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Abstract 

Contemporary research has focused on how concepts are represented and organized in the 
mind, leading to neurocognitive theories such as grounded cognition or embodied cognition. 
These theories have greatly influenced further studies in linguistics and terminology. In this 
way, conceptualization, categorization, and knowledge organization are the foundation of 
cognitive-oriented terminology theories which highlight the relevance of situated knowledge 
structures, such as Frame-based Terminology. Accordingly, the practical application of 
Frame-based Terminology is EcoLexicon, a dynamic terminological knowledge base on 
environmental science. Concepts in this terminological resource are domain-specific within the 
Environmental Event, a model that interrelates concepts by assigning them different roles. 
However, the Environmental Event does not include specific category types to annotate these 
concepts ontologically. Therefore, this paper presents a process of ontological knowledge 
enhancement in EcoLexicon. This process was mainly based on the categorization of its 
concepts in semantic classes with a multidimensional approach. As a result, EcoLexicon was 
ontologically enhanced not only in terms of this categorization, but also through a redesign of 
the conceptual categories module, which involved modifying the existing category hierarchy 
and implementing new features focused on describing the combinatorial potential of concepts 
and categories (i.e. the conceptual combinations function and the ontological view). 
 
Keywords: conceptual categories; conceptualization; categorization; ontology; environmental 

knowledge 

1. Introduction 

According to classic theories of cognition, knowledge representations are amodal data 

structures located in a semantic memory that is completely isolated from the modal 

systems of the brain for perception, action, and introspection (Barsalou, 2008). 

However, contemporary theories of cognition, including grounded cognition (Barsalou, 

2010; Kiefer & Barsalou, 2013) and embodied cognition (Gallese & Lakoff, 2005; 

Martin, 2007; Meteyard et al., 2012), propose a more interrelated depiction of 

knowledge in our minds. 

Grounded cognition considers that factors such as the environment, situations, the 

body and simulations are essential for contextualizing the cognitive representations in 

the brain’s modal systems (Barsalou, 2010). Likewise, embodied cognition implies that 

the body is the main grounding mechanism and that all cognitive processes depend on 

perception and action (Meteyard et al., 2012). In line with this, concepts are embodied 

in the sense that their conceptual features are represented in sensory and motor brain 

areas based on experience (Kiefer & Pulvermüller, 2012). Not surprisingly, every 

discipline with a cognitive perspective pays attention to how concepts are represented 
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and organized in the mind (Mahon & Caramazza, 2009) or, in other words, to how 

conceptual information is categorized. 

These grounded or embodied approaches to conceptualization are particularly relevant 

to the fields of linguistics and terminology because of the cognitive shift (Faber, 2009) 

in these disciplines over the last decade. This cognitive shift has specifically affected 

the study of terminology in relation to specialized knowledge representation, category 

organization and conceptual description. Not surprisingly, terminology is a discipline 

that combines linguistic and cognitive facets, since terms are linguistic elements which 

carry conceptual meaning within the framework of specialized knowledge texts (Faber, 

2009). As such, lexicographic and terminological resources should draw on various 

aspects or details coming from psychological studies. 

Accordingly, cognitive-based theories of terminology are also inspired in contemporary 

theories of cognition. Thus, they claim that specialized concepts are not activated in 

isolation, but are typically contextualized in background situations and events (Faber 

& San Martín, 2010). For instance, when perceiving an entity, people also perceive the 

space where it is located, including the agents, patients or events affecting it. 

Moreover, brain-imaging experiments have confirmed that simulations of potential 

actions are greatly involved in the conceptualization of entities and events, even 

including those which are mentioned in specialized language texts (Faber et al., 2014). 

Because of the influence of cognition in terminology, it is necessary to develop or 

enhance the ontological information displayed in terminological resources so as to offer 

more accurate representations of concepts and their descriptions. This would lead to a 

more expressive formal ontology, which would not only benefit human users by 

facilitating knowledge representation and acquisition, but also non-human users by 

offering a higher degree of interoperability and usefulness. In most cases, this process 

starts by structuring the knowledge contained in the resource in a given manner, and 

this is the point where categorization plays a key role. In fact, classifying knowledge 

through categorization is inevitable, because any concept can be included in a set of 

hierarchically-organized categories (Murphy & Lassaline, 1997), which can range from 

general to specific levels. 

In this context, this paper addresses a process of ontological knowledge enhancement 

in EcoLexicon1, a terminological knowledge base on environmental science. This 

process was mainly based on the categorization of its concepts in semantic classes with 

a multidimensional approach. As a result, EcoLexicon was ontologically enhanced not 

only in terms of this categorization, but also through the redesign of the previous 

conceptual categories module, which involved modifying the category hierarchy and 

implementing new features (i.e. the conceptual combinations function and the 

ontological view). 

                                                           

1 http://ecolexicon.ugr.es/en/index.htm 
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2. Conceptual categorization of environmental knowledge 

Neurological characteristics such as conceptualization, categorization, and knowledge 

organization are the foundation of Frame-based Terminology (FBT), a 

cognitive-oriented terminology theory which highlights the relevance of situated 

knowledge structures represented as frames (Faber, 2015). FBT combines specialized 

knowledge representation with cognitive linguistics and semantics, taking aspects from 

both psychological and linguistic models. Frames are the cornerstone of FBT, and they 

are usually defined as the knowledge structures which contain information about the 

conceptual level and which relate entities and events associated with a particular scene 

or situation from human experience (Faber, 2015). Accordingly, any scientific or 

technical text contains specialized knowledge units that activate domain-specific 

semantic frames that are linked to the domain and to the user’s background 

knowledge. 

FBT has its main practical application in the form of a terminological resource: 

EcoLexicon (Faber et al., 2016). EcoLexicon is a dynamic terminological knowledge 

base on environmental science that provides a wide range of information about each of 

its entries, including conceptual, linguistic, phraseological, and multimodal aspects. 

EcoLexicon currently contains approximately 4,500 environmental concepts and 

23,500 terms distributed in seven languages (English, Spanish, German, French, 

Dutch, Modern Greek, and Russian), with plans to include terms in Chinese, 

Portuguese, and Arabic. In addition, one of the most important functionalities in 

EcoLexicon is its general view (Figure 1), where conceptual networks are displayed 

and show how concepts are interrelated through different semantic relations 

(generic-specific, part-whole, and non-hierarchical relations). 

 

Figure 1: General view of EcoLexicon. 
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2.1 Environmental Event 

According to FBT, conceptual networks are based on an underlying domain and on a 

closed inventory of both hierarchical and non-hierarchical semantic relations (Faber et 

al., 2009). These were the main premises used when building EcoLexicon, and the 

targets were conceptual relations and the combinatorial potential of concepts, 

extracted from corpus analysis. 

In EcoLexicon, knowledge can be accessed from general to more specific relational 

structures. The most basic level is the Environmental Event (EE). In this frame, 

general categories of environmental entities are linked by predicates codifying the 

states, processes, and events in which the entities can take part (Faber, 2015). As 

stated by León-Araúz et al. (2012), the EE contains basic meanings that relate 

concepts, roles, and categories pertaining to general environmental knowledge. 

Moreover, the EE also links generic categories at the superordinate level and provides 

the basis for subframes that can be used to restrict contextual information to what is 

most relevant. 

 
Figure 2: Environmental Event. 

 

As shown in Figure 2, the Environmental Event has two types of AGENT that can 

initiate processes, i.e. NATURAL AGENTS (inanimate) and HUMAN AGENTS (animate). 
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On the one hand, natural forces (e.g. water movement) cause NATURAL PROCESSES 

(e.g. river erosion) in specific locations, commonly regarded as PATIENTS (e.g. 

riverbed) which, as a RESULT, may suffer alterations (e.g. deterioration, modification 

of size or shape). On the other hand, humans can also carry our ARTIFICIAL PROCESSES 

(e.g. construction) to alter the EFFECTS normally caused by natural processes (e.g. 

protection), or to create new effects through the use of certain INSTRUMENTS (e.g. 

defence structures). 

Nevertheless, the conceptual representation of environmental knowledge cannot be 

achieved simply by assigning these generic semantic roles to concepts as if all of them 

would belong to a universal type of event (León-Araúz et al., 2012). In fact, 

contextualization has to be taken into account, because the way in which a concept 

interacts with other concepts can influence its categorization (Evans & Green, 2006). 

For this reason, the EE was originally used as a macrostructure for the further design 

of context-dependent microstructures (e.g. coastal engineering, meteorology, 

oceanography). 

In recent years, the content of EcoLexicon has widely expanded, including a large 

quantity of conceptual and semantic information that has allowed us to interrelate all 

of its content, and thus go beyond the specific cases observed in the original EE. 

Because of this expansion in conceptual meaning, the need for an enhanced ontology of 

environmental categories has become apparent, since the EE does not include specific 

category types to annotate all environmental concepts ontologically, but only semantic 

roles. For this reason, we carried out an in-depth categorization process of all concepts 

in the database, a revision of the ontology underlying EcoLexicon, and the 

implementation of new features to its conceptual categories module, which will be 

explained in the following sections. 

2.2 Conceptual categorization process 

An ontology is usually regarded as a database describing the concepts of a knowledge 

field, their properties or characteristics, and how concepts are related to each other 

(Weigand, 1997). Moreover, ontologies are often organized as classification hierarchies 

and tend to be as universal as possible so that they can be used and reused for 

different applications. Such hierarchies tend to position the three most basic 

ontological categories at the top level: ENTITIES or OBJECTS, PROCESSES or EVENTS, 

and ATTRIBUTES or PROPERTIES (Mahesh & Nirenburg, 1995; Moreno-Ortiz & 

Pérez-Hernández, 2000). 

In this context, various ontology-based projects for categorizing environmental 

knowledge have already been carried out, such as the Environmental Ontology2 

                                                           

2 http://www.obofoundry.org/ontology/envo.html 
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(ENVO) (Buttigieg et al., 2013, 2016). More specifically, ENVO defines itself as “a 

community-led, open project which seeks to provide an ontology for specifying a wide 

range of environments relevant to multiple life science disciplines and, through an open 

participation model, to accommodate the terminological requirements of all those 

needing to annotate data using ontology classes” (Buttigieg et al., 2013). Although 

this project was initially focused on the representation of biomes, environmental 

features, and environmental materials, it has been continuously expanding to include 

ontological information related to a multitude of interrelated fields (Buttigieg et al., 

2016). 

In a similar way, the conceptual categorization process in EcoLexicon followed the 

premises behind ENVO’s ontological reasoning by adapting the conceptual categories 

and hierarchies to the specific needs of the environmental knowledge contained in 

EcoLexicon. Because of the dynamism of environmental sciences (León-Araúz et al., 

2012), it was essential to take into account the multifaceted nature of concepts, as they 

can belong to more than one category depending on their salient features (Kageura, 

1997). For this reason, the conceptual categorization process was carried out from a 

multidimensional perspective. 

A series of semantic classes belonging to different top-down categorization levels was 

established to determine degrees of specificity (Murphy & Lassaline, 1997) and 

conceptual similarity (Hahn & Chater, 1997), so that every concept could be tagged 

with a category showing its interrelation with ontologically-similar elements. These 

semantic classes were mainly based on concept definitions and on the contextual 

information in the EcoLexicon corpus, but they were also contrasted with the 

ontological classes found in ENVO (Buttigieg et al., 2013, 2016). Consequently, an 

enhanced category system for EcoLexicon was established and hierarchically organized 

(Figure 3). 

 
Figure 3: Example of the category hierarchy. 

 

In this way, the 4,500 concepts in EcoLexicon were classified in 152 categories, 

distributed in five categorization levels. To begin with, the most general level is 

composed of the three starter ontological categories (Mahesh & Nirenburg, 1995; 

Moreno-Ortiz & Pérez-Hernández, 2000): 
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A: ATTRIBUTE – properties of entities and processes 

E: ENTITY – physical and mental objects 

P: PROCESS – events extending over time and involving different participants 

However, depending on the ontological nature of concepts, they can be subclassified in 

up to five levels of specificity, as can be seen in the category hierarchy involving 

CREATION concepts: 

E: ENTITY 

E-1: CREATION 

  E-1.1: ARTIFACT (e.g. dc bus) 

   E-1.1.1: CONDUIT (e.g. duct) 

   E-1.1.2: CONTAINER (e.g. sedimentation tank) 

   E-1.1.3: INSTRUMENT (e.g. centrifugal pump) 

    E-1.1.3.1: MEASURING INSTRUMENT (e.g. accelerometer) 

    E-1.1.3.2: RECORDING INSTRUMENT (e.g. albedograph) 

    E-1.1.3.3: SAMPLING INSTRUMENT (e.g. automatic sampler) 

    E-1.1.3.4: TRANSFORMING INSTRUMENT (e.g. solar cell) 

   E-1.1.4: VEHICLE (e.g. dredger) 

  E-1.2: SOFTWARE (e.g. computer application) 

  E-1.3: STRUCTURE (e.g. pier) 

   E-1.3.1: BUILDING (e.g. oil refinery) 

   E-1.3.2: DEFENSE STRUCTURE (e.g. reef breakwater) 

Additionally, those concepts with a multidimensional nature (Kageura, 1997) were 

classified in as many categorization hierarchies as necessary, depending on the salient 

features observed in their definitions and in the corpus. For instance, one of the most 

multifaceted concepts is port, which was classified according to four categories: 

 Concept: port 

 Definition (from EcoLexicon): place along a river or seacoast that gives 

ships and boats protection from storms and rough water, and where ships 

can load and unload cargo. It can be natural or artificial. 

 Conceptual category: 

o E-1.3: STRUCTURE 

o E-4.1: ARTIFICIAL GEOGRAPHIC FEATURE 

o E-4.2: NATURAL GEOGRAPHIC FEATURE 

o E-12.1.2: FACILITY 

Figure 4 shows a fragment of the categorization table that was used to summarize the 

classification process. The first column contains the concept analyzed; the second 

column indicates whether the concept is multidimensional; the third column describes 

the number of categories applied to a single concept; and the remaining columns 

contain the top-down categories applied to each concept. 
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Figure 4: Example of the categorization table. 

From an ontological point of view, 16 categories were associated with attributes, 93 

with entities, and 43 with processes. (For a full list of the conceptual category 

hierarchy in EcoLexicon and some examples of each category, see Appendix A.) 

3. Ontological perspective in EcoLexicon 

The ontological enhancement process in EcoLexicon was mainly based on the 

categorization of its concepts in semantic classes with a multidimensional approach. 

As a result, not only was it possible to improve the structuration and organization of 

all the environmental knowledge it contained, but also to offer new practical 

applications and functionalities so that the end user could make the most of the 

ontological information. Essentially, the ontologically-enhanced functions that were 

implemented in EcoLexicon are the following: (i) the ontological view, an optional 

addition to the conceptual networks displayed in the general view; and (ii) a new 

conceptual categories module, including the revised category hierarchy and a 

conceptual combinations function. 

3.1 Ontological view 

The general view of EcoLexicon includes a series of elements that show all the 

information contained in the database in a user-friendly interface that facilitates 

access to the different types of data. The main information about each entry is broken 

down into five modules: (i) definition module, with a terminological definition based 

on the explicitation of the genus and the differentiae; (ii) term module, with the lexical 

denominations for a concept in the different languages available and linguistic 

information; (iii) resource module, with multimodal resources such as images, videos 

and hyperlinks; (iv) conceptual categories module, with the list of categories to which 

the concept belongs; (v) phraseology module, with the phraseological pattern and the 

collocational information about the concepts and terms. Furthermore, this 

terminological knowledge base also offers more functionalities, including the possibility 

of searching specific concordances in the EcoLexicon corpus and extracting statistics 

about the information in the database. 
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The most prominent feature of EcoLexicon is its dynamic visual display of conceptual 

networks, where concepts are surrounded by their multilingual denominations and 

related to each other through semantic relations. In EcoLexicon, three different types 

of semantic relations are distinguished: generic-specific relations (type_of), part-whole 

relations (part_of, made_of, delimited_by, located_at, takes_place_in, phase_of), 

and non-hierarchical relations (affects, causes, attribute_of, opposite_of, studies, 

measures, represents, result_of, effected_by, has_function). 

In relation to the ontological enhancement process in EcoLexicon, this visual display of 

conceptual networks was improved through the implementation of an optional feature 

known as the ontological view (Figure 5). As a result of the conceptual categorization, 

each concept in EcoLexicon is tagged with one or more of the 152 categories, which 

allows for including this information so that the end user can observe the 

combinatorial potential of concepts according to their ontological nature. 

 

Figure 5: Ontological view (concept: root). 

In Figure 6, the ontological view feature has been activated, so that a series of bubbles 

pop up over each concept (in blue) and indicate the conceptual categories to which 

each concept belongs (in red). Thanks to this functionality, there is a series of 

observations that can be made regarding the combinatorial potential of the chosen 

concept. For instance, it is interesting to confirm that solar cell (TRANSFORMING 

INSTRUMENT & PART OF INSTRUMENT) shares exactly the same categories with the 

other concepts to which it is related through a generic-specific relation: amorphous cell 

(TRANSFORMING INSTRUMENT & PART OF INSTRUMENT); crystalline solar cell 

(TRANSFORMING INSTRUMENT & PART OF INSTRUMENT); and thin-film solar cell 

(TRANSFORMING INSTRUMENT & PART OF INSTRUMENT). In the same way, since solar 

cell is categorized as a PART OF INSTRUMENT, its membership in larger conceptual 

categories is expressed through part-whole relations: photovoltaic system 

(TRANSFORMING INSTRUMENT & SYSTEM) and solar panel (TRANSFORMING 

INSTRUMENT). Finally, the concepts that are linked to solar cell through 
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non-hierarchical relations are indeed related to the nature of this concept as a 

TRANSFORMING INSTRUMENT: energy (ENERGY & MEASUREMENT) and solar radiation 

(ENERGY MOVEMENT). 

 

Figure 6: Ontological view (concept: amorphous cell). 

3.2 Conceptual categories module 

The original conceptual categories module in EcoLexicon only classified concepts 

according to the semantic roles designated in the Environmental Event (Faber, 2015; 

León-Araúz et al., 2012). For this reason, after performing the conceptual 

categorization process it was necessary to redesign this module. This involved two 

major changes: (i) the modification and update of the category hierarchy function; and 

(ii) the implementation of the conceptual combinations function. Figure 7 shows the 

conceptual categories module when selecting the concept port. Four conceptual 

categories (E-1.3: STRUCTURE, E-4.1: ARTIFICIAL GEOGRAPHIC FEATURE, E-4.2: 

NATURAL GEOGRAPHIC FEATURE, and E-12.1.2: FACILITY) are showcased, as well as the 

buttons for category hierarchy and conceptual combinations. 

 
Figure 7: Conceptual categories module (concept: port). 
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3.2.1 Category hierarchy 

The enhanced conceptual category hierarchy function of this new module contains a 

hierarchically-organized list of all 152 semantic classes (for a full list of the conceptual 

categories, see Appendix A). The members of each category can be accessed by 

clicking on the triangle to the left, enlarging the list to view the more specific 

subcategories (Figure 8). When a category is selected, a new window pops up with all 

the concepts belonging to it. This provides easy access to each entry, its information, 

and its ontologically-interrelated concepts in EcoLexicon (Figure 9). For example, in 

Figure 9 the concepts belonging to the DEFENSE STRUCTURE category are listed 

alphabetically, and clicking on any of them (e.g. cofferdam, dike) would lead 

EcoLexicon to its full entry with all the information. 

 

Figure 8: Category hierarchy function (category: DEFENSE STRUCTURE). 

187

Proceedings of eLex 2019



 

 

 

Figure 9: Category hierarchy function with examples (category: DEFENSE STRUCTURE). 

3.2.2 Conceptual combinations 

In the conceptual combinations function of the new conceptual categories module, 

users can perform a simple or advanced query. Figure 10 shows the query screen and 

the results screen of the simple query “hard structure”. The simple query box can be 

used to perform a proximity search, since it then autocompletes with the available 

concepts as the user writes different letters. As shown in the results screen, the system 

automatically converts the user’s search into a query expression (“hard structure 

[CONCEPT]”) and displays a list of results in EcoLexicon that shows the 

combinatorial potential of the queried concept with other concepts through specific 

semantic relations. These results are, by default, collected under conceptual 

propositions made of conceptual categories (in black) linked through semantic 

relations (in orange). For instance, the fourth result in Figure 10 is listed as “[Defense 

structure] made of [Material]”, but in order to see the specific concepts codified under 

those categories, it is necessary to click on the “+ Show specific results” option (in 

blue) next to this conceptual proposition, and thus the actual results of the query will 

appear: “HARD STRUCTURE made of CONCRETE”, “HARD STRUCTURE made of STEEL”, 

“HARD STRUCTURE made of QUARRY STONE”, etc. 
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Figure 10: Simple query (left side) and results (right side) in the conceptual combinations 

function using the expression “hard structure [CONCEPT]” 

On the other hand, the advanced query presents a series of particularities that allow 

users to perform more complicated searches. As shown in Figure 11, the advanced 

query is based on three elements: (i) concepts; (ii) semantic relations; (iii) conceptual 

categories. By clicking on the orange bubbles next to the “+” symbol, users can add as 

many elements to the query as they want in any order, since this query allows for free 

element combination (e.g. “category + relation”, “concept + relation + category”, 

“category + relation + category”, etc.). Similarly, any element can also be deleted. 

The concept bubble has a free text box to type anything, whilst the semantic relation 

and the conceptual category bubbles display a picklist showing all the relations or 

categories contained in EcoLexicon. However, it is also possible to choose the option 

“ANY” in the semantic relation and conceptual categories bubbles. In fact, displaying 

all the possibilities with a picklist is the simplest way for users to find and choose the 

most suitable option for their query. In addition, each bubble contains “AND” and 

“OR” buttons, which are useful if users want to look for more than one concept, 

relation and/or category found in the same position. 

Figure 12 shows the query screen and the results screen of the advanced query “Water 

movement [CATEGORY] + any [SEMANTIC RELATION] + Natural water body 

[CATEGORY]”. In order to perform this search, users must select the option 

“advanced” next to “Query type”, and this will activate the advanced query box, 

where the user will then create a conceptual category bubble in order to select “Water 

movement”, a semantic relation bubble in order to select “ANY”, and a conceptual 

category bubble in order to select “Natural water body”. As a consequence, this 

expression displays a series of results that include conceptual propositions linking 

concepts belonging to the WATER MOVEMENT category and the NATURAL WATER BODY 

category through any semantic relation. For instance, the first case is the conceptual 

proposition “[Water movement] affects [Natural water body]”, including examples such 

as “FLOOD CURRENT affects BAY”, “TIDE affects TIDAL RIVER”, and “REGRESSION affects 

SEA”.  
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Figure 11: Advanced query in the conceptual combinations function 

 
Figure 12: Advanced query (left side) and results (right side) in the conceptual combinations 

function using the expression “Water movement [CATEGORY] + any [SEMANTIC 
RELATION] + Natural water body [CATEGORY]” 

4. Conclusion 

Contemporary theories of cognition have greatly influenced the most recent 

approaches to linguistics and terminology. Since terms are linguistic units that convey 

conceptual information dependent on the context, they cannot be analyzed in 

isolation, but rather as part of a situated environment where different brain modal 

systems interact. In the specific case of the development of terminological resources, it 

is essential to focus on how concepts are represented and organized in the mind or, in 

other words, on how conceptual information is categorized. 

In addition, the influence of cognition on terminology has led to an enhancement of 

the ontological information displayed in linguistic and terminological resources, since 

it is necessary to portray more accurate representations of concepts and their 

information. Accordingly, more expressive formal ontologies benefit both human and 
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non-human users by facilitating knowledge acquisition and offering a higher degree of 

interoperability, respectively. In this sense, EcoLexicon has experienced a process of 

ontological knowledge enhancement, mainly based on the categorization of its 4,500 

concepts in 152 semantic categories. Thus, these top-down semantic categories 

distributed in up to five categorization levels were established to determine degrees of 

specificity and conceptual similarity, so that every concept could be tagged with a 

category showing its interrelation with other ontologically-related concepts. 

As a result, not only it was possible to improve the structure and organization of the 

environmental knowledge contained in EcoLexicon, but also to offer new conceptual 

applications and functionalities, which benefitted from the ontological information 

that was implemented. Two new features derived from the conceptual categorization 

process were put in place: (i) the ontological view, an optional enhancement to the 

conceptual networks displayed in the general view that shows the combinatorial 

potential of concepts; and (ii) a revised conceptual categories module, including the 

modification and update of the category hierarchy function, and the inclusion of a new 

conceptual combinations function. This last feature is particularly useful for end users, 

since it allows them to perform simple and advanced queries regarding specific 

combinations of conceptual propositions (focusing on concepts, conceptual categories, 

and semantic relations). 

In conclusion, this process of ontological enhancement in EcoLexicon will be useful not 

only for the improvements presented here in relation to the conceptual categories 

module, but also for the development of complementary features, such as the new 

phraseological module. More specifically, this last module would benefit from the 

integration of the category hierarchy into its functionalities, since it would make it 

possible to analyse phraseological units from an ontological approach. 

Further research would require a series of users (experts and non-experts) to assess the 

main ontological features presented in this paper so as to validate their actual 

usefulness. Finally, since the future is based on interoperability among resources, it 

will be necessary to explore how the conceptual categorization can be implemented in 

the resources derived from EcoLexicon: the EcoLexicon corpus and EcoLexiCAT. 

Therefore, we plan to implement category annotation to enrich the EcoLexicon corpus, 

and ontological information derived from the conceptual categories module will be 

displayed in the EcoLexiCAT interface. Future work will also focus on how the 

ontological knowledge in EcoLexicon can be shared with external resources through 

Linked Data (León-Araúz et al., 2011a; León-Araúz et al., 2011b). 
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Appendix A: Full conceptual category hierarchy in EcoLexicon 

A: Attribute 

 A-1: Ability [ex. AUTOTROPHIC, PERMEABILITY, TSUNAMIGENIC] 

 A-2: Direction [ex. DOWNSTREAM, WINDWARD, ONSHORE] 

 A-3: Location [ex. HADOPELAGIC, MESOTIDAL, SUBAQUEOUS] 

 A-4: Measurement [ex. QUANTITY, SPECIFIC HEAT CAPACITY, NUTRIENT CONCENTRATION] 

  A-4.1: Magnitude [ex. ALTITUDE, RADICULAR ZONE DEPTH, AMBIENT TEMPERATURE] 

   A-4.1.1: Level [ex. MAXIMUM FLOW, HIGHEST ASTRONOMICAL TIDE, FREEZING POINT] 

    A-4.1.1.1: Mean [ex. MEAN FLOW, MEAN TIDE LEVEL, AVERAGE PRECIPITATION] 

 A-5: Origin [ex. ARTIFICIAL, AEOLIAN, LITHOLOGIC] 

 A-6: Physical attribute [ex. COLOR, SOIL TEXTURE, XERICITY] 

  A-6.1: Composition [ex. BIOCLASTIC, WOODY, MONOLITHIC] 

  A-6.2: Shape [ex. BACCIFORM, EUHEDRAL, HOOK-SHAPED] 

  A-6.3: Size [ex. BIG, SMALL, GRAIN SIZE] 

  A-6.4: State [ex. CARBONATE EQUILIBRIUM, SLOPE INSTABILITY, UNCONSOLIDATED] 

   A-6.4.1: Climate [ex. BIOCLIMATE, SAVANNA CLIMATE, PERIGLACIALISM] 

 A-7: Time [ex. APERIODIC, SEMIDIURNAL, TEMPORARY] 

E: Entity 

 E-1: Creation [ex. WIND TURBINE GENERATOR SYSTEM, COLLECTOR, SEPTIC SYSTEM] 

  E-1.1: Artifact [ex. CULVERT, DC BUS, STATOSCOPE] 

   E-1.1.1: Conduit [ex. DRAINAGE DITCH, PIPELINE, DUCT] 

   E-1.1.2: Container [ex. CLOUD CHAMBER, SEDIMENTATION TANK, RETENTION BASIN] 

   E-1.1.3: Instrument [ex. CENTRIFUGAL PUMP, FISHING NET, WEATHER SATELLITE] 

      E-1.1.3.1: Measuring instrument [ex. ACCELEROMETER, BAROMETER, SOUNDING MACHINE] 

      E-1.1.3.2: Recording instrument [ex. ALBEDOGRAPH, MARIGRAPH, WATER-LEVEL RECORDER] 

      E-1.1.3.3: Sampling instrument [ex. COLLECTOR, AUTOMATIC SAMPLER, VAN DORN BOTTLE] 

      E-1.1.3.4: Transforming instrument [ex. UPWIND TURBINE, CONVERTER, SOLAR CELL] 

   E-1.1.4: Vehicle [ex. BOAT, DREDGER, ELECTRIC VEHICLE] 

  E-1.2: Software [ex. COMPUTER APPLICATION, CONTOUR GRIDDER, MODFLOW] 

  E-1.3: Structure [ex. SPILLWAY, PIER, ENGINEERING STRUCTURE] 

   E-1.3.1: Building [ex. GEOTHERMAL POWER PLANT, TIDE STATION, OIL REFINERY] 

   E-1.3.2: Defense structure [ex. REEF BREAKWATER, HIGH GROYNE, RETAINING WALL] 

 E-2: Discipline [ex. BIOCLIMATOLOGY, HUMAN ECOLOGY, PHYTOPATHOLOGY] 

 E-3: Force [ex. TRACTIVE FORCE, TECTONIC FORCE, GRAVITY] 

  E-3.1: Dynamics [ex. ATMOSPHERIC DYNAMICS, SLOPE DYNAMICS, COASTAL DYNAMICS] 

  E-3.2: Energy [ex. ELECTRICITY, WIND ENERGY, SOLAR ENERGY] 

  E-3.3: Stress [ex. FRICTION, DYNAMIC PRESSURE, TENSION] 

 E-4: Geographic feature [ex. ENTRY CHANNEL, AQUIFER, BIOME] 

  E-4.1: Artificial geographic feature [ex. GROYNE BAY, QUARRY, PORT] 

   E-4.1.1: Artificial water body [ex. POOL, POND, RESERVOIR] 

  E-4.2: Natural geographic feature [ex. ABYSS, HIGH PLATEAU, BAY] 

   E-4.2.1: Landform [ex. FAN DELTA, RIVER GORGE, EMERGENT COAST] 
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    E-4.2.1.1: Natural water body [ex. SEA CHANNEL, KARST SPRING, LAGOON] 

   E-4.2.2: Landscape [ex. TIDAL SHOAL, MONSOON FOREST, MANGROVE SWAMP] 

 E-5: Human [ex. PORT AUTHORITY, HUMAN BEING, SOCIAL AGENT] 

  E-5.1: Institution [ex. METEOROLOGICAL SERVICE, CITY COUNCIL, PUBLIC INSTITUTION] 

  E-5.2: Specialist [ex. GEOGRAPHER, GEOLOGIST, OCEANOGRAPHER] 

 E-6: Information [ex. PIECE OF DATA, CARTOGRAPHIC INFORMATION, HYDROLOGIC DATA] 

  E-6.1: Classification [ex. CLIMATE CLASSIFICATION, CLADE, URBAN HIERARCHY] 

   E-6.1.1: Scale [ex. BEAUFORT SCALE, STATE-OF-SEA SCALE, SPECTRUM] 

  E-6.2: Document [ex. PLAN, PROTOCOL, TIDE TABLE] 

   E-6.2.1: Law [ex. LEGISLATION, WILDLIFE LAW, PRINCIPLE OF ENVIRONMENTAL LAW] 

  E-6.3: Parameter [ex. STRUCTURAL CRITERION, QUALITY INDICATOR, K FACTOR] 

  E-6.4: Record [ex. BASELINE CARTOGRAPHY, ECHOGRAM, METEOROLOGICAL SERIES] 

  E-6.5: Representation [ex. GEODATABASE, AURORAL OVAL, SOIL PROFILE] 

   E-6.5.1: Graph [ex. ADIABATIC CHART, STRATIGRAPHIC COLUMN, COMPOUND HYDROGRAPH] 

   E-6.5.2: Line [ex. RATING CURVE, ISOHALINE, MERIDIAN] 

   E-6.5.3: Map [ex. NAUTICAL CHART, ORIENTATION MAP, ORTHOPHOTOMAP] 

   E-6.5.4: Mathematical expression [ex. COEFFICIENT, STANDARD DEVIATION, WAVE EQUATION] 

   E-6.5.5: Model [ex. EKMAN SPIRAL, EROSION MODEL, SIMULATION] 

   E-6.5.6: Picture [ex. PHOTOMOSAIC, SATELLITE IMAGE, ORTHOPHOTO] 

   E-6.5.7: Unit [ex. STERADIAN, FARADAY, MILIMETER] 

  E-6.6: Theory [ex. PLATE TECTONICS, EQUILIBRIUM THEORY, STATIONARY WAVE THEORY] 

 E-7: Lifeform [ex. DETRITIVORE, NATIVE SPECIES, ORGANISM] 

  E-7.1: Animal [ex. AMPHIBIAN, LIVESTOCK, CRUSTACEAN] 

  E-7.2: Community [ex. BENTHOS, BIOCENOSIS, BIOLOGICAL COMMUNITY] 

   E-7.2.1: Animal community [ex. STYGOFAUNA, COHORT, ZOOPLANKTON] 

   E-7.2.2: Plant community [ex. PHYTOBENTOS, FLORA, PHYTOPLANKTON] 

  E-7.3: Fungus [ex. BASIDIOMYCOTA, MYCOBIONT, FACULTATIVE PARASITE] 

  E-7.4: Microorganism [ex. BACTERIA, FACULTATIVE AEROBE, ENTERIC VIRUS] 

  E-7.5: Plant [ex. CHAMAEPHYTE, PHYCOBIONT, MANGROVE] 

 E-8: Matter [ex. GREYBODY, ORGANIC MATERIAL, SUBSTANCE] 

  E-8.1: Chemical substance [ex. CARBONIC ACID, ARSENIC, NITROGEN DIOXIDE] 

  E-8.2: Fluid matter [ex. TAR, LAVA FLOW, MUD] 

   E-8.2.1: Fluid astronomical body [ex. HEAVENLY BODY, STAR, SUN] 

   E-8.2.2: Gas [ex. POLAR AIR, EXHAUST GAS, SMOG] 

   E-8.2.3: Water [ex. RUNOFF WATER, DRINKING WATER, RAINWATER] 

    E-8.2.3.1: Cloud [ex. ALTOSTRATUS, STRATOCUMULUS, FRONTAL FOG] 

  E-8.3: Particle [ex. VOLCANIC ASH, INTERLEUKIN, ULTRAFINE PARTICLE] 

  E-8.4: Solid matter [ex. SOLID FUEL, SOLID WASTE, SOLUTE] 

   E-8.4.1: Deposit [ex. ALLUVIUM, SEDIMENT FLOW, AEOLIAN DEPOSIT] 

   E-8.4.2: Material [ex. CEMENT, REINFORCED CONCRETE, SEMICONDUCTOR] 

    E-8.4.2.1: Mineral [ex. ANTHRACITE, COARSE SAND, ZEOLITE] 

    E-8.4.2.2: Rock [ex. LIMESTONE, QUARTZ DIORITE, CLASTIC SEDIMENTARY ROCK] 

    E-8.4.2.3: Soil [ex. LEPTOSOL, MOLLISOL, SATURATED SOIL] 
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   E-8.4.3: Snow/ice [ex. AVALANCHE, SNOWFLAKE, ANCHOR ICE] 

   E-8.4.4: Solid astronomical body [ex. ASTEROID, PLANET, SATELLITE] 

 E-9: Part [ex. DISCARDS, SECTION, STATOR] 

  E-9.1: Part of instrument [ex. ANEMOMETER MAST, WIND TURBINE ROTOR, FLAP] 

  E-9.2: Part of landform [ex. BEACH HEAD, BERM CREST, SOIL PROPERTIES] 

  E-9.3: Part of lifeform [ex. ALLELE, CELL WALL, TISSUE] 

   E-9.3.1: Part of animal [ex. EOSINOPHIL, OTOLITH, VALVE] 

   E-9.3.2: Part of fungus [ex. ASCOSPORE, SPOROCARP, PARAPLECTENCHYMA] 

   E-9.3.3: Part of plant [ex. BRACTEOLE, CHLOROPLAST, DEHISCENT FRUIT] 

  E-9.4: Part of structure [ex. HARBOUR MOUTH, SPILLWAY CREST, GROYNE HEAD] 

  E-9.5: Part of vehicle [ex. GUNWALE, HULL, KEEL] 

  E-9.6: Part of water body [ex. DOWNSTREAM, APHYTAL ZONE, SEA FLOOR] 

 E-10: Path [ex. ROAD, GULLY, VIADUCT] 

  E-10.1: Imaginary path [ex. PLANETARY ORBIT, ECLIPTIC PLANE, EARTH’S ELLIPTIC ORBIT] 

 E-11: Period [ex. LUNAR DAY, AUTUMN, USEFUL LIFE] 

  E-11.1: Era [ex. DEVONIAN, MESOZOIC ERA, PLEISTOCENE EPOCH] 

 E-12: Space [ex. CAPILLARY INTERSTICE, MEDIUM, ECOLOGICAL NICHE] 

  E-12.1: Area [ex. SEDIMENTARY ENVIRONMENT, PROTECTED AREA, ECOREGION] 

   E-12.1.1: Administrative area [ex. CITY, MUNICIPAL BOUNDARY, THE UNITED STATES OF 

AMERICA] 

   E-12.1.2: Facility [ex. BIOMASS POWER PLANT, MEASURING STATION, GAUGING SITE] 

   E-12.1.3: Land [ex. BASIN SLOPE, MEADOW, AREA OF LAND] 

  E-12.2: Layer [ex. ATMOSPHERE, PLANETARY BOUNDARY LAYER, LOWER MANTLE] 

  E-12.3: Limit [ex. WAVE CREST, LIMIT OF UPRUSH, AMPHIDROMIC POINT] 

  E-12.4: Position [ex. BIFURCATION, DEPOCENTER, PERIGEE] 

 E-13: System [ex. DETRITUS FOOD CHAIN, NETWORK, ISOLATED SYSTEM] 

P: Process 

 P-1: Action [ex. BIOLOGICAL ACTION, SPAWNING, ENVIRONMENTAL CRIME] 

  P-1.1: Analysis [ex. SEDIMENTOLOGICAL ANALYSIS, ENVIRONMENTAL IMPACT ASSESSMENT, WEATHER 

FORECAST] 

  P-1.2: Chemical reaction [ex. COMBUSTION, ANABOLISM, DEFLAGRATION] 

  P-1.3: Collection [ex. ENERGY STORAGE, SOIL WATER RETENTION, SAND TRAPPING] 

  P-1.4: Interaction [ex. INTERSPECIFIC COMPETITION, AIR-SEA INTERACTION, ENDOGENIC GEOLOGICAL 

PROCESS] 

  P-1.5: Management [ex. COASTAL MANAGEMENT, SUSTAINABLE WATER USE, WASTE MANAGEMENT] 

  P-1.6: Measurement [ex. STREAM GAUGING, DENSITOMETRY, STOCHASTIC PROCESS] 

  P-1.7: Protection [ex. ABSORB WAVE ENERGY, SOIL CONSERVATION, FLOOD PREVENTION] 

 P-2: Activity [ex. SUBSISTENCE AGRICULTURE, SHIFTING CULTIVATION, FACTORY FARMING] 

 P-3: Addition [ex. TECTONIC ACCRETION, ARTIFICIAL NOURISHMENT, PHOSPHATE FERTILIZATION] 

 P-4: Change [ex. CLIMATE CHANGE, ECOLOGICAL DEGRADATION, ENVIRONMENTAL IMPACT] 

  P-4.1: Change in size/intensity [ex. TIDE ACCELERATION, CYCLOGENESIS, ANTICYCLOLYSIS] 

   P-4.1.1: Decrease [ex. RETARD LITTORAL DRIFT, WAVE SETDOWN, REDUCTION IN LONGSHORE 

TRANSPORT] 
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   P-4.1.2: Increase [ex. SEA LEVEL RISE, ALGAL BLOOM, RISE OF THE WATER TABLE] 

  P-4.2: Change of direction [ex. DEFLECTION, DENSITY STRATIFICATION, SECULAR VARIATION] 

  P-4.3: Change of state [ex. CONDENSATION, SOIL LIQUEFACTION, SOLIDIFICATION] 

  P-4.4: Disease [ex. BRONCHITIS, YELLOW BAND DISEASE, MONILIA DISEASE] 

  P-4.5: Division [ex. CLEAVAGE, DISPERSION, BREAKING DROPS] 

  P-4.6: Transformation [ex. ACIDIFICATION, METAMORPHISM, TERRITORIAL TRANSFORMATION] 

   P-4.6.1: Pollution [ex. ATMOSPHERIC POLLUTION, OZONE POLLUTION, OCEAN DUMPING] 

   P-4.6.2: Restoration [ex. BIOREMEDIATION, ENVIRONMENTAL RECOVERY, REVEGETATION] 

 P-5: Cycle [ex. TIDAL CYCLE, CARBON CYCLE, HYDROLOGIC CYCLE] 

 P-6: Elimination [ex. DEFORESTATION, MASS EXTINCTION, ELIMINATION OF SOLID WASTE] 

 P-7: Emission [ex. PARTICULATE EMISSION, HYDROMAGMATIC ERUPTION, EVAPOTRANSPIRATION] 

 P-8: Formation [ex. BRECCIA FORMATION, ATMOSPHERIC IONIZATION, PRIMARY PRODUCTION] 

 P-9: Loss [ex. COASTAL DEGRADATION, INTERNAL EROSION, MECHANICAL WEATHERING] 

 P-10: Method [ex. AIR LAYERING, HODOGRAPH METHOD, POLYCULTURE] 

 P-11: Movement [ex. DRIFT, OSMOSIS, TRAFFIC] 

  P-11.1: Earth/soil movement [ex. CONTINENTAL DRIFT, SLOPE MOVEMENT, TECTONIC EARTHQUAKE] 

  P-11.2: Energy movement [ex. FORCED CONVECTION, ATMOSPHERIC RADIATION, CLOUD 

ELECTRIFICATION] 

  P-11.3: Fluid movement [ex. CAPILLARITY, LAMINAR FLOW, MAGMA INTRUSION] 

   P-11.3.1: Water movement [ex. COASTAL CIRCULATION, DRIFT CURRENT, GRAVITY FLOW] 

  P-11.4: Transport [ex. TRANSFER, LONGSHORE TRANSPORT, UPWELL] 

  P-11.5: Wave [ex. REGULAR WAVE, ATMOSPHERIC WAVE, PROGRESSIVE WAVE] 

  P-11.6: Wind movement [ex. SEA BREEZE, ANTICYCLONIC CIRCULATION, WARM FRONT] 

 P-12: Phase [ex. KARYOKINESIS, CYTOKINESIS, PRELIMINARY TREATMENT] 

  P-12.1: Phase of cycle [ex. TIDAL STAGE, LITHOGENESIS, OROGENY] 

  P-12.2: Phase of treatment [ex. PRIMARY SEDIMENTATION, THERMOPHILIC DIGESTION, PREAERATION] 

 P-13: Phenomenon [ex. LUNAR ECLIPSE, EXTREME EVENT, ENVIRONMENTAL NOISE] 

  P-13.1: Atmospheric phenomenon [ex. SQUALL, ADVECTIVE THUNDERSTORM, TROPICAL CYCLONE] 

   P-13.1.1: Precipitation [ex. HYDROMETEOR, FREEZING RAIN, CONVECTIVE PRECIPITATION] 

  P-13.2: Optical phenomenon [ex. RAINBOW, AURORAL STORM, LIGHTNING FLASH] 
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