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Abstract—We propose a new metric to automatically eval- words that express concepts (usually nouns or group of
uate the confidence that a student knows a certain concept nouns) and their label will be called a term. In fact, a term
included in his or her conceptual model. The conceptual is usually defined as a word or a multi-word expression

model is defined as a simplified representation of the that i di ific d . ith ii .
concepts and relationships among them that a student keeps aL IS used In speciiic domains with a Speciiic meaning.

in his or her mind about an area of knowledge. Each area of New relationships among concepts are continually cre-
knowledge comprises several topics and each topic several ated. In fact, Ausubel stated that the acquisition of new
concepts. Each concept can be identified by a term that the knowledge is dependent on what is already known [2]. To
students should use. A concept can belong to one topic or 10 a5 meaningfully, students must intentionally attempt to
several topics. Terms are automatically extracted from the . . o

answers provided to an automatic and adaptive free-text !ntegrate_ new concepts with existing ones so that t_hey can
scoring system using Machine Learning techniques. In fact, interact in the learner’s knowledge structure. In this way,
the conceptual model is fully generated from the answers they get a more extensive network of knowledge and more

provided by the students to this system. In the paper, the retrieval paths. This theory has been successfully used in
automatic procedure that makes it possible is reviewed in education during the last decades.

detail. Finally, concept maps are used to graphically display - L .
the conceptual model to teachers and students. In this way, This inner flexibility of representations may cause that,

they can instantly see which concepts have already been from the source information, each individual acquires
assimilated and which ones should still be reviewed. something that could be completely different. This has
Index Terms—metrics of concept assimilation: generation P€en called by some res:aarchers as “a plague on attempts
of conceptual models; free-text scoring; blended learing; t0 educate and evaluate” [3]. In fact, some studies report

e-assessment; e-learning that what learners actually learn and what they should
understand as a consequence of instruction is often very
. INTRODUCTION different. Thus, instructors should be provided with tools

. , ._that allow them to visualize the knowledge structure of
It is commonly agreed that knowledge, in part, is,, . o . .
y ag 9 P .ﬁhelr students. That is, instructors should be provided with

expressed in concepts. People use concepts in their dat%e students’ conceptual models, defining a conceptual
lives. Many definitions have been provided for concept. P ! 9 P

The one chosen for this work is that a concept & * model as a simplified representation of the concepts and
perceived regularity in events or objects, or records ofrelationships among them that a student keeps in his or her

events or objecis, designated by a latell. From tis - ZXC SRS o R A o e
definition, two important features of a concept can be . cep
nd, which concepts have already been assimilated. Each

identified: its archetype nature and its necessity of bein@l ) .
. o : oncept in the conceptual model must have associated an
denominated. In fact, it is important to notice that all.

concepts need to be assigned a label, something thg}d'ﬁat'toré oftthedc?r?fldence |r} htov(\; W(ta” it is known by
identifies them since without this label the concepts ar&ach student and the group ot students. .
The conceptual model can be graphically displayed as a

inaccessible. . L
concept map. In fact, the theory of Meaningful Learning is

Words are labels that map these concepts onto o . ;
knowledge structure Howevgr not_all Worgs serve t;%e fundamental pillar of concept maps that can be defined
) ' powerful tools to visually represent the conceptual

convey concepts since some of them express actions Structure that someone has about an area of knowledge
links. In this work, a special relevance will be given to the . ge.
Novak introduced them as a tool for students to freely
This paper is based on “Automatic Generation of Students’ Con-Organize their knowledge about a certain area [1].
ceptual Models un_derp)nned by Free-Text Adaptive Computer Asgsted This representation takes the form of a graph or a
Assessment” by Dianadpez-Main, Enrique Alfonseca, Manuel Freire, di h h h d th . b
Pilar Rodiguez, Jog-Maria Guirao and Antonio Moreno-Sandoval lagram that shows the concepts and t gconn_ecﬂons e-
which appeared in the Proceedings of the 6th IEEE Internationatween them that students have. Three main basic elements
Conference on Advanced Learning Technologies (ICALT), Kerkrade,cgn be identified in a concept map: the concepts that are
The Netherlands, July 2006 2007 IEEE. din th h h d .
This work has been sponsored by the Spanish Ministry of Sciencéepresente In the graph as the nodes (m a conqept map,
and Technology, project number TIN2004-03140. each concept only appears once); the links that join two
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related nodes (a node can be related to one or more noddsis explicit evaluation of knowledge and subsequent
Arrow symbols are used at the end of each link to describeecognition of misconceptions allows for finely targeted
the direction of each relationship); and, the propositiongemediation. Furthermore, since concept maps are visual
that are the basic units of meaning. They are created fronmages they tend to be more easily remembered than text.
the composition of the labels of the concepts and the labé¥lore about concept maps and their underlying theory can
of their link that indicates the type of relationship betweenbe found in [9].

these nodes. Hence, it could be concluded that concept maps should
In this paper, an automatic procedure to automaticallpe the common knowledge representation tool today and
generate the conceptual model not only for one studenthey have extensively used in the classrooms. However, it
but for the whole class from the free-text answers projs not the case. It could be due to the fact that they are
vided to an automatic and adaptive free-text Computefime consuming to learn how to create them and difficult
Assisted Assessment (CAA) system called Willow [4] isto manage in paper [10]. To solve this problem and thanks
presented. It is based on the procedure described in [Slp the generalization of computers in education, many
but extended with a better Term Identification tEChniQUQ:omputer app“cations have been deve|oped to support the
based on Machine Learning [6] and, an enhanced visugreation and maintenance of concept maps. Automated
representation of the conceptual model as a concept magols can improve visual appearance and consistency.
using the COMOV system. Furthermore, a new metric torhey also facilitate the display and revision of large and
evaluate the confidence that a student knows each tergbmplex maps through functionalities such as zooming
in his or her conceptual model is proposed. We believeynd automatic redraw. In particular, programs such as
that in the automatic scoring of free-text answers, it isCMapTools [11] or CMTool [12] are helping in the
necessary metrics to evaluate how confidently can bgtroduction of concept maps in the computer to make
stated that a student knows a certain concept. easier their design and management. There are also many
The paper is organized as follows: Section Il introducesducational systems that are underpinned by the Mean-
the theoretical framework background and related workngful learning theory of Ausubel and use concept maps
to the approach presented; Section Ill defines the corgs supporting tool. Some of them are: ALE, DynMap+,
ceptual model; Section IV describes the procedure of thg-TESTER, LEO and STyLE-OLM.
generation of the conceptual model of a student and the 5 g ig an adaptive and adaptable learning environment
whole class focusing on the proposed metric to evalualg,ar provides individualized education. Its main goal is
students’ knowledge of the concepts; Section V foCUSeR, fogter meaningful and multidisciplinary learning. It
on the wsua_l representation of the (_:onceptua|_ model; andy 54 allows discovery learning by providing concept-based
finally, Section VI gathers the main conclusions drawny, 5 iation. Moreover, it keeps a model of the students
from this work and the most promising lines of future ;i “information about their learning style to adjust the
work. navigation possibilities to them and supports coaching
by relying on case-based reasoning. The student’s model
Il. RELATED WORK always reflects the current state of the student’s progress
Web-based distance education has rapidly become ve#9 give the most suitable recommendations based on the
popular. As well as in traditional teaching, it is crucial to student’s learning style, preferences and knowledge stored
determine for each course what to teach, how to teaci*fﬂ the model. The metric used to measure the confidence
and how to ensure learners’ mastery of the materialthat @ concept is known is to let the teacher indicate if a
Good human instructors can intuitively make these deconcept is already known or not [13].
terminations, whereas computers must be programmed DynMap+ is a graphical tool to display the student
as Intelligent Tutoring Systems (ITSs) [7] or Adaptive model as a concept map. Students introduce the concept
Educational Hypermedia Systems (AEHS) [8]. map in the computer using an editor. DynMap+ can show
Students may feel disoriented without the support ofmodels not only of individuals but also of groups. Both
a tutor. The regular monitoring of the students’ behaviorare overlay models that can be shown to students and
can reduce these problems. Besides, educators demandistructors. The purpose of showing it to instructors is to
be able to have an overview of the performance of theiprovide them with a view of the knowledge and evolution
students, monitor discussions, cluster learner groups basedl the students and, of showing the map to students is
on certain patterns of behaviour/performance, identifyto foster reflective thinking about their own learning. No
tendencies in different groups and discover common misaumerical metric is used to evaluate the confidence that
conceptions (not only for traditional students but also fora student knows a certain concept. It is rather displayed
distance ones). Hence, the instructors should be providegtcording to the size and the type of lines of the nodes of
with tools to keep track of the students’ models and sothe concept map. In particular, from the comparison of the
to be able to prevent or overcome potential conflicts.  concept map created by the student and the domain model
Concept maps are particularly useful for representinggoncept map, the size of the nodes (smaller when they are
the networks of concepts in students’ minds. They camore unrelated) and the type of line (discontinuous when
be used to point out any conceptual misconceptions ththe content of this node is still incomplete) is determined.
person may have concerning the knowledge structuréSee Figure 1 (left) for a snapshot of the system [14].
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Figure 1. On the left, a snapshot of the Dynmap system and on the right, a snapshot of the CourseVis system.

E-TESTER is a computer-based system that identifiesrates the student’s beliefs and misconceptions formalized
the main concepts in a text and generates questions fromith Prolog rules. Beliefs can be correct (supported by
these concepts such as “Whatxie?” or “Explain yyy'. the domain ontology), incomplete (facts from the domain
Next, it waits for the student answers in free-text to com-ontology that the student does not believe and can be
pare them with the e-learning content that the system hadlicited by the system or stated by the student with an |
and treats as model answer. The comparison is based die not know answer” to a system’s question) or erroneous
the free-text scoring system Markit [15]. The difference(not supported by the domain ontology), and are open
is that in E-TESTER the process is simplified as it isfor inspection and discussion. The student model can
only focused on counting the frequencies of the identifiecbe visually depicted withCourseVis as can be seen in
concepts in the student’s answer and in the model answeFsgure 1 (right). It shows a cognitive matrix in which the
(i.e. the metric to measure the confidence that a studestudents are mapped onto the x-axis and the concepts of
knows a certain concept is based on the frequency of ugbe course are mapped onto the y-axis. The performance
of this term by the student). In fact, its feedback is not avalues (i.e. the numerical metric used to measure the
numerical score but a visual representation of the studemnfidence that a student knows a concept) are mapped
strong and weak points [16]. onto the color of the square corresponding to a student

LEO is a system based on the Ausubel's Meaningfula”d a concept. This matrix_is shqwn to instructors so that
learning theory that provides students with a graphicaf’€y can detect problematic topics, struggle students by
schema of the course, links to instructional content an0mMparing columns and row or analyze the performance
a visual representation of their progress. LEO is part off @ Particular student on a topic [18].

a the “CMapTools” software suite that allows experts These systems are only a sample. There are many other
to structure knowledge of a domain as a concept mapeducational systems that are underpinned by some kind
Like DynMap+, no numerical metric is given to measureof conceptual model. However, none of them attempts to
the confidence value that a concept is known. Instead flly generate the conceptual model from the students’
color code is used. In particular, topic nodes have colofree-text answers. Regarding free-text answers scorers is
codings at the left to indicate student progress through thstill regarded by many as the Holy Grail of Computer
course of instruction and the links between topic node#\ssisted Assessment (CAA). However, the advances in
convey prerequisite relationships among topics. PossiblMatural Language Processing (NLP), Machine Learning
status for a topic node are: completed, ready, not readgnd Neural Network techniques, the lack of time to
and current. As the student works through the coursegive students appropriate feedback (despite the general
the model is being updated so that the next time that thassumption of its importance) and the conviction that
student logs in the system s/he can see the updated mafultiple Choice Questions (MCQs) cannot be the only
[17]. assessment method are favoring a change in this situation.

STYLE-OLM is a diagnostic tool integrated in the N fact, there are currently more than fifteen systems that

STYLE educational system that interactively builds thet@ckle this problem with the core idea of comparing the
student model through a dialogue based on conceptuéFUde”t_ answer with one or more reference texts and the
graphs between the student and the system. Its main go&°'e similar they are, the higher the score the answer
is to engage students in reflective activities. The studerfichieves.

model is an overlay of the domain model which incorpo- Some of these free-text CAA systems are: Eeject
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Essay Grader (PEG)[19] that is the oldest free-text CAA concurrencyis a TC that comprises BCs such as
system. It was originally based on analysis of syntactic = semaphoreand processbut not blanket It belongs
features such as number of words, length of the words, to the area-of-knowledge concepperating system
etc. that served to analyze more abstract information such TCs are extracted from the names of the lessons
as the use of vocabulary, language proficiency, etc.; the of the agenda of the course as provided by the
The Intelligent Essay Assessor (IEA)20] that focuses instructors.

on the content and it is based on Latent Semantic Analysis « Area-of-knowledge-concepts (ACs)Main domains
(LSA); E-rater [21] that measures the organization, the of knowledge that contains all the rest of the con-
sentence structure and the content of the answer by using cepts. That is, they are the higher level concepts as
a hybrid approach that combines NLP with statistical they refer to groups of several TCs. For instance,
techniquesAutomark [22] that is based on Information operating systems an AC that comprises topic-
Extraction techniques that perform an intelligent search of ~ concepts such asoncurrencyor scheduling For
free text responses according to predefined computerized each conceptual model, only one AC is allowed and
mark scheme answers; andRW [23] that provides a it corresponds to the name of the course to model as
new approach to the field based on transforming the texts  given by the instructors.

to score in semantic networks and next, by comparing the gach concept, irrespectively of its type, has a

semantic networks instead of the plain text. confidence-value (CV) that reflects how well it is un-
Up to our knowledge, none of these systems takegerstood at any time. It is always between 0 and 1. A
currently into account a student's model to adapt thgower value means that the student does not know the
assessment. Thus, free-text Adaptive Computer Assistethncept as s/he does not use it, while a higher value means
Assessment (ACAA) is the natural evolution of free-textihat the student confidently uses that concept. This CV
CAA systems in which not only NLP techniques but alsojs automatically updated as the student keeps answering
Adaptive Hypermedia techniques are applied to achieve gyestions according to the set of metrics proposed in this
new way of formative assessment that fits better the neeq$ork and described in Section IV. The CV of a TC is
of the students as the content, order and references of thg|culated as the mean value of the CVs of the BCs
guestions are chosen according to the information knowgnt groups and the CV of an AC is calculated from the

by the system about the student [4]. CVs of its TCs. Thus, just by looking if the AC has a
high confidence value, it can be seen how well the whole
I11. DEFINITION OF THE CONCEPTUAL MODEL course has been understood.

A conceptual model can be defined as a simplified
representation of the concept:_s ar_ld reIationships among Types of relationships between concepts
them that each student keeps in his or her mind about an ) ] )
area of knowledge in a certain instant. Conceptual models Regarding the relationships between these concepts,
have been extensively used for many different application§'€€ types of links have been distinguished according
such as summative and formative assessment, knowleddf2 the type of concepts that they relate:
elicitation and organization, etc. In this work, two types « Type 1, between ACs and TCsA topic-concept
of conceptual models are addressed: those representing belongs to one area-of-knowledge-concept. For ex-
the knowledge of each student, and those representing ample, the TCconcurrencybelongs to the ACop-
the averaged knowledge for the whole class. erating systemType 1 links are extracted from the
organization of the course provided by the instructors
(i.e. which lessons corresponds to each course). A
TC can only belong to one AC.

A hierarchical structure of knowledge is considered, Type 2, between TC and BC A basic-concept
according to which, not all concepts in the model have belongs at least to one topic-concept. It can also
the same relevancy. In fact, the higher they are in the belong to several topic-concepts. For example, the
hierarchy, the more important they are. Three different BC semaphoréelongs to the T@&oncurrencywhile

A. Types of concepts

types of concepts have been distinguished: the BC processbelongs to the TConcurrency

« Basic-concepts (BCs) Specific terms relevant for and scheduling These relationships are important
one or more topics. They are in the the lowest because they give us information about how the
level in the hierarchy, as they refer to individual basic-concepts are grouped in topic-concepts. More-
instances (i.e. what Novak considers concepts). For  over, for each BC that belongs to different TCs, the
example,blanket semaphoreor process They are student’s ability to deal with the BC in the different
automatically extracted from the free-text students’ contexts provided by the TCs. TCs are not linked
answers as explained in Section V. among them, as the relationships between the topics

« Topic-concepts (TCs) Main issues inside an area are already captured by the type 3 links. Type 2
of knowledge. They are an intermediate level in the links are extracted from the database of the course, in

hierarchy as they group several BCs and belong to  particular, from the relationships between the topics
a certain area-of-knowledge concept. For example,  and the BCs that belong to each topic.
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o Type 3, between two BCsA basic-concept can be have proposed several solutions to tackle it. Most of them
related to one or more basic-concepts. For examplagly on the analysis of large collection of domain-specific
the BC processis related to the BCprogramand  texts and compare them to general-purpose text, in order
thread as “a process is an instance of a program”o find domain-specific regularities that indicate that a
and “a process can contain one or more threads’particular word or multi-word expression is a relevant
These links are very important as they reflect howterm in that domain.

BCs are related in the student’s cognitive structure In education, the traditional approach has been to ask
as are extracted from the students’ answers. human experts to choose these terms [24]. However, there

Type 1 and 2 links are equal to all students as they arare several critics to this approach, as leaving the decision

extracted from the structure of the course that is commoto humans makes it subjective and two humans tend
to all of them, whereas type 3 links are specific to eachnot to agree completely. However, up to our knowledge,
student as they are extracted from their answers. It is alsaone of the existing term extraction techniques have been
important to mention that each link has associated one applied to automatically identify the main terms of an
more linking words that join the concepts in the extremesarea-of-knowledge to serve as basis of the generation of
of the link and form propositions. a student’s conceptual model. It would be interesting not

The linking words for type 1 and type 2 links have only to make the procedure more objective but to free

been fixed as “talks about” (from the higher concept inthe instructors of the additional task of having to identify
the hierarchy to a lower concept) or “belongs to” (from these terms by themselves.

the lower concept in the hierarchy to a lower concept). Therefore, we propose a new module able to use term
These linking words have been chosen as they serve &xtraction techniques to automatically identify the terms
structure the knowledge and thus, capture the essence @hain concepts) of a particular knowledge field as they
these type of links. For exampleperating systerftalks  appear in a set of references [6]. Our approach is based on
about”concurrencyor the other way aroundoncurrency the technique described by [25]. That is, to use the C4.5
“belongs to”operating systerrin the case of type 3 links, algorithm to learn a decision tree. Due to its statistical
the linking words are directly extracted from the text in nature, this algorithm has the advantage of being equally
which the link has been found. For example, for the BCsapplicable to different languages such as Spanish and
programandsoftware the propositiorprogram*is a kind ~ English.

of” softwarecan be found. It does not only indicate that The decision tree has been trained with a set of
the student knows the BGeftwareandprogram but also  references (i.e. the domain-specific corpus), whereas the
that s/he has meaningfully learnt the B@gramas s/he  generic corpus can be as general as the British National

knows how to link it it with software Corpus or to treat about the same area that the domain-
specific corpus but in a more general way. Besides, it is
IV. GENERATION OF THE CONCEPTUAL MODEL advisable for the learning phase to choose the samples

The procedure consists of three main steps that are téo produce a balanced distribution of classes (50% terms
find the concepts, estimate the confidence-value that ea@md 50% non-terms). Moreover, the features considered
concept found is known according to the metrics proposeds attributes should be at least: the relative frequency of
and, finally find the relationships between the conceptsappearance of the term in a corpus of students answers

These steps are described below. with respect to its frequency in the generic corpus and
the sequence of part-of-speech tags of the words (e.qg.
A. Finding the concepts noun, verb, adjective, etc.). The reason of choosing these

In order to build the conceptual model, a necessar;‘;eatures was that they are related to the nature of which

first step is to extract all basic concepts as the labels ¢ €M IS:

the concepts (i.e. terms) used by the instructors in the « The relative frequency is important because terms

references. Besides, the AC is defined as the name of the tend to be specific to a certain knowledge field. Thus,

area-of-knowledge and the TCs as the names of the topics words with a relative frequency (frequency in the

or lessons of the area-of-knowledge. specific corpus / frequency in the generic corpus)
A term is usually defined as a word or a multi-word lower than one should be discarded as they are too

expression that is used in specific domains with a specific  common.

meaning. In particular, it is proposed to consider the term « The part-of-speech (POS) is relevant because it is

as a single word (unigram), a sequence of two words  only considered noun or a simple multi-word noun

(bigram) or three words (trigram). Thus, each n-gram phrase as a possible term. In most of the cases,

found in the text, with n varying from 1 to 3, can be the syntactic structure of noun phrases is not as
classified as either being a term (class 1) or not (class complex as that of a clause or a sentence, so it
-1). The focus is on nominal terms (i.e. houns or multi- can be characterized by using regular expressions
word noun phrases). Thus, from now on “term” will be on the POS tags. For instance, the sequence of tags
used to refer to “nominal term”. “determiner+noun+adjective” covers noun phrases
Term Extraction is an important problem in the NLP such as “the operating system”. Thus, if a word is

area. It has received the attention of many researchers that a finite-tense verb it will probably not be part of a

©2007 ACADEMY PUBLISHER



22 JOURNAL OF COMPUTERS, VOL. 2, NO. 5, JULY 2007

nominal term. dent’s answer should be similar to the reference answer
« Moreover, it has been observed that usually théf it is correct.
considered terms can be represented by the following To give a special relevancy of each of these requi-
regular expression: NC* NP* ADJ* PREP* NC2* sites, it has been agreed to discern these two metrics:
NP2* (zero or more common names, proper namesScoreCon fidence (SC) and RateCon fidence (RC) to
adjectives, prepositions, more common names antie used together (as shown in Equation 10) in order to es-
more proper names). Thus, each n-gram extractetimate the CV that an individudlknows a certain concept
from the corpus are matched to the previous regulac labeled by a ternt taking as reference knowledge, the
expression, giving to each of the POS tags a weighanswers provided by a set of questi@psin the language
equal to the number of words belonging to that classL.
Later, the weights are normalized so that they all add In particular, SC is more focused on the first and
up one. second requisites as it includes the score that the free-
It is also important to highlight that the result given by {€Xt ACAA system gives to the answer, so that the higher

the algorithm can be modified by the instructor. S/he g€ score, the higher the CV af labeled byt as the
allowed to remove or add terms. student is correctly using As will be seen in Equation 8,

it is the mean of the weighted scores for the set of
questions whose references contaifii.e. it fulfils the
B. Estimating the CV of each student’s concepts for eaciecond requisite). Besides, as the weight assigned to each
student’s conceptual model score is calculated as the mean between the frequency of

As it has b in Section Il | h t in the references of the question and all the references,
s it has been seen in Section Il, several approaches .. ¢ isils the first requisite.

have been tried to estimate the Confidence-Value (CVB RC is more focused on the third requisite. That is, it

of the concepts used _by the s_tudents._ These approacr@smore related to the comparison of the frequency of
can be as simple as just to find out if the student ha]sn the answer provided by and the frequency of in

accessed the Iegrnlng OPJeCt to mark it as seen or n?ﬁe correct answers taken as references. In fact, as can
seen; use some information extracted from the student

: - “dssess.
complex as to the calculation of sophisticated bayesian Once the metrics have been justified and an intuitive

belief values [28]. However, there is currently a lack Ofdefinition has been provided for each of them, it is con-

g standg\rq metric forl estlfmﬁtlngdthk:a C\,/ ofla BC th","t €@ enient to formalize these ideas according the following

e used irrespectively of the ad-hoc implementation Ofathematical notation in order to provide a more precise
a particular system. There_fore, a new metric to esF'matﬁefinition. Please, note that when lowercase is used, a
the CV of a concept taking advantage of the existing,,qicyjar element is referred while uppercase refers to

approache; is pro‘?"sed in this work. ?roups of elements. Let the variables be:
The metric to estimate the CV of each student’s concep « W, that is the set of words of a language defined as:

has to include information about the student’s perfor-

mance (e.g. the score achieved in an answer or the use W ={w|w is aword of L} 1)
of terms) and information about the reference knowledge P, that is the set of phrases defined as:

such as the use of terms in the correct answers provided o

by the instructors or the e-learning reference content P={zlze U W™ Az is a noun phrase} (2)
[16]. It is because, it is always necessary some kind of
reference knowledge to allow the automatic assessment
of free-text answers by comparing the answer provided -
to this reference knowledge. In particular, it is assumed S={zze U W™ Az is a sentence}  (3)
that the higher the score of this comparison as they are
more similar (i.e. students should use the terms in the
answers as instructors do in the correct answers), the
better the knowledge the student has about the topic under
assessment. Moreover, given the hierarchical structure of
knowledge proposed, it can be said that the higher the
score of this comparison, the higher the confidence that
the student knows the terms (labels of the concepts) used
in the answer as they belong to the topics of the area-of-
knowledge under assessment. To sum up, the metric has
to: include information about the reference knowledge,
include information about the student’s performance when
answering questions and, take into account that the stu- score : I xQa— R 4)

n=1

« S, that is the set of possible sentences defined as:

n=1

o @4, that is the set of questions to assess an area-of-
knowledgeA.

« I, that is the set of individuals whose knowledge in
A is evaluated using) 4.

o @;, that is the set of questions askedito

o T4, that is the set of terms extracted framn

Let the functions be:

« score, that assigns the numerical mark given by the
free-text ACAA system to the answer provided by
to the question ¢ Q 4:
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o frequency, of t € T4 for a set of sentences € S:  C. Estimating the CV of the student’s concepts for the
whole class conceptual model

fiTax|)S"— N (5) The same ideas are used for the whole class conceptual

n=1 model, with the difference that the values are averaged for

o references, for Q: all the answers given by all the students of the class. In
this way, what is modeled is not the particular use of
refs: p(Qa)\0 — S (6) aBc, TC or AC by a student but by the whole class.

Equation 11 shows the mathematical formulation of the

. , provided byi € I to the questiony € : ) .
answer, p ye g € Qa first metric for a setl of students:

answer : Q4 — U Sm (7)

n=1

1 )

SCGroup(t,I,Qr) = Z
iel
Similarly, Equation 12 is the mathematical formulation
of the second metric, and Equation 13 is the mathematical
. formulation of the CV to be assigned to each BC of the
SC(t,,Q:) = 2 qeq, score(i,q) x f(trefs({q})) whole class conceptual model:

o f(t,refs(Q;
( (Qi)) @®

The possible values C' are the same that theore
function as it is its weighted mean. Equation 9 gives the
mathematical formulation of the second metric: )

CcvVSs t i
CV ScoreGroup(t,I,Qr) = Z CO|T;|(| 1 Qi)
f(t,answer(i,q)) icl

2o qeQinf(trefs(@)£0 * Frelsi@) (13)
11Qil| TCs and ACs confidence values for the group con-
(9)  ceptual model are calculated as in the particular student
The possible values oRC range from 0 up to a conceptual model but from the values achieve with Equa-
positive K that depends on the language that weightsion 13 so that the results are common to all the students.
the maximum number of words that could contain its
longest sentence. As can be seen, the range of possile g jing the relationships between the concepts
values of SC and RC' are not compatible, and thus, in .
order to make possible their combination, they have to be 11€ content of the conceptual model is not only the
normalized. It is done by dividing by the maximum value CONcepts and their CVs but also, and very importantly,

of the range so that both metrics are scaled to the rangf® relationships between these concepts. Type 1 links
0 (minimum confidence in that the concept is known) up(AC—TC) are fixed according to the information provided

to 1 (maximum confidence in that the concept is known).by the instructor. In fact, they are created by connecting

Therefore, the metric for CV can be defined as thethe AC with each TC. Thus, they are the same for all the
function that assigns a number from 0 up to 1 tha§tudents (although it is important to note that the CVs of

indicates the confidence that the free-text ACAA systemthe Concep_ts that join are different).
has that a certain € I knowst € T4 according to the ~ 1YP€ 2 links (TC-BC) are created once the BCs are

answers provided and the references of a set of questior?%“raaed using the automatic term identification module
Qi € Q4. The weight given toSC and RC' depends on and transformed to their canonical form (plural to sin-
which requisite of the metric is considered most relevantdular, feminine to masculine, etc.). The idea is that in
The weight can be initially fixed (by default) to 50% so the term that labels a BC has been found in a reference

that both metrics have the same relevancy. Equation 10 & @ questiong belonging to a certain topic, then this
its mathematical formulation: BC has to be linked to the name of the topic, that is,

its TC. Hence, as above, they are the same for all the

) students (although the CVs of the concepts to be related
CV Scoreg(t,i,Q;) = SCn(t,i,Qi)B—i—RCn(t,i,Qi)(l—ﬁ) are different). It is also important to mention that a BC

(10)  can belong to different TCs and thus, several type 2 links

By using this formula, each term is assigned a CV.can be created connecting the BC to each TC.

Moreover, the BC labeled by this term is assigned a CV. Finally, type 3 links (BC-BC) are automatically ex-
In the case of TCs, the underlying idea is that since BCs¢racted from the answers provided by the students. The
belong to one or more TCs, a TC has been understoogrocedure is as follows: find one BC and mark it as the
if all its BCs have been understood. Hence, the CV offirst BC of the relationship; find another BC in the same
each TC is calculated as the mean value of the CVs dadentence and mark it as the second BC of the relationship;
all the BCs related to it. Similarly, once each TC has beermand, finally, extract the words between the first and the
assigned a CV, the AC confidence-value is calculated asecond BC and mark them as the linking words of the
the mean value of the CVs of the TCs related to it. relationship.

From these definitions, Equation 8 gives the mathemat-
ical formulation of the first metric:

RC(t,1,Q;)

I (12)

RCGroup(t,I,Qr) = Z

i€l

Rc<t7 ia QL) =
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V. VISUALIZATION OF THE CONCEPTUAL MODEL model represented as concept map with IOV. It can be

As it has previously stated, concept maps have beef€en thqt i't is easy to discern if the student has success-
widely used for all aspects of education and they ardully as§|mllated the concepts exposed' in the lesson just
considered as one of the best representations to intuitively |00king at the higher concept of the hierarchy (the AC).
show how concepts are interrelated in people’s minds ant it has a green foreground color, it means that th_e student
where the misconceptions and lack of previous concept$ ready to continue learning another AC. Othe_rwuse_,_some
are. This has been the motivation to represent the gefroblems have appeared and they can be identified by
erated conceptual model as a concept map composed B:gpklng at'lower concepts in the hierarchy, initially TCs
nodes (each node represents a concept) and links betwehsee which ones are lacking and next, the BCs related
them. A spider-like organization of the map has beerfO the non green TCs.
chosen, as it is one of the most suitable formats for the Additionally to the information provided by the con-
hierarchy of concepts proposed with the AC in the centefepts and its hierarchy, links are very useful to detect
of the map, the TCs linked to it in their surroundings andmisconceptions and lack of relationships. The misconcep-
the BCs adjacently linked to their related TCs and BCs.tions are detected whenever there is a type 3 link between
Originally, the CLOVER [29] tool was used to visualize two BCs that should not be related and thus, teachers
the conceptual model as a concept map. Currently, ghould evidence the erroneous of this link. The lack of
new viewer called 10V (Integrated On-line Viewer) has type 3 links denotes that students may understand each
been developed. It shows a simplified representation dfolated concept but they have not recognized that they
the conceptual model as a concept map with the aim okre related and thus, teachers need to reinforce the link
making it more clear to the users when the number obetween them.
concepts of the course is below a certain threshold. Three This representation in form of concept map is partic-
main modifications have been implemented: ularly interesting whenever a global view of a particular
. The clustering of concepts has been deactivated studer_1t or the whole class is pursued. Moreoyer, when the
It is because users sometimes complaint that th&Vvolution through the course wants to be reviewed
CLOVER representation was too complex to under-
stand. Hence, as the hierarchy of the knowledge is
already implicitly represented by the use of ACs,
TCs and BCs, no additional grouping is seen as Naturally, teachers aim that students acquire certain
necessary and, to make this representation mormeanings that are accepted in the context of the course
similar to the original concept map proposed byand shared by a users’ community. However, it has
Novak, in the new viewer a node always representbeen reported in the literature how what the teachers
a concept and not a group of concepts. try to transmit to the students and what students are

« The color schema has been changedlo use actually able to understand is quite different. In order
two different color codes for the background andto bridge this gap and improve the quality of teaching,
foreground colors was confusing to some userswe have presented in this paper an extended version of
Thus, the color schema is modified so that only thethe procedure presented in [5] to automatically generate a
background color remains and it serves to represerdtudent’s and a group of students’ conceptual model from
the CV. Besides, it is not so strict for the rangestheir answers to an automatic free-text scoring system and
exposed (i.e. only red, yellow or green), but theto give it as feedback to teachers and students represented
whole degradation from utter red (CV=0) up to as a concept map.
utter green (CV=1) passing from lighter red, orange, This approach unlike the ones reviewed in the related
lighter orange, yellow, stronger yellow, light green literature, do not ask students to draw the concept maps or
and stronger green. The foreground color is no longeto negotiate it, but automatically generate them, making
necessary, as the the type of node is indicated by thghe whole process transparent both to teachers and stu-
size and place in the concept map. The AC is biggetents. Furthermore, it is different from the one proposed
and it is always at the center, the TCs are mediumin E-TESTER as it is not only focused on comparison of
size and are placed in the second radial line whilefrequencies in the student’s answer and the references, but
the BCs are smaller and are placed in the next radialalso take into account additional information such as the
lines (red BCs nearest to the TCs and greener BCautomatic score provided by the free-text ACAA system
furthest to give a general impression of degradatiorand the links among the concepts.
from the borders of the concept maps). A hierarchical structure of knowledge is proposed in

« The links have been reorganizedAn effort have  which three type of concepts are distinguished: BCs, TCs
been done to avoid crossings among links. It hasind AC. Besides, there can be identified three types of
been achieved by locating each TC as a differentinks: BC-BC, BC-TC and TC-AC. A new metric has
branch parting from the AC and calculating the spaceyeen proposed to evaluate the confidence that a student
for each node according to the nodes that are relateghows a certain concept taking into account not only the
to it. frequency of use of the terms in the students’ answers and

See Figure 2 for an example of a student’'s conceptughe references, but also the automatic score and several

VI. CONCLUSIONS AND FUTURE WORK
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Figure 2. An example of concept map of a student that has studied a month of a course.

other ratios of comparison between the student’s answer according to the lack of knowledge or misconcep-

and the references. tions detected in the previous answers provided to
No qualitative score has been assigned to the concep-  Willow.

tual model as it is not intended its use as a new summative « To represent the concept map in other formats such

assessment tool. Our goal is not to keep the student model as diagram, bar chart, table, etc.

so that Willow can choose better the next question, to « To analyze the possibility of assigning a quantitative

ask the students to draw concept maps to improve their ~ score to each concept map and, calculate the correla-

reasoning process or to modify the score depending on  tion between the scores achieved by the students in a

the use of concepts. Our goal is to help teachers, to reveal real exam and the values associated to the generated

them which concepts should be reviewed as the students concept maps.

are not understanding them (they failed to use them or

use them incorrectly) and which ones have already been ACKNOWLEDGMENT

assimilated. Moreover, the conceptual model is not only We thank the teachers and students that collaborated

particular to one student but it can be referred to the wholgvith us in the experiments carried out.
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