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Abstract:

The incorporation of linguistic components in learning environments is an emerging research field that aims to provide additional capabilities to learners and improve the learning process. In this paper we present different tools aiming to support linguistic oriented functions and give examples of how these tools can be combined with a concept mapping learning environment.

1. Introduction

The significant increase of computers in schools calls for an increased development and integration of NLP (Natural Language Processing) -based learning environments. While basic spell checking is now available for most word processing programs and basic speech processing and recognition techniques are almost conventionally available as part of educational applications (e.g. accent training, conversational practice), other areas of computational linguistics competence have not been integrated yet as part of the learning environments.

E-learning is a way of teaching and learning, which relies on the use of computer-mediated communication, either in a synchronous or in an asynchronous way. The potential of language technology to make these ways of communication more effective and transparent is high. Language technology can help to enhance the accessibility of online teaching materials and the adaptability of systems for learning management. Recently, the first attempts for the creation of prototypes of learning environments with linguistic components have been made. These systems are still in their embryonic state and there is a considerable deficit of deep scientific researches in that direction. 

In the following we present different linguistic oriented tools and give a brief description of a concept mapping learning environment that supports learning and assessment. Then, we give examples of combining the linguistic oriented tools with the concept mapping learning environment.
2. Linguistic Tools and Learning Environments

Part of the work presented in this paper was carried out in the context of the on-going joint research project Let’s LEARN (Language Engineering Tools in Learning Environment: Application, Research, Innovation) [3]. The team of this bilateral project consists of researchers from the University of Plovdiv, Bulgaria (PU) and the National and Kapodistrian University of Athens, Greece (UOA).

The project concerns one relatively new research direction, namely the incorporation of linguistic components into the educational applications. The aim of the project Let’s Learn is to explore and facilitate incorporation of linguistic components in learning environments and to design a Virtual Learning Environment (VLE) with linguistic components (related with the Bulgarian and Greece languages and speech). Some of the specific possibilities in this direction are: cross-lingual information retrieval of learning Internet materials written in one language (when there is lack of materials) with queries written in another; assessment of open questions; identification of the meaningful content of free-text responses and automatic scoring of short answers (using lexical-semantic techniques); automatic clustering of learning materials after the concepts and relations have been extracted from them; text-to-speech transformation (for people with disabilities), etc. Incorporation of such components into VLEs gives them new functional characteristics and will make them language independent in a large measure, user-friendly, useful and intelligent. The study is in an interdisciplinary field between NLP and e-learning where the PU and UOA researchers have a lot of preliminary successful results. Between them, in the field of computational linguistics, are a number of tools for processing of Bulgarian and Greek texts developed in the frame of BalkanNet project (a project developed under the 5th framework programme, where the PU and UOA took part); for instance a tool for automatic generation of test questions and answer checking. 

In the following, a description of relevant tools developed at UOA as well as a brief overview of the concept mapping learning environment referred to as COMPASS are given.

The Lemmatizer for the Greek language [4] is a tool that operates as follows: with a word in Greek as input, it analyzes the word and ‘returns’ its dictionary citation (lemma) form. The lemmatizer has been used as the basis for the development of a tool that counts the occurrences of words in a Greek corpus, in all their inflected forms. This tool, given a number of texts in Greek, creates a list giving the frequency of total occurrences of each word in the texts, regardless of the inflection type in which this word appears. A set of tools for Electronic Dictionaries (extraction and processing of linguistic information from machine-readable dictionaries) has been developed [4]. More specifically, these tools can perform: extraction of POS-related information; extraction of linked lemmata and lemmata acting as compounds; extraction of synonyms, antonyms and meronyms; search for antonymic relations in the definitions of lemmata; search for semantic relations, etc.

The Greece tool for concordance and collocation extraction [4] can produce the following linguistic information regarding a corpus (number of text files): given a certain word, it produces a list of all the concordances of that word that appear in the text. It is possible to specify how many words to the left and to the right of the target word we want to show in the concordances; given a certain word, it finds the collocates of that word and prints them sorted either alphabetically or by frequency, etc.

The LinktoWordNet (http://hermes.di.uoa.gr/linktowordnet/linktowordnet.jar) is a web-enabled tool for supporting the search of lexical information from the electronic lexical database WordNet. LinktoWordNet can be used either as a stand-alone tool or in cooperation with the concept mapping learning environment COMPASS (see below) while working on an activity or/and during the map analysis. More specifically, LinktoWordNet offers learner, the capability to choose (i) the word s/he is searching lexical information for, (ii) the searching knowledge domain, (iii) the language the word belongs to (the tool supports the following languages: English, Greek, Bulgarian, Serbian, Romanian), (iv) the 3rd language (e.g. Bulgarian, Serbian and Romanian) to translate the meaning of the word that was found (the word is translated in English and Greek by default), and (v) for more lexical information about the rest meanings of the word. Moreover, LinktoWordNet provides learner the possibility to search for lexical information about the specific sense of the word that belongs to the chosen searching knowledge domain. In case that no sense of the word is found belonging to the searching domain, the tool presents lexical information about the most frequently used sense of the word. Figure 1 presents the main screen of the tool. The learner has to select an item from the following search options:

· The language in which the word s/he is looking information for belongs (point 1 in Figure 1).

· The 3rd language in which the word will be translated (the other 2 languages are English and Greek by default) (point 2 in Figure 1).

· The knowledge domain s/he is interested in (point 3 in Figure 1).
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The word, s/he is looking information for, by selecting it from the list (point 4 in Figure 1) or by typing it in the textfield (point 5 in Figure 1). The provided list includes the concepts that can be used in the context of a concept mapping activity, which is elaborated through the COMPASS environment.

Lexical information of the word will be presented on the suitable text areas of the interface.

Figure 1. A screen shot of the LinktoWordNet tool.
Based on the choices of the learner, LinktoWordNet does a search in the suitable database files of WordNet and returns lexical information of the word as well as its translation. LinktoWordNet returns not every lexical information provided by WordNet but only information concerning definition, synonyms, hyponyms/hypernyms, and meronyms/holonyms. Due to the fact that a word may have more than one meaning (e.g. “mouse” as an animal or as a computer peripheral), LinktoWordNet is looking for information on the meaning that belongs to the knowledge domain that the learner has selected from the search options. If there is no meaning of the word belonging to the selected knowledge domain, LinktoWordNet returns information on the most frequently used meaning of the word. LinktoWordNet provides the learner the capability to get information on the rest meanings of the word (by clicking on command button: “Find another meaning”).

A web-enabled concept mapping learning environment, referred to as COMPASS (COncept MaP ASSessment tool) [5] has been developed in order to support learners to construct concept maps and promote the assessment and learning. More specifically, COMPASS (available at http://hermes.di.uoa.gr/compass) aims to assess learner’s understanding as well as to support the learning process by employing a variety of concept mapping activities, applying a scheme for the qualitative and quantitative estimation of learner’s knowledge and providing different informative, tutoring and reflective feedback components, tailored to learner’s individual characteristics and needs. Based on the learning goal that learner selects, which corresponds to a fundamental topic of the subject matter, COMPASS provides various activities, addressing specific learning outcomes. Depending on the outcomes, the activities may employ different concept mapping tasks, such as the construction of a map, the evaluation/correction, the extension and the completion of a given map; each of these tasks provides a different perspective of learner’s understanding. The concept mapping tasks are characterized along a directedness continuum from high-directed to low-directed, based on the context of the task and the support provided to learners; learners may have at their disposal a list of concepts and/or a list of relationships to use in the task and/or may be free to add the desired concepts/relationships. The provided lists may contain not only the required concepts/relationships but also concepts/relationships that play the role of distracters. Depending on the attributes of the activity, learner’s concept map may be assessed either automatically by COMPASS, or by teacher or by peers through the PECASSE (PEer and Collaborative ASSessment Environment) environment (available at http://hermes.di.uoa.gr:8080/pecasse). The analysis of the map (i) is based on the assessment of the propositions according to specific criteria concerning completeness, accuracy, superfluity, missing out and non-recognizability, (ii) results into the identification of specific error categories, and (iii) is discriminated in the qualitative and the quantitative analysis. The qualitative analysis is based on the qualitative characterization of the errors and aims to contribute to the qualitative diagnosis of learner’s knowledge; that is learner’s incomplete understanding/beliefs and false beliefs. The quantitative analysis aims to evaluate learner’s knowledge level on the central concept of the map and is based on the weights assigned to each error category as well as to each concept and proposition that appear on expert map [6]. The weights are assigned by the teacher and reflect the degree of importance of the concepts and propositions as well as of the error categories, with respect to the learning outcomes addressed by the activity. In this way, the teacher has the possibility to personalize the assessment process. The results derived from the map analysis are represented to learners in an appropriate form during the feedback process [7].

3. Combining Linguistic oriented tools with Learning Environments

LinktoWordNet  with COMPASS

Research efforts that combine WordNet with concept mapping are presented in [1] and [8]. In particular, in [1] an algorithm that uses WordNet to disambiguate the sense of a word from a concept map, using the map itself to provide its context is presented. The proposed algorithm can be used in order to (i) enhance the “understanding” of the concept map by modules in the CmapTools software [2] that aide the user during map construction, and (ii) sort the meanings of a word selected from a concept map according to their relevance within the map when the user navigates through WordNet hierarchies searching for more appropriate terms. In [8], WordNet is used to construct additional proposition derivatives by supplying different linking phrases in place of those originally specified by users in the context of the C-TOOLS project.

LinktoWordNet can be a valuable tool for supporting learners in their attempt to construct concept maps as it provides meaningful information. Specifically,

· Definition and synonyms can help learners to understand a word that is unknown or may have been misunderstood.

· Hyponyms and holonyms can be very useful when the concept map includes relationships like “such as” or “is a kind of”.

· Meronyms and holonyms can be important information when the concept map includes relationships like “is composed of” or “is a part of”.

[image: image1]
Figure 2. Working out a “concept list completion” activity, where nodes 1,2,3,4 were missing. Use of meronym and hyponym information.
Example 1. Searching unknown concepts as well as their meaning
In the context of a concept mapping activity worked out with COMPASS, the learner has to fill/complete a concept map with a list of concepts, provided by the environment. If the learner is not sure about the meaning of a word in the list, using LinktoWordNet s/he will be provided with significant information. Supposing that the activity’s subject is referenced in computer science and the word memory is unfamiliar to the learner; the screenshot beside presents the search results.
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Figure 3. Searching information on “memory” in “computer science” domain
Example 2. Searching concepts of the map characterized as unrecognizable 
In the context of a concept mapping activity worked out with COMPASS, the analysis of learner’s map indicates a concept, which is characterized as unrecognizable. Using LinktoWordNet, the learner will be provided with significant information. Supposing that the activity’s subject is referenced in publishing, the concept map is written in Bulgarian and the word “принтер” is characterized as unrecognizable; the screenshot beside presents the search results.
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Figure 4. Searching information on “принтер” in “publishing” domain
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