ‘

In Figure 4.36, one can see a learning activity from STI-DICO on the right, and on
the left the skill bars that reflect how the learner’s knowledge state has evolved: some
skills are still hardly covered (such as the first and third skills), whereas others have
‘progressed quite far (such as the second skill). In the case of STI-DICO, we alwéys
adhered to the Open Learner Model paradigm (Bull et al., 1995), since we believe that
it is important for learners, especially ones that have already have a significant level
of knowledge in the knowledge domain such as those targeted by STI-DICO, to have
access to the ITS representation of these skills. By integrating the skill bars in the
STI-DICO interface on the left of the screen, and therefore making them accessible to
learners at any moment during their learning experience, we hope to make them more
aware of their own knowledge state and of its progression throughout the learning ac-
tivities. During the ITS evaluation that we carried out once our prototype was compléte, ‘
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Figure 4.36: Skill Tracking in CTAT

we tested the utility of the skill bars for learners and to what extent they were consulted
during the learning process : the results of this evaluation can be found in Section 4.4.5.

4.43.6 Establishing the Inner Loop of STI-DICO : Intelligent Tutoring Behavior

Having identified the skills mobilized by our learning"activities and added them to the
behavior graphs, our next step in designing the STI-DICO interface was adding the tu-
toring behavior to each step in the same graphs. In van Lehn’s vision of ITSs (2006),
this type of guidance belongs to the inner loop of the ITS, which provides step-by-step
guidance and feedback within the ITS, as opposed to the outer loop, which is responsi-
ble for selecting the next learning activity based on the results of the prevjous one.

In CTAT, adding this inner loop guidance is done separately for each step in each behav-
ior graph: upon the selection of each step, a “Hint and Success Message’ menu can be
accessed, which enables the designer to modify the following options (see Figure 4.37):

1. The different levels of hints that can be provided When the learner clicks the Hint
button

2. The success message given in the case of a correct answer-
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Figure 4.37: The CTAT Windows Used to Edit the Success and Hint Messageé (Left)
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3. The “buggy” message given in the case of an incorrect answer.

Furthermore, buggy messages can be defined for as many incorrect answers as needed
(defining the incorrect answers and/or using wi]dcal_'d and regular expression matching,
as described in Section 4.4.3.4), and it is possible to define a generic error message that
will be provided if none of the inputs defined are a match. In Figure 4.37, one can seec .
the two windows that are used in CTAT to define and edit the success and hint mes-
sages (on the left), with the different levels of hints that are provided each time a user -
clicks the Help button, and, on the right, the window used to define the single feedback
message that is sent when an incorrect or partially correct answer is given.

We based ourselves on the results of the Think Aloud experiment to predict common
errors and problems that the learners could encounter, so we could plan in advance-for
the hints and guidance that may be needed by learners of different levels of proficiency.
In order to do this, we used the behavior graphs from the Think Aloud experiment and
identified common errors and transgressions, assigning each one with a hint or expla-
nation to guidc learners back to the correct solution path for the task at hand. While this
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was initially done by hand by tagging the branches of the solution graphs, the result of
this tagging was later transposed to the CTAT behavior graphs in the forms of hints and
feedback (see Figure 4.37).

This was one of the most time-consuming steps in the development of STI-DICO, since
for each question and sub-question of each learning activity and each module, after hav-
ing defined the correct, incorrect, and partially correct answers, we also had to come up
with meaningful hints and feedback to be provided to the learner in order to guide them
towards the correct solution, while respecting the scaffolding principle as defined by the -
4C/ID model. Scaffolding consists of any devices and strategies that support learning
within the environment. While initially, scaffolding enables learners to achieve goals
that are unachievable othcrwise, eventually, when the learner has acquired sufficient
skills and knowledge to carry out some parts of the task on their own, the support grad- -
ually diminishes, until it disappears completely and the learner can carry out the entire
task autonomously. The design and timing of support is fundamental because both ex-
cessive and insufficient scaffolding can actually slow down the learning process: it is
therefore important to determine the type and amount of scaffolding to provide, de-
pending on the learner and the task at hand. This meant giving more hints and guidance
at the beginning of a module, or for a skill that was not previdusly covered, and reduc-
ing it little by little as the learner progressed in their activities.

While in many cases, this was fairly straightforward, in others, it wasn’t as easy to pre-
dict all possible errors and the guidance that could be provided in each case, so we had
to do a lot of reflection with regards to the errors that the learner can make and what
kind of hints and feedback they could benefit from. In any case, it is an open ques-.
tion whether it is necessary to provide specific feedback for all possible answers that
a learner can come up with. Whereas it is impossible to predict all possible answers
before deploying an ITS, the data gather following deploymeht can help improve hint
coverage. :

More concretely, in the case of the learning activity described in Table 4.13, one can
see that it is a multiple choice question with 4 possible answers: one correct and three

incorrect. For each of the incorrect answers, we provide feedback that reflects the error
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that the learner made: for answer (a), the learner picked a literal meaning of a word
instead of the figurative one, which we tell him via the feedback message. In the case
of answer (c), while the learner picked a figurative meaning, it was not the correct one;
in the case of answer (d), he picked a meaning which has to do with sports, which is
not at all the context of the phrase. All of the feedback provided can be seen in the
"Feedback’ column of the Table.

Table 4.13: An Excerpt of the Inner Loop Table for Question 4, Scenario 1, module 1

Question - ~Answer Options Feedback Hints
What is the A) Ingest via the In this sentence, the 1) Re-read the initial phrase.
definition of throat meaning of SWALLOW is ‘What is the meaning of
SWALLOW, in’ ' not its literal meaning, buta | SWALLOW, among those
the context of the figurative one. Try again! listed below?
sentence above? e
. B) Bravo! You have found the 2) SWALLOW has a
FIGURATIVE - correct answer to this figurative meaning in the

sentence, meaning that itis
not the literal meaning of
the word, but a
metaphorical one.

Absorb, integrate question. Keep going!

O While this is one of the 3) The meaning of
FIGURATIVE — figurative meanings of SWALLOW in the phrase is
Believe easily, let SWALLOW, it is not the ”” to absorb or integrate”.
oneself be duped correct one in the present Which answer does this
context. Try again! correspond to?
D) SPORTS — The current sentence is not
overcomea | about sports.. Try again!

distance quickly

Essentially, each question was assigned 3 levels of hints, with an increasing level of
specificity, which are only given to the learner upon request via the Hint button (see
Table 4.13). Sor'ne'questions, which we judged more complex, had 4 or even 5 levels of
hints, going into more detail regarding the nature of the problem (see Table 4.14). Fur-
thermore, questions with a set number of answers and a single correct answer, such as
the multiple-choice question in Table 4.13, had a specific feedback message assigned to
each answer option, which only appeared if the learner selected that particular answer
and addressed the specific misconception that selecting that answer entails.
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Table 4.14: An Excerpt of the Inner Loop Table for Question 6, Scenario 1, module 1

chose the correct
meaning of
SWALLOW,
given the context
of the phrase?

correct one; *

answer, since it

depends on the

context of the
phrase. Try again!

Question Answer Options Feedback Hints
‘What would be a The figurative The figurative Imagine that you are looking at the
good way to meaning is meaning is not dictionary entry for SWALLOW..
know that you always the always the correct What would be a good way to

know that you have picked the
correct meaning of the word, given
the context of the phrase?

Consulting the
Conjugation
section of the
dictionary; *

The conjugation
section will not
provide you with
information
regarding the
meaning of the
word.. Try again!

There are two correct answers
among the 4 listed below.

Replace the word
with its definition

Bravo! You have
found the correct

Often, replacing a word with its
definition gives us a good idea

&& Compare the answer to this regarding whether we picked the
examples question. Keep correct meaning or not. Can you
proposed in the going! find the other strategy among those
dictionary entry listed below?
with the initial
phrase _
ANY Sorry, this answer is The second answer is : Compare

only partially
complete. There’s
another correct
answer among those
proposed. Can you

find it?

the examples proposed in the
dictionary entry with the initial
phrase, since this enables you to
compare the two linguistic contexts
and see if they resemble each other.

However, for questions with many possible answers (such as jumbles, drag and drops,

text input, etc.) or those with several correct answers (such as a multiple-choice ques-

tion with 2 out of 4 answers that are correct, we had to use wildcard or regular expres-

sion matching in order to cover as many possible answers and provide the most useful
and targeted feedback. For instance_, the question in Table 4.14, below, is “What would

be a good way to know that you chose the correct meaning of SWALLOW, given the

context of the phrase?” and it has 4 answer options:

1. The figurative meaning is always the correct one;
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2. By consulting the Conjugation section of the dictionary;
3. By replacing the word with its definition;

4. By comparing the examples proposed in the dictionary entry with the initial
phrase.

In this case, both 3 and 4 are correct answers and both must be chosen for a fully
correct answer. This results in 15 possible answer combinations, since the learner can
pick one, two, thiree or four of the options proposed, which makes it difficult to define .
each possible answer individually within the behavior graph. We therefore defined 4
different feedback options, presented in Table 4.14:

e any answer where the first incorrect answer option, (1), was chosen, by itself or
accompanied by any other answer; '

e any answer where the second incorrect answer option, (2), was chosen, by itself

or accompanied by any other answer;
e one answer where BOTH correct answers (3 and 4) were chosen,;

e 2 partially correct answers, when either of the correct answers, but not both, were
chosen (the ANY option).

These 4 answer options cover all of the 15 possible answer combinations for this ques-
tion, without, however, defining each possible answer separately. We used this ap-
proach, employing wildcard symbols such as *, as well as regular expressions such as
&& (and), | | (or), etc., to define the answer combinations. Furthermore, in cases of
jumbles and drag and drops where the combinatorics of possible answers were very
big, we simply defined a few correct or partially correct answers, using the ‘ANY” (*)
answer matching in order to provide feedback in all other cases where the answer was
incorrect. While this limits the personalization of the feedback provided, we always
made sure to cover the key errors or misconceptions that the learners may have and to
address them via feedback. In cases when learners provided answers that were outside
those that we identified individually (i.e. gcneric ‘erroneous’ answers), we directed
learners towards hints or explanations that can give them more information about the
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context of the queétion or ihe scenario at hand.

Once we had defined all the inner loop actions provided by STI-DICO’s tutoring com-
ponent via tables such as those shown above, we converted these tables to CTAT be-
havior graphs, conserving all of the hints and feedback as defined in the tables. After
this was completed, we tested the functionality of the inner loop for each question, try-
ing out a variety of answers and learner behavior to ensure that all possible answers
could be addressed by the ITS. This made us aware, in some cases, of answers that we
had not defined in our inner loop tables, so we added rows to thé tables and solution
paths to the behavior graphs. This was done iteratively and took several weeks and we
were not sure that all poséible learner answers were covered, which is something that
we measured in the evaluation of our prototype. The final inner loop tables and the
final behavior graphs can be consulted in Annex C. Having completed this step in STI-
DICO development, we moved on to its final development step, consisting in defining
the outer loop behavior for our ITS.
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4.43.77 Establishing the Outer Loop of STI-DICO : Choosing Learning Activities

To deploy the initial prototype of STI-DICO, we decided to use TutorShop, the LMS
developed by Carnegie Mellon University explicitly for use with ITS created using
CTAT. This choice was made because, while CTAT is a standalone tool that creates
tutors that can be used separately and deployed locally on a website or server, doing so
limits student knowledge tracing to only within each learning activity (the inner loop),
and not between questions (the outer loop). Therefore, an ITS created using CTAT but
deployed locally is only, essentially, half-functional. Furthermore, while we initially
wanted to use Open edX to host our ITS, we wanted to continue gathering and ana-
lyzing the information produced by its learners, which was very challenging given the
- customized nature of the output produced by CTAT tutors, albeit possible if the integra-
 tion was done correctly. We discuss our hosting choice in more detail in Section 4.4.2.4,
but in general Tutorshop gave us many features that would be hard to achieve with a
standalone ITS created with CTAT, and was more than adequate for the deployment of
our STI-DICO prototype. In the present section, we will address two aspects of using
TutorShop for deploying an ITS : on the one hand, the management of outer-loop func-
tionalities, and, on the other, management of more “traditional” LMS functionalities. _

4.4.3.7.1 Using TutorShop for Managing the ITS Outer Loop

A major advantage of TutorShop is that it seamlessly integrates tutors created using the
CTAT tool suite, proceSsin‘g the behavior graph and tutor interface.files and connecting
them while indexing the skills that they mobilize. In fact, TutorShop provides several
functionalities: defining each problem set, its settings, skills, problems within it and
the selection algorithm for these problems, managing learner accounts and progress,
etc. This enables the establishment of the so-called “outer loop” of the ITS (Vanlehn,
2006; VanLehn, 2016), _Which chooses each subsequent agtivity based on the learner’s
existing acquisition of skills and knowledge, and.those that they have yet to acquire.
As we mentioned in section 4.4.3.5, while a student is completing a learning activity in
STI-DICO, the skills that are mobilized by the activity are represented by bars in the
learning interface, which are updated in real time with each student action, enabling the
student to be aware of their own learning path.
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However, these same skills are then used by TutorShop for selecting the next learning
activity to be suggested to the learner once they have completed one. In fact, TutorShop
enables using different selection options for choosing learning activities: Sequential Or-
der, Random Order, Mastery Learning, Random Prerequisites, Remote Selection and
External Selection. While most of these selection algorithms are fairly straightforward
(sequential and random order, for instance), the one that is of interest to us is Mastery
Learning, since it gives us the opportunity to carry out skill tracking within each of the
modules of STI-DICO.

In the Mastery Learning Algorithm, the tutor selects problems that involve skills that

the learner has yet to master. This is based on the juxtaposition of several levels of skill
tracing : step-to-skill, then activity-to-step, then problem set to activity. This means
that for each problem set, the tutor stores all the skills that are mobilized and how many
times each is mobilized, and is then able to select the problem with the highest quantity
of un-mastered skills. This algorithm works within a module which still means that the
learner is free to select the module that interests them - for instance, if they prefer to
focus on text improvement, they can select module 3, all the while receiving adaptive
feedback both within each activity and in terms of activity selection within the module.
This means that both the inner and outer loops are covered, and the resultihg tutor is
“complete” in terms of Van Lehn’s definition. We will describe this behavior during the
ITS evaluation, in Section 4.4.5.

4.4.3.7.2 Using TutorShop for LMS Functionalities

TutorShop is designed to give teachers and educational designers the opportunity to
create class lists, view reports of the learner’s progress, and assign specific tasks and
activities to groups or individuals. This was an important functionality for us because
- for both initial prototype testing as well as subsequent ITS deployment, we wanted to
assign both the entirety of STI-DICO as well as its modules to learners. In order to
carry out this type of learner management, we created student accounts for each of the
learners using our ITS, assigning them to a class (for instance, ‘Prototype Testing’)
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and providing them with assignments consisting of all or part of STI-DICO’s modules.
Then, TutorShop automatically produces learner reports for each of the students, which
allow tracking their progress both in terms of the learning activities completed as well
the skills acquired, in a similar way to the Open Learner Model (Bull et al., 1995).
While TutorShop itself allows a basic level of tracking, in order to have access to more
advanced tracking and data mining functionalities, we employed another CMU tool,
DataShop, which we described in section 4.4.3.5, and which provides us with the abil-
ity to collect learner data and to analyze it using various statistical tools and algorithms.

In the case of our project, since our ultimate goal is simply to create a functional, proof-
of-concept prototype of STI-DICO, we did not aim to exploit all of the functionalities
_ that DataShop offers, but li'mited ourselves to tracking learner progress in terms of the
time spent on each activity and the number of hints requested, as well as the evolution of
the skills across learning activities and modules. We complemented this with qualitative
data gathered during the prototype-testing and evaluation phase of our project, which
we will describe in Section 4.4.5 of the present thesis. First, however we will present
the final prototype of STI-DICO and describe its functioning.

4.44 Presentation of the Final STI-DICO Prototype

In this section, we will present an overview of the learning activities and their func-
tioning, accompanied by screenshots and examples of the feedback and hints provided
by the ITS. For a full list of all of activities and their accoinpanying CTAT behavior
graphs, consult Annex D. ‘

. 4.44.1 STI-DICO Introduction

All learners start their learning path with a general introduction to STI-DICO, its goal
and its functioning, along with a demonstration of how to ask for a hint, how to sub-
mit an answer, how to interpret the skill bars, etc., accompanied by instructions from
the ITS. We found that this was important in order to ensure that learners were well
acquainted with all of the features of our ITS and were comfortable with using it.



205

Pole 1 : Lecture de texte Introduction

Dans ce pble, vous allez couvrir les concepts suivants:

e

+ Unité lexicale
+Locution

« Yocable

s Polysémie

« Métaphore

« Métonymie

» Genre prochain

Une grande partie des consultations du dicionnaire ont lieu dans des contextes de
lecture.

Exempiles de c ltation du dictic ire dans le contexte de lecture :
- Trouver la définition d'un mot inconnu

- Trouver le sens d'une expression idiomatique

- Trouver le sens d'un mot polysémigue

- Trouver I'étymologie d'un mot

Forir compte du cantoxte pour inféret | Nous allons commencsr par des activités inspirdes de situations que vous pourriez

Saveir exploiter lex sectiec ;g avec vos éloves en salle de classe. Ces situations vous permettront
ohercher ia forme etle sensdelat | goyniorer davantage les concepts et les démarches associés a la consultation du

econnaiire une locution dans une ph & cﬁcnhaire' i )

econnaitre Yusage d'une collocation °

etrouver In zone consacrée 1 dest ’
iftérencier ta base st e if da

Cliquez sur le bouton 'Fint’, en baut & gauche de votre écran, pour passer
- au prochain exercice

Figure 4.39: A Screenshot of the Introduction to module 1 of STI-DICO

44.4.2 Module 1: Reading

The first module of STI-DICO presents the dictionary consultation situations that can

scenarios, since the majority of dictionary consultations take place while reading a
text (Scholfield, 1982, 1999). This includes, for instance, using the 'dictionary to look
up an unknown word, the meaning of an idiomatic expressidn, of a polysemic, word,
etc. We started out module 1 with an Introduction to the concepts covered in the mod-
ule and a brief overview of the utility of the dictionary in a reading context. As it can
be seen in Figure 4.39, this introduction was brief but meant to position the learner in
the context of dictionary consultation while reading.

The three scenarios of Module 1 Wére’ the following:

o Looking up the meaning of a polysemous word: with seven questions regarding
how to identify a word with several definitions, how to search for it in Antidote,
and how to choose the correct meaning based on its context
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o Looking up the meaning of an unknown expression: with four questions which
introduce the learner to the concept of an idiomatic expression, how to identify
them and how to use Antidote to find their meaning

e Looking up word combinations: with four questions that explain what common
word combinations are, which section of Antidote gives information regarding
them, and how to exploit this section in the classroom to help students write bet-

ter texts

‘Since this is the first module proposed to the learner, we provided them with more
detailed hints and feedback, in coherence with the scaffolding principle from the 4C/ID
model (see Section 4.4.3.1.2). ‘ ‘

4.44.3 Module 2: Planning a text

The second module of STI-DICO included learning scenarios linked to planning to

write a text. This consists of identifying words and groups of words that are common
E to the text’s theme, in order to make the writing process more fluid and quicker. Dictio-
naries are very useful in this step, since by exploiting the right sections, the writer can
find related words that he or she would not have come up with initially. This module
started with an introduction similar to the one that we described for Module 1 - in it, we
described the.context in which a dictionary can be useful while planning the writing of
a téxt, and cited related concepts, such as the lexical family, semantic derivation, lexical
relations, etc.

Since there are not many different types of situations in which dictionaries are useful
~ during this step, we created one learning scenario for this module:

Creating a word bank: with six questions on how to build a word bank, the different
lexical relations that can be part of one and the sections of Antidote that are useful for
this task.
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4.4.4.4 Module 3: Improving a text

The third module of STI-DICO consists of learning scenarios around improving a text
once it was written: for instance, by replacing repetitive words by synonyms, generic
words by more specific ones, or too-familiar words by more adequate ones. The dictio-
nary is irreplaceable in this step because of the richness of synonyms, hyponyms and
hyperonyms that are contained in it, if one knows where to look.

Module 3 consisted of two learning scenarios:

® Replacing a repeated word by its Synonyms: with five questions based on an
example text written by a student that the user is asked to improve by using
Antidote: first by identifying the repetitive word, then by selecting the correct
section in which to find synonyms, choosing the right criteria to base oneself on
during the choice of synonyms, and finally by replacing the repeated word by its
different synonyms. |

e Replacing a colloquial word by a more formal one: with nine questions regarding
example sentences, asking the learner to identify which words are too familiar
and then to navigate Antidote to find the adequate words to replace them.

4.4.4.5 Module 4: Correcting a text

The fourth, and final, module of STI-DICO consists of learning scenarios regarding
how to correct errors in a written text using the dictionary. Often, self-correcting one’s
own writténr production is difficult, but using a dictionary simplifies this task because it
can give us information regarding the gender, register, or usage of a word, for instance
- the proposition that follows a verb or the article to be used with a noun. Once again, it
is important to know where to look to find this information in a dictionary.

Module 4 included one scenario:
Correcting erroneous phrases by using the dictionary: with twelve questions on how

to correct errors of various types (gender, combinatorics, etc. using Antidote, including
screenshots of sections where the information can be found for each type of error
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4.44.6 STI-DICO Targeted Learning Activities

Based on the learner’s performance in the four modules, STI-DICO subsequently of-
fers them some learning activities to go more in-depth into concepts covered in the
scenarios. While these activities are less immersive than the scenarios offered in the
four modules, which put a learner in a concrete situation where they need to use the
dictionary in a classroom setting, they are nonetheless authentic because they bring the
learner to navigate the dictionary to find specific information while learning about dif-
ferent concepts.

The targeted learning activity section of STI-DICO is also preceded by a brief intro-
ductory text, which explains to the learner why it is important to carry out the activities
and how they relate to the previous modules.

This 1s followed by up to ten learning activities,’ which are selected by the ITS based on
learner performance and the skills that they have acquired:

1. Distinguishing lexical units and vocables—with four questions on how to differen-
tiate lexical units and vocables, including how to identify them within a sentence
and within a dictionary entry. ' '

2. Recognizing the different meanings of a polysemous word-with seven questions
regarding how to recognize the literal and figurative meanings of a word (‘sheep’)
in different contexts, with the various relations that can exist between its mean-

| irigs, such as métaphorical and metdhymic reiations, and how to aﬁ)ply this infor-
mation in the classroom. |

3. Identifying idioms and finding their meaning in the dictionary—with three ques-
tions of different kinds: identifying idioms in sentences, then searching for them
in the dictionary, and finally using them in sentences to express different mean-
ings. ' '

4. Exploring a dictionary entry-with ten questions, starting out with a general ex-
ploration of a dictionary entry, then a presentation of its different elements (prin-
cipal meanings and sub-meanings, genus, etc.).
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5. Creating a lexical family—with five questions on what constitutes a lexical family,
what kind of information regarding lexical families can be found in Antidote,
and finally an exercise asking the learner to create the lexical family of the word

‘inquiry’ (enquéte).

6. Creating a morphological family-with two questions regarding the nature and
composition of a morphological family, as well as the Antidote sections that can
be used to constitute one.

1. Exploring lexical relations—with three questions regarding synonyms, antonyms,
hyponyms and hyperonyms, how to identify them within dictionary entries, and
- how to apply them in the classroom.

8. Using antonyms—with four questions regarding using antonyms in sentences, pick-
ing antonyms of different acceptions of a polysemic word, and applying them in
context.

9. Using hyperonyms and hyponyms—with five questions about generic and specific
words, how to use them in sentences, and how to find the appropriate information
- in Antidote sections.
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them in different contexts.

As we mentioned above, not all learners receive_d all of the activities, since'these were
chosen by the outer loop and only offered to the learner if they had not previously mas-
tered the skills evaluated by each learning activity.

All of the questions in each learning scenario and activity and their corresponding be-
havior graphs can be consulted in Annex D.

4.4.5 STI-DICO Prototype Evaluation

In order to ensure the functionality of our prototype’s inner and outer loops and to
gather data regarding users’ interactions with it, we carried out an evaluation with 3
representative learners from its target user group (future French teachers). While this
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was not an extensive evaluation of all aspects of its performance, we judged this evalu-
ation to be sufficient given that our ITS is still in its prototype form and that we did not
have the resources to extend and improve it in an exhaustive manner. We will describe
the participants, the evaluation itself and its results in the present section.

4.4.5.1 Evaluation Participants

In order to ensure that we test the STI-DICO prototype with subjects that are fully rep-
resentative of the target audience of the ITS, we recruited participants via e-mail from
. the teacher-in-training program at UQAM. Three participants, all female, responded to
our experiment proposal and came to evaluate our prototype. In order to have a 'bétvterv
idea of their linguistic background and knowledge, we asked them to fill out a question-
naire before the experiment. We will present the 3 participants, and the answers that
they prov1ded in the present section.

Participant 1’s last completed educational level was a Diploma of College Studies, and
she was currently enrolled in a Bachelor’s degree in Preschool and Primary School Ed-
ucation. She had followed French grammar courses during her Bachelor’s degree, but
had never had dictionary training, was not at all familiar with Antidote, and never used
it-at home nor at work.

Participant 2’s last completed educational level was also a Diploma of College Studies,
and she was enrolled in the same Bachelor’s degree as Participant 1 (Preschool and Pri-
mary School Education). However, she also said that she never took grammar classes
during her education, and also never having had dlctlonary training. Desplte this, she
was moderately familiar with Antidote and used it once a week on average.

Finally, Participant 3 had the same educational background as participants 1 and 2, also
did not take any grammar classes during her scholarity, but stated that she had taken a
class on dictionary usage as part of the course DDL5735 ("Writing and its. teaching at
preschool and primary school level”) at UQAM. Finally, she said that she was a little
familiar with Antidote and that she used it once a week on average.

It was interesting that our three participants, despite coming from similar educational
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levels and backgrounds, had varying experiences with French grammar and dictionary
usage - while Participant 1 said that she had previously taken French grammar courses,
neither Participants 2 nor 3 had done so. Also, while Participant 3 had limited dictionary
training as part of a course she had taken at UQAM, neither of the other two Participants
had taken this course. Finally, it was of particular interest for us that none of our
participants had extensive knowledge or made extensive usage of Antidote, since this
would permit us to see how useful our ITS is for transmitting knowledge and skills
regarding it.

4.4.5.2 STI-DICO Prototype Evaluation

The evaluation had 3 parts: the pre-questionnaire regarding subjects’ background and
experience, experimentation with the STI-DICO prototype, and a post-questionnaire.
While the 2 questionnaires were answered on-screen and the answers were saved in
electronic form, data regarding the participants’ interactions with the prototype was
gathered in two ways: the raw interactional data was gathered using DataShop and
their actions on the screen were recorded with a screen capiure software, Panopto’.
This was to ensure that we could analyze quantitative data regarding their behavior and
also to identify difficulties or problems that they had based on the recordings of their_
interactions. '

We let our participants to be as free as possible in their usage of the STI-DICO pro-
totype: aside from a general presentation of the project and ethics form before the ex-
perimenfation began, we only guided partiéipants_if they were stuck and needed help.
After completing the pre-experiment questionnaire, the participants were given an hour
with the prototype, then asked to fill out the post-experiment questionnaire regarding
the experiment. For Subjects 1 and 2, an hour was sufficient for the participants to
complete all of the activities and exercises that the ITS proposed to them. For Subject
3, the participant did not complete the activities after the hour was up, and we ended
the experiment once the hour was up. '

We were happy to observe that there were no technical errors or malfunctions during
the course of the evaluation — all of the activities and exercises functioned as they were

"https://www.panopto.com/



212

supposed to and the ITS did not crash. This was, after all, one of the objectives of our
testing : to make sure that the STI-DICO prototype was usable and functional. How-
ever, we did make a series of changes based on comments and suggestions that our
participants made (for instance regarding typos, errors or alignment), or on observa-
tions that we made based on their behaviors. A summary of all of the changes that we
carried out to the STI-DICO prototype after testing can be found in Table 4.15.

Table 4.15: Table Resuming the Changes Made to STI—DI CO After the Evaluation

Learning Activity Changes
Introduction Corrected typo
.. Changed dictionary section question from
| module I - polysémie jumble to drag and drop
| P1 - locutions No changes

Q1 — added more specific feedback

PIM3 - collocations Q2- added generic feedback

Exercice : unité vs.vocable _ No changes
Exercice : polysémie ' No changes v
Changed dictionary section question from
Exercice : locutions ' jumble to drag and drop
1 _ Q4- Added additional input matching
Exercice : explorer une Corrected question numbering
entrée Q4- Updated non-functional submit button
) , Changed dictionary section question from
module 2- famille lexicale ) jumble to drag and drop
Updated alignment
Exercice- famille lexicale Q3- Added generic feedback
Exercice - dérivation No changes _
Changed dictionary section question from

module 3 - synonymie jumble to drag and drop

Q4- Added additional input matching
Q4 — Added specific feedback
Q5- Corrected answer options

Q6- Added additional input matching

Exercice - antonymes Q2 — Fixed alignment

Exercice— hyperonymie : - No changes

Q1 - Added specific feedback
Q11- Added generic feedback
Q1 - Corrected answer options

Q4- Updated non-functional submit button

Exercice - collocations Q5 - Updated alignment
Q10- Added generic feedback

Corrected previous/next hint buttons

module 3 - registre

module 4- corriger les erreurs




213

In general, both our observations and participants’ remarks reflected that STI-DICO
was easy to use and straightforward in its functioning. While our participants had
found a few typos and minor errors (such as one submit button not functioning), they
did not encounter any major difficulties in the usage of our ITS. As can be seen in Ta-
ble 4.15, the only systematic change we made was changing all of the exercises that
required the learner to choose which dictionary sections were useful to solve a specific
problem - while they were initially Jumble-type (i.e. the users had to put the sections
in an order of importance), we later changed them to a Drag and Drop type (i.e. users
had to choose the section or sections that were useful and drop them in the drop space),
since we realized that participants had the most trouble in resolving these exercises.

While the correction of the minor errors that we resumed above was an important part
of our evaluation, an equally important part consisted of evaluating the inner- and outer-
loop functionalities of our ITS, and measuring participants’ performance in the activi-
ties. We will present the results of this evaluation in the next section.

4.4.5.3 Evaluation Results

We will present the results of our evaluation in two parts: first, the results of our obser-
vations of ITS behavior based on the video recording of participants’ interactions, and
second, the results of the data collected using DataShop.

4.4.53.1 Observation Results

Based on the video recordings of participants’ interactions with our ITS, we aimed
to evaluate two aspects: the functioning of its inner loop and the functioning of its
~ outer loop. These are the two key components of an Intelligent Tutoring System that
differentiate it from other E-learning tools, such as LMSs and MOOCs. It is for this
reason that we find it particularly important that STI-DICO has fully functional inner
and outer loop functionalities. We will describe our evaluation of these in the following
paragraphs.

Inner Loop Evaluation
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In order to evaluate our ITS’s inner loop, which is responsible for guidance and feed-
back provided within learning activities, we noted each time that the ITS provided
generic feedback (i.e. general incorrectness feedback without a specific error message,
and meaning that the cognitive reason for the subject’s behavior was not diagnosed by
the ITS), and each time that the ITS provided specific feedback, meaning that it recog-
nized the behavior (as either correct, incorrect, or partially correct) and addressed the
cognitive reason behind it via feedback. We present the results in Table 4.16.

 Table 4.16: Inner Loop Results from the Evaluation

% Generic feedback | % Specific feedback
module 1 18.31% , 81.69%
module 2 25.61% - 74.39%
module 3 13.72% 86.28%
module 4 23.45% 76.55%
Theoretical exercises 14.94% 84.23%
Average 19.21% : 80.63%

As it can be seen in Table 4.16, for each of the four modules as well as the theoretical
exercises, STI-DICO was able to provide between 74 and 86% specific feedback, with
an average of 80%. This means that in more than 80% of cases, STI-DICO was able
to provide the participant with feedback specific to their answer, based on the input
matching that we defined in our behavior graphs, and in 20% of cases they received
generic feedback assigned to any incorrect answer. This is very good news for our ITS:
while it is not a perfect score, nonetheless this means that the vast majority of behavior
could be identified and the misconceptions behind it addressed. This also means that
the behavior graphs that we created to manage the inner loop in CTAT were sufﬁciéntly
extensive to cover most user actions and to provide adequate feedback for them. From
| this, we can conclude that the inner loop of STI-DICO is fully functional and was able

to adequately address a hlgh percentage of learner behavior.
Outer Loop Evaluation

In order to evaluate STI-DICO’s outer loop, which is responsible for picking each sub-
sequent activity based on the learner’s knowledge state and skill mastery, we observed
the learning activities that STI-DICO chose for each of our subjects, to see if the order
of the activities was static or if they were chosen based on the subject’s progress. As it
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can be seen in Table 4.17, there was variety in the ITS’s selection of activities : except
for the modules that only have one learning activity (i.e. modules 2 and 4), all of the
other modules have a different order depending on the learner’s progress.

Table 4.17: Outer Loop Results from the Evaluation

Subject 1 Subject 2 Subject 3

1) Polysémie 1) Polysémie 1) Polysémie
module 1 2) Cooccurrences 2) Cooccurrences 2) Locutions

3) Locutions 3) Locutions 3) Cooccurrences
module 2 Banque de mots Banque de mots Banque de mots

1) Synonymes 1) Synonymes 1) Registre
module 3 2) R};,gistre 2) Registre 2) Synonymes
module 4 Correction d’erreurs | Correction d’erreurs | Correction d’erreurs
' 1) Antonymes 1) Antonymes 1) Antonymie

2) Locutions 2) Unité vs. vocable | 2) Unité vs. vocable

3) Unité vs. vocable | 3) Hyperonymie 3) Hyperonymie

4) Hyperonymie 4) Famille morpho 4) Famille morpho
Theoretical 5) Famille lexicale 5) Famille lexicale 5) Famille lexicale
exercises 6) Collocations 6) Collocations 6) Collocations

7) Famille morpho 7) Explorer une entrée! 7) Locutions

8) Explorer une entrée| 8) Locutions 8) Explorer une entrée

9) Polysémie 9) Polysémie 9) Polysémie

The most variation can be seen in the Theoretical Exercises, since they have the most
activities that the ITS could choose from: while the first activity was systematically the
one related to Antonyms, all of the subsequent activities are in a different order for each
of the 3 subjects. This indicates that the ITS was able to change its behavior depending
on the performance of each subject, selecting the exercises that were most adequate for
them. As we have mentioned before, the algorithm used here was the Mastery Learn-
ing algorithm in TutorShop, meaning that the ITS proposed the activity that targeted
the skills that the learner was most lacking. This is why, for instance, Subject 1 was as-
signed the ‘Idioms’ (Locutions) activity second within the Theoretical Exercise section
: the ITS identified that this particular activity addresses certain skills that this learner
was lacking, based on their performance in modules 1 through 4. For instance, it may
be that they had trouble with one of the scenarios in module 1, which also had exercises
regarding idioms. In comparison, Subject 2 was assigned the *Lexical unit vs. Vocable’
activity based on their previous answers, as the topic is covered in module 2, meaning
that their answers indicated that they needed more guidance on that subject.
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In conclusion, in terms of inner and outer loop performance, we believe that our STI-
DICO prototype was fully functional and high-performing on both counts : one on
hand, STI-DICO obtained an 80% specific feedback rate, meaning that it:was able to
diagnose and address the specific issues that the subjects had based on their behavior,
showing that the inner loop was well-designed and functional. On the other hand, each
of our three subjects had a personalized order of learning activities based on their skill
progression, which is evidence that the outer loop of our ITS was fully functional as
well. After these evaluations to ensure that STI-DICO was performing as it should,
we also analyzed learner behavior using DataShop to evaluate the dlfﬁculty level and
approprlateness of our prototype.

4.45.3.2 Data Analysis Results‘

Based on the raw data collected directly by DataShop, we were able to gather some
insight regarding Jearner behavior and performance, notably: the error rate for each
learning a¢tivity and by each student, the éverage step duration, and the number of
hints requested. We will present these three metrics in the present section.

Error Rate

The first metric that we looked at, the error rate, is the one that we consider to be the
best indicator of the level and the complexity of our ITS with regards to its future users.
In order to calculate it, DataShop measures whether any given question within-a learn-
ing was resolved by the learner from the first try, without hints or corrective feedback.
For the purpbses of our evaluation, we looked at the error rate for each of the learn-
ing activities in STI-DICO (for all three subjects together), as well as per subject. We
present both of these metrics below.

Error Rate Per Learning Activity
Figure 4.40 represents the percentage of incorrect vs. correct answers made in each of

the learning activities and exercises by all three subjects put together: for instance, in
the first activity from the top (‘Exercice - antonymes’), none of the subjects made any
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Figure 4.40: Learning Activity Error Rate Resulting from the Evaluation of STI-DICO

errors - the error rate is therefore 0%. The next activity, ‘Exercice - polysémie’, is the
next one, with a 6% error rate, followed by the synonym activity from module 3 (also
with a 6% error rate), all the way to the Collocation exercise, which had a 61% error
rate.

We interpret this metric as indicating the difficulty level of the activities in our ITS :
the exercise regarding antonyms was easiest for our subjects, and that regarding Col-
locations was hardest. However, we believe that this has to do with more than the
concepts covered in the activities and more with the activities themselves and what
they implicated - we have this opinion because exercises regarding the same concept
(collocations) were on both ends of the difficulty spectrum, in fifth with an 11% error
rate and in last placé with a 61% error rate. However, the activity that had the highest
error rate had more complex exercises and a more demanding level of difficulty, with
“subjects being asked to use collocations in context and to use the dictionary to find their

meaning, whereas the exercise regarding collocations was simpler, with more straight-
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forward questions regarding the identification of collocations and their meaning.
Error Rate Per Subject

Another aspect of the error rate that we looked at was that of each subject during the
evaluation of the prototype. While we do not aim to judge our participants on their
performance, we found it interesting to see which of the subjects made more errors in
order to correlate this with their profile, especially in terms of the training that they

have received in linguistics and in dictionary usage.

Error Rate (%}
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Figure 4.41: Subject Error Rate Resulting from the Evaluation of STI-DICO

As can be seen in Table 4.41, Subject 2 had the highest error rate (almost 15%), fol-
lowed by Subject 3 (12.7%) and finally by Subject 1 (10%). If we compare this with the

Subject’s profiles, we can see that Subject 2 had no grammar training and no dictionary
training, whereas Subject 3 had grammar training as part of one of her courses at uni-
versity, and finally Subject 1 followed several gramniar courses during her diploma. We
believe this to be linked to their performance in STI-DICO: those with more gramrhar
experience made less errors in the exercises. Overall, we believe that the error rates
that we found were acceptable, since none of the learning activities had a very high
error rate, and none of the learners commented that they found that the activities were
too hard. ‘While any. conclusions regarding the ITS are hard to obtain with only three
subjects, this initial evaluation does give us an overall idea regarding the difficulty level
of our ITS. |

Step Duration
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While the error rate was an important indicator of exercise difficulty, another metric we
looked at was the average step duration, both per learning activities and per participant,
since it indicates the number of seconds that the subjects spent at each step (i.e. each
branch of the behavior graph) during the activity. Since all of learning scenarios and
activities had a different number of questions, we cannot compare the overall time that
the subjects spent resolving each activity; however, the step duration is comparable for
all of the activities, since it can be considered that each step is of the same difficulty
(Aleven et al., 2009)

Step Duration Per Learning Activity
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Figure 4.42: Duration of Each Step in the Learning Activities Resulting from the Eval-
uation of STI-DICO - :

As it can be seen in Figure 4.42, the learning scenario from module 2 that involved
building a lexical family was that whose step duration was highest (23 seconds), and
the exercise regarding antonyms was that where steps were shortest (around 1 second).
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This is consistent with our findings from the error rate metric presented above - the
antonym exercise was the one with the lowest error rate (0%). In fact, the exercise with
the highest error rate, the learning scenario regarding collocations, is also that with the
second-highest step duration (15 seconds). This is good corroboration of our hypothe-
sis regarding the link between error rate, step duration, and difficulty : the activities that
had the highest error rate also had long step durations, as we believe that the subjects
saw them as more difficult and took more time in resolving them.

One thing to be considered, however, is that the types of exercises in the different learn-
ing activities and scenarios were different, so it is not always possible to compare the
time taken to resolve themi across the board. For instance, the activity with the biggest
step duration (building a lexical family) also included a highly complex exercise that
consisted of dragging and dropping words into their corresponding places within a lex-
ical family, something that is not straightforward. This can partially account for the
high step duration. On the other hand, activities like the one regarding antonyms and
synonyms, which had the smallest step durations, had fairly straightforward, fill-in-the-
blank questions that took less time. It is for this reason that we also find it useful to
look at the step duration for each subject, which we present below.

Step Duration Per Subject

The step duration for each of the participants of our evaluation was interesting to con-
sider because, coupled with the error rate, it could give us a good idea regarding the
difficulty that participants had with the learning activities. Figure 4.43 présents the
three subjects and their average step duration: Subject 3 has the highest, followed by
Subject 1 and finally by Subject 2.

It is interesting to note that Subject 2 coupled the smallest step duration with the highest
error rate, which is an unusual result; we can only suppose that they adopted a strategy-
consisting of trying an answer even if they weren’t sure it was the correct one, only to
correct it later with the help of the ITS. If this was the case, this would contribute to
having a high error rate (since only the first attempt counts as an answer) and a small
step duration. In any case, we do not see the step duration results to be particularly
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Figure 4.43: Duration of Each Step for Each Subject from the Evaluation of STI-DICO

conclusive or significant because the variation between the three subjects is so small
(only 1.5s. between Subject 3’s average and Subject 2’s average). Overall, the fact that
they are spaced so close together (i.e. that the standard deviation is sniall) indicates
that they all took a comparable time to complete the activitiés, and their average of 7
seconds per step is quite low. '

Number of Hints Requested

The final measure that we looked at based on the data from DataShop was the average
number of hints requested, both within a learning activity and for each subject. We
believe that this is another indicator of activity difficulty, since asking for more hints
would be indicative of an issue with resolving a step or a question within a‘learning
activity. Once again, we looked at the number of hints requested per learning activity
and per subject, both of which we present below.

Number of Hints Requested Per Learning Activity

As can be seen in Figure 4.44, the number of hints requested during each learning ac-
tivity varied greatly: for 9 of the 16 activities, no hints were requested at all, so the hint
request rate is 0%. For the 7 other activities, the rate varies from 0.06, or 6%, meaning
that hints were only asked in 6% of the cases where they were available, and 0.33, or
33%, meaning that hints were requested in 3 out of 10 cases where they were available.
Interestingly enough, the activity in which the most hints were requested, the activity
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Figure 4.44: Average Rate of Hint Requests by Learning Activity Resulting from the
Evaluation of STI-DICO

that consisted of building a lexical family, was also the one where step duration was
the longest. We believe the two to be correlated, since askihg and interpreting hints can
take time, so step duration is prolonged. Other cases where the hint request rate was
higher, for instance the activities regarding colocations and polysemy, also had longer
step duration. ‘

We were surprised by how little subjects asked for help. As we stated above, in more
than half of the activities, hints were not solicited at all, despite the fact that they were
presented with the location and the utility of the Help button during the Introduction
to STI-DICO. On the one hand, we believe that this is a good sign of the adequacy of'
the difficulty level of the learning activities, since our subjects were able to resolve the
activities on their own. On the other hand, especially since we were able to observe the
evaluation in vivo, we saw that even in cases where subjects had more trouble resolving
‘the activities and had to try multiple times before finding the right answer, they still
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rarely requested hints. We are not sure regarding the reason for this, but we believe it
may be necessary to draw more attention to the STI-DICO hint feature (for instance
with pop-up hints) in order to improve learners’ meta-cognition.

Number of Hints Requested Per Subject
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Figure 4.45: Average Rate of Hint Requests per Learning Activity from the Evaluation
of STI-DICO S

Interestingly enough, the number of hints requested per subject is directly correlated
with the error rate : Subject 1, who has the lowest error rate, also has the smallest hint
' request rate (4.5%), followed by Subject 2, who is in the middle for both error rate and
hint requests (6.5%), and finally, Subject 3 has the highest error rate and hint request
rate (7.5%). While the differences are not great at all, with only 3% between the high-
est and lowest hint request rates,r we believe that the pattern is significative of the fact
that, in average, learners who have less trouble with resolving exercises also request
less hints.

44,54 Conclusion of Iteration 4

At the conclusion of this iteration, we had a fully functional, standalone ITS prototype,
including 16 learning activities and exercises divided into 4 modules with fully func-
tional inner and outer loops. The prototype developed aims to help French teachers-
in-training acquire practical skills and theoretical knowledge needed to use the dictio-
nary. It integrates concepts extracted from a formal lexical ontology (GTN) with related
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skills and knowledge, expressed via a multi-level framework, evaluated via a series of
authentic learning scenarios and activities. These activities enable the ITS user to dis-
cover situations in which dictionaries can be useful, as well as helping them explore the
structure of Antidote and the information that it contains. The behavior of the ITS is
controlled via behavior graphs, which define the hints and feedback to be provided to
the learner as well as correct, incorrect and partially correct answers to each question.
Finally, the evaluation of STI-DICO gave us three results that were very useful for our
prototype: (1) it enabled us to make small but important corrections to the interface and
_to the exercises and feedback that we provided to our learners; (2) it helped us evaluate
.the efficiency of our outer and inner ITS loops, both of which performed better than
expected and performed their function well; and (3) we could extrapolate important data
regarding the difficulty level of the learning activities, which we can use to eventually
make an improved version of our prototype, with activities that are more balanced and
better adapted to learner levels. | '



CHAPTER V

DISCUSSION, PROGRESS, LIMITS AND PERSPECTIVES

In the scope of the present research project, we have elaborated a model of the cogni-
tive processes, skills and concepts at the heart of dictionary consultation, evaluated this
model both theoretically and empirically, and implemented it at the heart of an Intelli-
gent Tutoring System aiming to diagnose missing skills and propose learning activities
to foster them. Whereas the previous chapters of this dissertation aimed at presenting
the results of our research, the present chapter aims to critically reflect on these results,
and to present future directions of research that we would like to pursue in order to
improve them. A

5.1 A Critical View on Representing Dictionary Usage

At the inception of the present research project, and after an extensive literature review
of the literature that exists on the topic, the conclusion that we reached was that dictio-
nary consultation was seen as a complex process that takes place ‘behind closed doors’
but that remains ill-defined, éspecially for monolingual dictionaries and languages other
~ than English. Furthermore, most existing research is based on questionnaires given to
dictionary users, which produces biased results that do not necessarily represent the re-
ality of dictionary consultation. Following our extensive inquiry regarding this process,
we have not only defined and validated a model of it on paper, but we have also tested
this model with dictionary users of different levels, and gathered important empirical
data on how they navigate the dictionary. This cognitive model, developed with an eye
for education is what sets it apart from existing models of the dictionary consultation
process, which are much more shallow and less extensive. | -

What we discovered during our experimentation confirmed our model in part, since par-
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ticipants often cited certain key dictionary concepts and mobilized several skills during
the tasks. However, the verbalizations of our participants were not nearly as extensive
as we had hoped, and were limited to a rather small set of concepts and skills, which
was disappointing to us because we were seeking to find a corroboration of our model
based on the evidence from the experimentation. We believe that this is due to the high
cognitive load that prevented participants from carrying out extensive verbalizations.
Nonetheless, we discovered that our subjects were able to carry out the tasks without
explicitly citing the metalinguistic concepts that they mobilized led us to reflect upon
the metacognitive aspect of the dictionary consultation process, which we will discuss
" in a subsequent section.

- We are fully aware of the limitations of our model, for instance with regards to the
coverage of existing dictionaries: since we did not intend to address all of the exist-
- ing dictionaries, but targeted a parti_cular subset (electronic dictionaries) and a specific
dictionary (Antidote), which we judge more useful given our targeted Jearning con-
text, that of the education system in Québec, so our framework was selective from the
start in its orientation and its coverage. However, it can also serve as a generic frame-
work, transferable to other learning situations, such as dictionary exploration by learn-
ers themselves (as opposed to the teachers that we targeted in STI-DICO), for learners
of French as a foreign language, or even to other languages and other e-dictionaries.
- This is due to the fact that while the dictionary skills of the upper layer of our frame-
work (i.e. knowledge of specific abbreviations and dictionary-Speciﬁc conventions)
will be limited to one specific dictionary, all of the other layers belong to the lexical
and metalexical competences that are not dictionary-dependent. Furthermore, while
we intend for our framework to be as exhaustive and as complete as possible, with an
extended covefage of all the skills mobilized when consulting a dictionary, there are
aspects of consultation that are difﬁcult to represent, such as the effect of the linguistic
and extra-linguistic context on the consultation. One could envisage a context module
- that could be added as a layer to the framework; for the time being, does not take this
~ aspect of the consultation into account in its competency modeling. Nonetheless, the
‘model remains extensive and as general as possible '

Finally, since our project is anchored in a specific application context, that of the
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Québec education system, and targets a specific audience, i.e. the French teachers-
in-training, this somewhat limits the coverage of our cognitive model, since there are
surely aspects that we did not cover in it, for instance the impact of having French as
a second (or third) language, or using bilingual dictionaries to carry out translations of
words that were not understood. Therefore, in order to further generalize this model, it
would be necessary to carry out additional research that consists of analyzing the needs
of other target populations, such as learners of French as a foreign language, since this
would affect the structure and content of our cognitive modelling.

5.2 A Critical View on the Think Aloud Protocol

Our Think Aloud experimentation js the first expefiment of its ki.nd, and helped us get
an inside look at the concepts and skills involved in the dictionary consultation pro-
cess. It enabled us to both qualify and quantify the dictionary bonsultation process,
to distinguish between enriched and simple consultation modes, aﬂd to compaie the .
Way novices and experts consult 'the dictionary. However, while our Think Aloud ex-
. perimentation yielded some very interesting results regarding the process of dictionary
consultation, we believe that there is significant room for improvement regarding our
data collection methods. First of all, as we stated above, we believe that the cognitive
load of the dictionary consultation tasks for our participants resulted in the limited ver-
balizations that we observed, and a limitation to our ability to adequately evaluate the
pertinence and extent of our framework. We were also surprised by how little meta-
- linguistic terms participants verbalized, which made us reflect upon the possibility that
either (1) it is not necessary to know or master these fundamental concepts in order to
successfully complete even complex dictionary consultation tasks, or that (2) the sub-
jects themselves were not aware that they were mobilizing the concepts, even while
héving mastered them. Both of these hypotheses are plausible, and we would need ad-
ditional experimentation to judge Whether either of them, or bbth, have any empirical
evidence to back them. This can be done via a Think Aloud Protocol with simpler
tasks, or one that focuses more on metacognition and on participants’ own awareness
of which concepts and skills they have acquired and which they have yet to learn.

Fihally, a technique that we would most like to apply to the study of dictionary usage in
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the future is that of eye tracking. While it has been previously used once in a dictionary
usage study (Tono, 2011), this study only measured a few aspects of subjects’ consul-
tations. We would like to carry out an experimentation like the one we did in Iteration
3, however, using an eye tracker to see where subjects looked at at various stages of the
tasks, in order to track the extent of their exploration of dictionary sections, as well as
to analyze which elements of dictionary entries they consulted. We believe that such
a study would be a very useful addition to the existing literature on dictionary usage,
helping dictionary designers gauge which elements attract the most attention from users
and how users with different degrees of dictionary experience consult the dictionary.

5.3 A Critical View of Metacognition

As we sfated above, one of the main discoveries of our Think Aloud experimentation
was the fact that our participants, even those that we considered to be expert dictio-
nary uéers, were often not aware of the metalinguistic concepts. that they called upon
to navigate within a dictionary entry, nor the practical skills that they used to carry out
tasks. They also often discovered new sections of Antidote while carrying out the tasks
assigned to them, despite the fact that they indicated that they used Antidote every day.
This led us to reflect on the role of metacognition in dictionary consultation, and the
place that it occupies within our research project. '

On one hand, the dictionary process, especially for users who are not familiar with An-
tidote, is a cognitively demanding process, so it is to be expected that our participants-
would have trouble extensively verbalizing while carrying out the demanding tasks that
we asked of them. We can therefore attribute a part of the lack of metacognition to
the limited cognitive resources available to our subjects. We believe that another part,
however, is due to a lack of explicit teaching of dictionary skills and concepts in class-
rooms, both at school and durihg teacher training. This resulted in that even our expert
users (who had completed PhDs in linguistics and language didactics) were not aware
of their own knowledge regarding the subject and had trouble verbalizing dufing the
experiment, since they lacked dictionary training permitting them to link linguistic the-
ory and dictionary consultation. We see this as a further corroboration of our research
project. -
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Furthermore, the fact that the dictionary consultation process continues to be seen as
straightforward and simple by the general public contributes to the limited awareness
that users have of their complexity. If one perceives this process as simply ‘looking up
a word in the dictionary’, one misses all of the steps that are involved in this process
(choosing the word, finding its root form, using an alphabetical order or an electronic
search to look it up, etc.), and so, even while following these steps and finding the
information sought, users are unaware that they are carrying out all of these complex
cognitive tasks in their mind and of allfthe fundamental knowledge that they entail.

Finally, while we did not explicitly implement any mechanisms or structures to guide
STI-DICO users in the meta-cognitive aspects of their learning process, we did envisage _
how this could be done in the future. First of all, we believe that it is paramount to
further integrate the Open Learner Model within the ITS by attracting users’ attention
to the progress of their skills and explicitly stating how far they have progressed at
~ the end of each-module. We found during the experimentation that users did not often
consult these skill bars and did not recognize their utility - this is to be expected given
as they are not presented as a central part of the ITS experience. It would be necessary
. to integrate more information regarding these skills, and indeed present them in a-more
visually appealing way, in order to guide users to consult them. When users are aware
of their own strengths, weaknesses and progress, this empowers them with régards to
their learning process. B

5.4 A Critical View on Targeting Teacher Training

-One of hypotheses at the heart of our project is that by targeting teachers-in-training, it
is possible to target several generations of students, because we hope that the teachers
who will use our ITS will later transmit this knowledge to their students. However,
apart from integrating a few text boxes with information regarding how to utilize cer-
tain dictionary sections or metalinguistic concepts in the classroom, we do not help
the users of our ITS with the transmission of the knowledge they acquire - this is an
aspect that must be covered in another type of training, or perhaps with another tool.
Furthermore, we are well aware that this assumption is potentially misleading, since
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teachers are limited by many factors in the classroom: the time that they have for each
subject, the curriculum that was defined by the Ministry of Education, as well as the
availability of dictionaries in the classroom. It is for this reason that we cannot pretend
to impact future generations of students, but limit ourselves to hoping to impact the
teachers themselves, for their personal usage of the dictionary and for their knowledge
of metalinguistic concepts that underlie it. We also believe in the potential of online
training and courses that will help further teachers in their professional development,
of which we hope that STI-DICO will be part of.

We would like to envisage a future version of STI-DICO that would target students
of different levels - starting from primary- school, all the way to university - since we
believe that they all have a benefit to be gained simply from knowing what information
can be found in dictionaries and how to exploit them. In order to adapt our ITS to other
levels of learners, it is essential to integrate more information regarding linguistic con-
cepts and their application: since our current target users are future French teachers,
~ we assume that they have a significant background in linguistics and the French lan-
guage. If our target audience were primary school students, adaptations would have to
be made to the ITS activities, explanatory texts and feedback. Furthermore, it Would be
necessary to make our learning scenarios more adapted to different target groups, and
to make our learning activities more creative and interactive, since for the time being
many of them are too complex for beginner users. ‘ B

Ideally, we would like to carry out a longitudinal study as the continuation of our re-
search project, on one hand assessing the impact of STI-DICO on teachers and their
knowledge and skills, and on the other hand on their students, how they benefit fr_om
their teacher’s usage of STI-DICO and whether this has any impact on their Oown mas-
tery of dictionary skills and knowledge. While this would be a more ambitious under-
taking, we believe it to be worthy of exploration, as it would cover several génerations
of students and could serve as an indication of the future repercussions of STI-DICO.
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5.5 A Critical View of Our Methodology

Design-Based Research (DBR) proved to be an ideal framework for the type of re-
search project that we wanted to conduct, i.e. a project aiming to put forward both a
theoretical model of a cognitive process as well as a concrete tool based on the needs
of a target user group. This methodology was very inspiring and helpful. On the other
hand, the DBR has its drawbacks: it is open and inclusive but, at the same time, has
limited methodological guidelines with regards to how to streamline the research pro-
cess. Due to its flexible nature, it is very easy to explore some research paths that were
not initially planned and to take detours that make the overall process take much longer
than predicted. This happened a few times in the course of our research project - we
explored potential tools and methods (for instance, using GIFT as our ITS authoring
tool instead of CTAT), which added months to the duration of our doctoral project, and
were unnecessary for the final result. However, we could not know this in advahce,
since both the technological context as well as the planning of our study evolved con-
stantly. ' o

The advantage of DBR is also its iterative nature, which enabled us to adapt parts of our
methodology based on the results obtained and to base each subsequent iteration on the

3 {
results of the previous one(s

For instance, the analysis of the domain that we carried

— N
.

out in Iteration 1 enabled us to create the first versions of our framework in Iteration 2,
which we then refined and made more complex. Furthermore, the suggestions of Ex-
pert 2, who evaluated our framework in Iteration 2, made us restructure it and therefore
come up Wbith the idea of the Think Aloud experimentation, which we carried out in
Iteration 3. Finally, our Think Aloud experimentation enabled us to define which skills

“and concepts were mobilized by participants, which helped us create the skill -mapping
and inner loop guidance for our prototype in Iteration 4. We feel that this interdepen-
dence between the different iterations, advocated by the DBR methodology, made the

end result more coherent and better anchored in its context of application.

5.6 A Critical View of Intelligent Tutoring Systems

Intelligent Tutoring Systems are performant E-learning tools that have been proven
throughout the years to be efficient in fostering learning in different areas of knowledge
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and for different groups of learners. We believe that given the needs of the target group
that we identified, as well as the nature of the knowledge that we sought to foster, ITSs
were the ideal choice for the design and implementation of our prototype. Nonetheless,
they have their disadvantages, notably in their complexity and the quantity of time and
work that is needed to create them. It is estimated that, in average, the creation of a
full-scale ITS takes from 200 to 300 hours of work. Whereas this may be possible for
research projects carried out by a research team consisting of several people working
full-time, in the case of a PhD project, creating an ITS from scratch is a very hard thing
to do. In our case, this task was simplified by the ava11ab111ty of CTAT, which reduced
our 1mplementat10n time by 2 or 3 times; however, we still spent upwards of 80 hours
working on the design of our ITS prototype, without counting the work we carried out

creating our domain module.

It is in our opinion that while this complexity of ITSs is a significant contribution to
their performance, it also prevents them from being more widely used, since few re-
searchers and practitioners can afford spending so many hours in the creation of an
E-learning tool. In order to address this, we believe that the ITS community needs to
make unified efforts in order to establish standards and resource banks that can be used
and i‘eused by different members, as well as the development of an ITS shell that would
make it possible for non-programmers to create ITS quickly and simply, modlfymg
only the content and not the structure.

Furthermore, we think that the future of ITS 1ié§ in their ability to integrate and func-
tion with Learning Management Systems (LMSs) and Massive Open Online Courses
(MOOCs), since these learning tools attract the biggest quantity of learners world-
wide. While there have been some pilot projects that tried to integrate an ITS and an
LMS (Aleven et al., 2015), it remains a complicated undertaking, with the main limit-
ing factor being the lack of scalability of the ITS back end. What would really give ITS
the popularity springboard that they need is the ability to easily 1ntegrate an intelligent
and adaptlve back end into a MOOC with tens of thousands of students, enabling them
to receive activities and information adapted to their level. This is a research direction
that is of great interest to us and that we wish to pursue in our subsequent research
projects, notably in a postdoctoral project.
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5.7 A Critical View on our ITS Prototype

While we believe that our prototype is an important and well-designed tool, we also
see that the exercises proposed in our prototype do not allow free-form answers from
the learner and are limited in the answer options that they allow. In this matter, we
were limited by the functionalities of CTAT, since it is an authoring tool designed to
create ITSs for scientific domains, and not ill-defined ones like language. Further work
would therefore be required in order to develop more complex, creative questions and
‘better feedback on the part of the I'TS, which would significantly improve its function-
ality. Also, our initial intention was to be able to integrate Natural Language Processing
(NLP) functionalities into the evaluation of learner answers, for instance parsing learner
output to evaluate its grammaticality and the usage of key words and phrases, or car--
rying out semantic analysis. While this potentially possible, it would require much
development work and a better mastery of NLP techniques than we had at the time of
the creation of STI-DICO. Nonetheless, we hope that if ever a more complete version
of our ITS was made, that it would be capable of much more in terms of learner out-
put analysis, since it is necessary to solicit users’ creativity in a domain like language

learning.

Furthermore, while we initially wanted to-directly integrate Antidote into our ITS, al-
lowing learners to navigate the electronic dictionary and receive adaptive feedback, we
were not able to implement this given the tools that were at our disposal. We limited
ourselves to screenshots of Antidote and explaining and illustrating the elements and
structures contained in its sections, which in our opinion is less user-friendly and less
captivating for learners. More concretely, we would like to design activities where
learners could navigate freely within an Antidote entry for a given word, looking at
the various sections offered (Synonyms, Collocations, etc.) and receiving information
about each section, as well as interactive exercises regarding the concepts solicited. In
order to create such an activity, it would be necessary to either have access to Antidote
source code (to be provided by Druide, the éompany that created it), or else to recreate
the interface from scratch. This would be an interesting project, but we believe that it
should be done in partnership with Druide, which we hope to pursue.
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In the same vein, while we created 20 learning activities and scenarios with several
questions each, this remains a limited, prototypical version of an eventual ITS that we
would like to make, which would have more activities to choose from and more diverse
scenarios. For the time being, we limited ourselves to such situations as a teacher may
encounter in the classroom (e.g. a student asking for the meaning of an unknown word
or expression, or wanting to improve their text with a dictionary), but we did not include
more personal usage of Antidote, for instance for improving an e-mail or an informal
communication that can include colloquial terms. Furthermore, we would like to make
more variations of each activity, with different example sentences and different applica-
tion contexts. This would be fairly straightforward, since the structure of the exercises
is already created and only the content must be modified. CTAT has a Mass Production _
tool that serves this purpose, enabling an ITS designer to create a template from an
existing learning activity and by making it vary with different content. We hope to use
this tool to make STI-DICO more complete and complex in the future.

Also, version 3.0. of our architecture intended to make STI-DICO more scalable by
deploying a service-oriented, cloud infrastructure that could be deployed using Open
edX. This would allow our ITS to scale to a multi-server infrastructure to cater to tens
of thousands of students by adjusting to an increasing or decreasing demand for com-
puting resources. While we created a small prototype using this architecture, the final
version of STI-DICO was deployed using TutorShop, which is not scalable to the same
extent as Open edX. Therefore, it would be very intéresting to migrate all of STI-
DICO’s learning activities to a local instance of Open edX and to exploit its scalability
potential to address more students simultaneously. This would be the path to follow if
STI-DICO were ever to become a more widespread, popular tool.

Furthermore, in terms of the evaluation of the STI-DICO prototype, while the prelimi-
nary evaluation that we carried out provided us with an initial idea of its performance,
including the fact that the inner loop provided 80% specific feedback and that the outer
loop chose an individual order of activities for each learner, we would like to carry out
a large-scale evaluation involving a pre-test and post-test in order to see if the learn-
ers made progress regarding their knowledge of metalinguistic concepts and dictionary
skills. Ideally, a formal usability test with external participanté (experts in usability) and
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internal ones (target users) would be necessary to gather more information regarding the
usability problems that we missed. Also, a more formal evaluation of the prototype it-
self, for instance using the ISO/IEC 9126! standard for software engineering, would
enable us to gather more in-depth information based on a pre-defined set of character-
istics common to all software. We would also like to evaluate the repercussion their
acquired skills and knowledge have on their future students, via a questionnaire or in-
terview that we would carry out once they became fully fledged teachers.

Finally, while the skill representation and model tracing capabilities of CTAT are suffi-
cient for our ITS prototype, there is much interesting work that is being done in terms of
more complex learner modelling, for instance using Bayesian networks (Conati et al.,
2002), probabilistic item to skill mapping (Desmarais and Baker, 2012) orlvMachin'e
Learning (Siéon and Shimura, 1998). These approaches require much more data and
training, but can become much more precise than traditional learner modelling tech-
niques given enough data. Therefore, if a more extensive testing and usage of STI-
DICO were done, we could analyze the data collected using Educational Data Mining
techniques to find correlations and patterns in learner behavior, which in turn can be
used to improve learner modelling as well. as the behavior of the ITS, so that it could '
address all learner behavior and provide hints that correspond to the specific miscon-
ception that a learner may have. These are all research directions that we would like to
pursue in view of improving STI-DICO and making it more performant.

Thttps://www.iso.org/standard/35733.html



CONCLUSION

In conclusion, we believe that we have achieved the objectives initially established for
our research project, which consisted of creating a complex cognitive model of dictio-,
nary consultation and of implementing this model in an Intelligent Tutoring System to
help French teachers-in-training foster dictionary skills and knowledge. By applAying» '
an iterative, design-based methodology, we were able to identify the needs of the appli- -
cation context, produce design principles and evaluate them, and propose and develop
a concrete solution in order to address the issues identified. '

In terms of the cognitive contribution of our thesis, our framework of dictionary skills
and concepts is the first time that the dictionary consultation process has been repre-
sented with such depth and complexity, corroborated by three experts and evaluated via
a think aloud protocol consisting of dictionary consultation tasks. Finally, in terms of
our computing contribution, the ITS prototype that we developed, STI-DICO, contains
~ both authentic learning scenarios and targeted learning activities, covering various as-
pects of dictionary usage and the concepts that are mobilized in different situations, and
it can already be prdposed as is to French teachers-in-training at UQAM to help them
acquire dictionary skills and knowledge. |
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