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Abstract. Neurosciences are progressively moving into a mass computational 
intensive era with the fusion of numerous large heterogeneous data sets from 

cellular to system level. To process and share this mass of information in a 

consistent and computational amenable form, computerized techniques – among 
them, ontologies - are currently designed to store, analyze and access this 

information. Recently, we proposed a multi-layered and multi-components 

ontology to deal with MR images and regions-of-interest that can be represented 
onto the images. In the present paper, we extend our initial ontology by adding a 

core ontology of subject data acquisition instruments modeling neuroclinical,

neuropsychological and neurobehavioral tests used for neurological, behavioral 
and cognitive skills assessment. This ontology deals with instruments per se as 

specific artefacts, their variables and measured scores, and actions performed 

using instruments. In the paper, we underline the major aspects of our approach 
and emphasize its potential interest as a semantic reference for various

neuroscience applications.

Keywords. Biomedical ontology, Artefact ontology, Knowledge Representation, 
Neuroscience, Brain

Introduction

Similarly to other biomedical scientists, neuroscientists collect facts, use knowledge 

(what they currently know about these facts) and then make inferences to produce new 

knowledge and facts [4]. As a consequence, there is a crucial need for computerized 

techniques to store, manage, analyze and share this information [1][36]. Alike 

bioinformatics with in silico experiments [33], neuroscience is progressively moving 

into a mass computational intensive era with fusion of various large heterogeneous data 

sets from cellular to system level [23]. These datasets are often disseminated in various 

medical centers and carried out in highly distributed environments such as grids 

[31][36]. Many research groups in various institutions make strong efforts to develop 
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federated and distributed infrastructures for biomedical imaging data [2][14][18]. To 

process the mass of information in a consistent and computational amenable form, 

ontologies have become recently very important in neurosciences [19][34]. The 

prominent effort in this direction is currently done via the Biomedical Informatics 

Research Network (BIRN) which proposes, based on an ontology-based vocabulary 

called BIRNLex a unified representation of the biomedical domains typically used to 

describe neuroscience data [5]. This ontological effort is driven by the OBO (Open 

Biomedical Ontologies) initiative that promotes shared biomedical ontologies[32].

In Neuroscience, imaging plays a central role providing information about brain 

structure and function. Among the different imaging modalities, Magnetic Resonance 

Imaging (MRI) strongly contributes to studying the healthy and the pathological brain, 

from both anatomical and functional perspectives and appears as the cornerstone of 

most cognitive studies [22]. In parallel with MRI images, questionnaires and batteries 

of tests are currently used to assess the neurological state of the subjects as well as their 

cognitive and behavioural performances. All these instruments focus on specific brain 

functions, which rely on specific anatomical structures or pathways, so they can be 

used in diagnosing brain dysfunction or damage and measuring intensity/severity of a 

subject’s trait (e.g. behavioral, personality, psychological, psychopathological) [21].

Such tests and questionnaire-based interviews are complementary to MR images to 

investigate the correlation between measures of brain structure and function, derived 

from MR image analysis, and neurological, cognitive and behavioural traits, 

highlighted by test- and questionnaire-based assessments [9].

Recently, we proposed a multi-layered ontology (named OntoNeuroLOG) to deal 

with MR images and regions-of-interest that can be represented onto the images [34].

In the present paper, we extend our initial ontology by adding a new component to 

model the general characteristics of the neuroclinical, neuropsychological and 

behavioral tests and scores mostly used. To our knowledge, this significant effort 

represents the first attempt to model this kind of data. This core ontology is currently 

specialized for sharing data between four French neuroimaging centres through the 

federated NeuroLOG architecture
2

The paper is organized as follows: in the next section we remind of the most 

generic modules of OntoNeuroLOG onto which our Instrument ontology relies, 

especially the foundational ontology DOLCE

, leading to the conceptualization of specific classes 

of instruments.

3

[17]

and a formal ontology of artefacts 

recently designed . We then detail our main contribution, an ontology of subject 

data acquisition instruments, including instruments per se as specific technical artefacts, 

with their variables and scores associated, and actions performed using an instrument. 

In the Discussion section we underline the major aspects of our approach and 

emphasize in Conclusion its potential interest as a semantic reference for various 

neurosciences applications.

1. Methods: Our ontological reference framework

To define the OntoNeuroLOG ontology, we adopted a multi-layer and multi-

components approach [35]. OntoNeuroLOG is organized into sub-ontologies (modules) 

2
see http://neurolog.polytech.unice.fr/doku.php

3
http://www.loa-cnr.it/DOLCE.html
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with different levels of abstraction. Schematically, three levels can be identified: at the 

most abstract level, the foundational DOLCE ontology [24] provides a set of abstract 

concepts (e.g. physical object, event, quality) and relations (e.g. parthood, constitution)

for structuring (by specialization) any type of domain. At this level, DOLCE is 

supplemented by a few ontologies such as a formal ontology of artefacts [17]. At an 

intermediate level, “core” domain ontologies [12] define generic and central concepts 

in various domains such as medical images [34] or programs and software [20]. Lastly, 

at the most specific level, the previously mentioned ontologies are then specialized to 

define more specific concepts in the field of neuroimaging and image processing tools, 

respectively.

We adopt two different modeling languages for specifying our ontologies. At a 

developmental stage, modeling choices are specified – in the context of OntoSpec 

methodology [16] – by means of a semi-informal language which is semantically rich 

and includes temporally-indexed relations and meta-properties of the OntoClean 

methodology [13]. At run-time, the ontologies are encoded in a dialect of OWL –

OWL-Lite augmented with rules – which is semantically much poorer than the former 

but allows for effective automatic inferences (the semantic search engine Corese [8] is 

currently used within the NeuroLOG project).

The new ontology of subject data acquisition instruments is situated at the 

intermediate level of core ontologies. Its definition relies on abstract primitives 

provided by generic ontologies (a list of these modules is presented in Table 1). 

Furthermore, it is used to model classes of specialized instruments (e.g. neuroclinical 

and neuropsychological instruments) which correspond to “domain” ontologies. 

In the following part of this section, we remind of the main structuring principles 

and concepts provided by the modules of Table 1. 

Table 1. Domains covered by most generic modules composing OntoNeuroLOG, along with the location of 

their OntoSpec manifestation (prefix=http://www.laria.u-picardie.fr/IC/Site/IMG/pdf)

Module domains Location of OntoSpec 

manifestation

Particular Endurant, perdurant, quality, 

abstract

prefix/Particular-OS.pdf

Action Deliberate action, intentional 

action, physical action, 
conceptual action

prefix/Action-OS.pdf

Participant role Agent, substrate, consequent, 

result, instrument

prefix/Participant-role-OS.pdf

Function & artefact Artificial object, functional 

object, artefact, technical 

artifact, social artefact

prefix/Function-artefact-OS.pdf

Inscription & Expression & 

Conceptualization

Support, inscription, Linguistic 

expression,  concept, proposition

prefix/Inscription-OS.pdf

1.1 DOLCE

DOLCE’s domain is that of Particulars
4

4
With respect to our notation, the informal labels on DOLCE’s categories appear in the text in the 

Courrier new font with First Capital Letters for the concepts and a javaLikeNotation

for relations. The same conventions apply for all the ontologies presented in the paper.

, that is to say entities that cannot be 

instantiated (e.g. “my car”) rather than universals (e.g. “being a car”). Four sub-

domains of Particulars are distinguished (see Fig. 1):
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Endurants are entities “enduring in time”
5

Perdurants are entities “occurring in time” (e.g. your reading of this article) 

in which Endurants temporarily participate.

. Within Endurants, Physical

Objects (e.g. a printed copy of an article) are distinguished from Non-

Physical Objects (e.g. the contents of this article), this distinction 

corresponding to a difference between two realities or modes of existence for 

the entities. Basically, Non-Physical Objects exist insofar as agents speak 

about them. The domain of Non-Physical Objects covers entities whose 

existence depends on either an individual (for Mental Objects) or a 

community of agents (for Social Objects).

Endurants and Perdurants have Qualities that we perceive and/or 

measure (e.g. the weight of the printed copy of an article, the time it takes for 

you to read this article). Note that these Qualities are inherent to the entity 

that bears them, since they are characteristic for it and they are present 

throughout the course of the entity’s existence.

Qualities take “values”, called Quales (e.g. 25 grams, 20 minutes) within 

quality region spaces.

Figure 1. An excerpt of DOLCE’s hierarchy of concepts. A solid line between two concepts represents a 

direct subsumption link. A dashed line reflects the existence of intermediate concepts. A line between two 
lines indicates that sibling concepts are incompatible

As a complement to DOLCE, our “Participation role” module specializes the 

participation relation to account for specific ways in which Endurants

temporally participate in Perdurants (e.g. isAgentOfAt, isInstrumentOfAt,

isResultOfAt) and such relations, in turn, are used to define participation roles

specializing the concept Endurant (e.g. Agent, Instrument, Result).

Within the domain of Perdurants, Actions have been informally introduced 

into DOLCE-Lite-Plus as Accomplishments that “exemplify the intentionality of an 

agent” [24]. With the aim of conceptualizing the notion of artefact and subsequently 

the notion of subject data acquisition instrument, we introduced two specializations of 

these Actions. These specializations rely on a distinction between two kinds of 

intentions.

Following on from Searle [30], contemporary philosophers distinguish between 

two overall kinds of intention – a “prior intention” and “intention-in-action”, to borrow 

5
Due to space limitations, we are only able to provide a very brief characterization of DOLCE’s 

categories and we limit ourselves to categories of use in our ontology of instruments. 

B. Batrancourt et al. / A Core Ontology of Instruments Used for Assessments188



Searle’s terms – which differ according to their temporality, role and content [27]. A 

prior intention consists in planning an action (prior to the realization of the action) and 

then rationally controlling the action. It relies on a conceptual representation of the type 

of action to be performed, comprising an objective (i.e. a goal) and, optionally, a means 

of achieving it (i.e. a plan). Once the action has been initiated, the intention-in-action

consists in the continuous guidance and control of the initiated action by relying on a 

descriptive, context-sensitive representation of the said action.

Taking into account current knowledge on the phenomenology of actions [28], we 

first assimilate Actions to processes controlled by an intention (intention-in-action 

and/or prior intention); these contrast with Happenings which lack an intentional 

cause. We then introduce two specializations of Actions. Firstly, Deliberate 

Actions are initiated by a prior intention comprising a conceptual representation of 

the intended goal. Secondly, within Deliberate Actions, Successful Actions

are carried out to completion and lead to their intended result.

1.2 I&DA

I&DA is a core ontology in the domain of information content entities and their 

physical materialization that was initially built for classifying documents by their 

contents [11]. I&DA extends DOLCE by introducing three main types of entities (see 

Fig. 2):

Inscriptions (e.g. printed texts) are knowledge forms materialized by a 

substance (e.g. ink) and inscribed on a physical support (e.g. a sheet of paper, 

a hard disk). The peculiarity of these Physical Endurants lies in their 

intentional nature: Inscriptions count as other entities, Expressions.

Expressions (e.g. texts, logical formulae) are non-physical knowledge 

forms ordered by a communication language. Inscriptions realize 

Expressions and, like Inscriptions, Expressions are intentional 

entities conveying contents for agents.

Conceptualizations consist of the ultimate means by which agents can 

reason about a world. Two kinds of Conceptualizations are distinguished: 

Propositions, as a means of describing a state of affairs; and Concepts, as 

a means to classify entities. Note that, as for the practical semiotics introduced 

in the ontology SUMO [29], Propositions may encompass the content 

expressed by sentences, theories, books, and even libraries.

Figure 2. An excerpt of I&DA’s hierarchy of concepts
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We are going to see (in Section 3) that Propositions and Concepts correspond 

to the intrinsic nature of our instruments. Before that, we extend DOLCE in another 

way to account for the intentional nature of these instruments and their function.

1.3 Artefacts

The notion of artefact that we adopt elaborates on the common philosophical notion of 

an “entity intentionally made or produced for some reason” [15]. Analyzing the notions 

of intention and reason, this leads us to identify different classes of entities we find 

important to clearly distinguish and define [17] (see Fig. 3):

Firstly, we contrast entities resulting from an action of production 

(Producing Consequents) with entities that are not intentionally produced 

(Happening Consequents). Among the latter figure Experimental

Artefacts (which are unwanted results).

Secondly, according to whether the intention of production is a prior intention 

or not, Artefacts are distinguished from Non-Targeted Objects (the 

latter result from Non-Deliberate Actions of production, e.g. routines).

Thirdly, different kinds of reasons for producing Artefacts (hence different 

kinds of Artefacts) are considered: (i) conveying an emotion and being of 

aesthetic interest, for works of art, (ii) enabling their author (or another agent) 

to do something, for “functional” or Technical Artefacts. The latter are 

Artefacts to which a Function is ascribed, taking a Function to be an 

“acknowledged capacity to enable the realization of a kind of action” [17].

It is important to note that DOLCE’s distinction between Physical and Non-

Physical Objects transcends the domain of Artefacts. Indeed, the latter are 

defined by the origin of their existence (i.e. their intentional production) rather than a 

mode of existence. This difference explains why we are able to distinguish between 

physical artefacts (e.g. an oscilloscope, an image acquisition equipment) and non-

physical artefacts (e.g. the content of an article, a subject data acquisition instrument).

To sum up, Technical Artefacts have – at least – a triple nature as entities (i) 

possessing an internal essence (be it physical, social or cognitive), (ii) having been 

intentionally (and successfully) produced, and (iii) having necessarily a Function.

Figure 3. Core taxonomy of artefacts
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With the modules presented in this section in hand, we now have at our disposal a 

minimal set of conceptual primitives which enables us to tackle the modeling of the 

domain of neurological, neuropsychological and behavioral instruments.

2. Our core ontology of instruments

In the core ontology we propose, instruments per se are considered as specific technical

artefacts, with their own variables and scores associated, and actions performed using 

an instrument as specific conceptual actions.

2.1. Instrument-based assessments

An Instrument-Based Assessment action corresponds to an administration of an 

instrument or a ‘testing’ (to use the term recommended by [7]). The conceptualization 

of this action plays a pivotal role, linking together a large number of entities (cf. Fig. 

4): a Healthcare Professional (for instance clinical neuropsychologist or 

neurologist), as Agent; the Subject about whom data are acquired and, more widely, 

the context in which this acquisition is performed (i.e. an Examination within a 

Study); the used instrument prescribing which data are to be acquired and how; results 

obtained following questions raised and/or tests performed.

These actions commonly take two forms according to whether they solicit an 

authentic production from the Subject (e.g., a reflex, a performance such as drawing, 

or a 500-meter walk), for Test-Based Assessments, or they consist in an interview, 

an inventory, for Questionnaire-Based Assessments. Assessments are then 

specialized according to the type of acquired data (e.g., psychological, behavioral, 

neuroclinical), mirroring in part the instruments taxonomy (cf. Fig. 5). The raison 

d’être of this specialization is to take into account specifications of the evidence of 

competence (knowledge, skills, abilities, specialties) that would be expected from 

someone seeking qualification as a test user.

Figure 4. Taxonomy of Instrument-based assessments.
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2.2. Subject data acquisition instruments

The instruments used to evaluate the state of subjects clearly are technical artefacts. For 

their conceptualization, we follow our theory of the threefold nature of technical

artefacts [17]. This prompts to describe them as being:

Intangible artefacts, i.e. propositional contents including “clearly defined 

methods and instructions for administration or responding, a standard format 

for data collection, and well-documented methods for scoring, analysis, and 

interpretation of results” [6].

Technical artefacts allowing to explore entities related to the state of the 

subject – these categories of entities correspond to the Domain(s) of the 

instrument.

Social artefacts intentionally created, adopted for use, then adapted and 

maintained by a community ascribing them the status of standard.

As the definition adopted from [6] indicates, we are faced to complex propositional 

contents. As an illustration of this complexity, some Instruments are explicitly

composed of Sub-instruments exploring sub- or related domains (see Fig. 5). For 

example, to explore the multidimensional aspect of memory, the General Memory 

Index of the Wechlser Memory Scale-III (WMS-III) - a composite instrument designed 

to explore several memory abilities - is based on the delayed recall performances 

of several core “memory” tests, like the Visual Memory Test or the Verbal Memory

Test [37]. Such a composition is also found for Instruments which assess a restricted 

set of cognitive functions. For example, the Mini-Mental State (MMS) [10], which is 

probably the most widely used instrument for dementia [21], is structured according to 

a set of several items such as the MMS Orientation Test, the MMS Registration Test or 

the MMS Language Tests. Moreover the MMS Language Tests consist of several items 

such as the MMS Oral Order Language Test or the MMS Written Order Language Test.

This indicates that even an Instrument which addresses a relatively small domain 

may be structurally complex. Such a structure is important to model because, according 

to the context, only some parts of an instrument may be administrated. 

The effects of brain disorders being rarely confined to a single behavioral 

dimension or functional system [21], Instrument-Based Assessments focus on

different issues: neurological disorders (e.g. weakness, stiffness or visual impairments), 

cognitive impairments (e.g. aphasia, failure of judgment, lapse of memory), and other 

behavioral disorders (e.g. personality change, reduced mental efficiency or depression). 

Functionally, Instruments explore entities (their Domain(s)) which are of different 

ontological nature (e.g., states, abilities, cognitive functions, behaviors). For instance 

the memory is a cognitive function, while the depression is a Subject's pathological 

state. Moreover, an Instrument can be designed to explore one or several domains

(Mono-domain vs Multi-domain Instrument). Generally, the goal with a 

Multi-domain Instrument is to integrate into one index the scores obtained by the 

patient while exploring different dimensions or functional systems. For instance, the 

MMS, which addresses the Global Cognitive efficiency, tries to obtain a global 

measure while exploring a whole set of domains: orientation, calculation, language, 

memory, praxia. Formally, a Domain is modeled as an individual concept which 

classifies classes of entities.
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Figure 5. Taxonomy of Subject data acquisition instruments.

2.3. Instrument variables

Instrument variables are themselves Subject data acquisition 

artefacts. They carry two fundamental characteristics of the related instrument. First, 

they define what is being explored and measured using this instrument, represented by 

an explored Domain and a measured Quality, respectively. A distinction is introduced 

between Main variables, which explore the same Domain as the related instrument 

(i.e. same cognitive function or trait of the subject), and Secondary variables,

which provide complementary information.  Variables may also be categorized as 

Sex dependent variables, Age dependent variables, and Cultural skill 

dependent variables. When, for a variable, a typical value from a population of 

reference is available, the measured value can be standardized and stored in the 

corresponding score associated to the variable. 

Second, Instrument variables define the range of allowed score values, with 

a basic distinction between Coded variables, which register Coded scores, and 

Numerical variables that register Numerical scores. The former are associated 

to a set of allowed Coded variable values, which are parts of the definition of the 

instrument. The latter, Numerical variables, can take any value in a certain range 

(which may be specified using min and max values). For instance, the MMS 

Calculation variable is a Numerical variable belonging to the range [0;5]. The

Pessimistic thoughts variable of the Montgomery-Asberg Depression Rating Scale 

(MADRS) [26] is a Coded variable with the following Coded variable values

{0 = ‘No pessimistic thoughts’, 2 = ‘Fluctuating ideas of failure, self-reproach or self-

depreciation’, 3 = ‘Persistent self-accusation, or definite but still rational ideas of guilt 

or sin. Increasingly pessimistic about the future’, 6 = ‘Delusions of ruin, remorse or 

irredeemable sin. Self-accusations, which are absurd and unshakable’}. Values are

Propositions denoting, e.g., that “the subject has no pessimistic thoughts as 

measured by the MADRS Pessimistic thoughts variable”. In the latter proposition, the 

term ‘subject’ does not refer to a particular individual, but to an abstract Subject.
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Figure 6. Taxonomy of Instrument variables.

2.4. Scores

Scores are Propositions that result from the recording of a particular Subject’s 

cognitive performance (e.g. calculation performance) or a particular Subject's trait 

intensity (e.g. pessimistic thoughts intensity) during a particular Instrument-

based assessment, in relation to a particular Instrument Variable. For 

instance a Score may correspond to the following propositions: "During one MMS 

Calculation assessment, Patient X’s Calculation performance is equal to 4 as 

measured by such MMS Calculation variable" or "During one MADRS assessment,

Patient X has no pessimistic thoughts as measured by the MADRS Pessimistic thoughts 

variable".

Scores are divided into Coded scores and Numerical scores. Coded

scores specialize the Coded variable values allowed for a particular Coded

variable by referring to a particular Subject.

Numerical scores are further categorized as Raw scores, Corrected

scores and Standardized scores depending whether they result of the direct 

registering of the subject’s performance, or result of some correction or standardization 

of such raw scores. One also distinguishes between Scores with (respectively 

without) unit of measure.

Figure 7. Taxonomy of Scores.
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2.5. Codes

We have seen that Variable values and Scores are Propositions. To help 

synthesize these values and offer calculus facilities, these Propositions are usually 

coded. Let’s take, for instance, the Beck Depression Inventory (BDI-III) [3], one of the 

most widely used instruments for measuring the severity of depression. One of its 

variables measures the sleeping dimension with values such as: “The patient sleeps 

somewhat more than usual” or “The patient sleeps most of the day”. These 

Propositions are both qualitatively coded (by the respective Qualitative Score 

codes: ‘Minimal’ and ‘Severe’) and quantitatively coded (by the respective 

Quantitative Score codes: ‘1a’ and ‘3a’). The latter Codes refer to a number 

(resp. 1 and 3), therefore enabling applying order relationships.

Figure 8. Taxonomy of Score codes.

3. Discussion

A central quest in current neuroscience is the understanding of relations, under 

normal or pathological conditions, between brain anatomy and brain function. Brain 

functions can be mainly explored by neuroimaging, such as functional MRI, and 

neuropsychology, when concerned with the behavioral expression of brain functions 

[19]. One of our goal, with the construction of the proposed core ontology, was to 

define a model supporting the investigation of correlations between MRI based 

findings and neuroclinical, behavioural and neuropsychological based findings. The 

latter can be assessed by scores, which register the subject’s task ability, cognitive 

performance or trait intensity. These correlations will be investigated in mining a large 

collection of data via a federation of heterogeneous and distributed databases 

(NeuroLOG project). For instance in Alzheimer's disease (AD), Gray Matter (GM) loss 

in the temporal regions lobes seems correlated with a decrease in Global Cognitive 

Efficiency (GCE) score. The two widely used instruments to examine the cognitive 

changes that characterize AD are the Mini Mental State (MMS) and the Mattis 

Dementia Rating Scale (MDRS) [25]. Indeed, MMS and MDRS are multi-domains 

instruments because their sub-instruments screen a large set of cognitive skills:

attention, orientation, calculation, language, memory, praxia. The MMS and MDRS

main variables register a total score which is based on the scores obtained during each 

of their sub-instrument assessments. Depending on the clinicians habits or the context 

of the assessment, MMS or MDRS is considered to define the subject’s GCE. 

NeuroLOG’s platform allows to search for: "all patients with a low GCE and with T1-

weigthed images presenting a GM loss temporal lobes ". Firstly, our core ontology

allows (i) to retrieve all the Instruments (and their Main variables) that explore 

the Domain: Global Cognitive Efficiency, and (ii) to scan the entire set of related 

B. Batrancourt et al. / A Core Ontology of Instruments Used for Assessments 195



Scores, while filtering those which have a value less than a cut-off value (the latter is 

provided by the user and is Instrument and research study dependent). Secondly,

images of the patient are retrieved and a specific computational anatomy pipeline is 

processed to quantify the possible GM volume loss in temporal lobes in the selected 

images.

The definition of the present core ontology was based on the detailed examination 

of the common instruments routinely used in three neurology hospital departments in 

France. We consider this set of instruments as representative of the minimal core that 

core ontology should support via dedicated sub-ontologies.

Two important modeling choices should be emphasized. The first one concerns the 

conceptualization of Instruments and the fact that we chose to model specific 

standard Instruments (e.g. MMS, WMS-III) as classes and not instances. The reason 

is that, in some centers, administered Instruments do not strictly conform to the 

defined standard. To account for these variations, local Instruments are modeled as 

instances of classes, with the latter representing shared properties of standard 

Instruments. Such properties correspond to structural and functional properties 

presented in Section 2.2. As a consequence, our core ontology is specialized by sub-

ontologies, each accounting for a specific Instrument. In some cases, however, 

variations become so important that this modeling is no longer adequate. A new 

standard is then built as a version of a previous one. Such a versioning relation is 

introduced between the two standards so that we can maintain the class/instances 

representation. The second modeling choice concerns the distinction between 

Variable values and Scores. As we have seen, the former are modeled as 

Propositions (referring to an abstract Subject) which pertain to the definition of 

Instrument, whereas the latter (referring to a particular Subject) are the result of 

an Assessment. We therefore have two different propositional contents which are 

linked by a specialization relation (thanks to this relation, information about Score 

codes is only attached to Variable values). It is important to note that Scores are 

moreover characteristic of Assessments (i.e. two Assessments do not share the 

same Score). This choice enlarges our model with a greater number of instances. 

However, when requesting to a given a Score, we directly obtain its specific context 

(Subject, Examination and Study).

4. Conclusion and perspectives

In this paper, we have proposed a core ontology of instruments which builds upon a 

conceptual framework comprising the foundational ontology DOLCE and a recently 

designed ontology of artefacts. Thanks to this building approach and the possibilities of 

mapping it offers with other biomedical ontologies (such as those based on BFO
6

Before it can be used, our core ontology must be complemented with ontologies 

modeling the actually shared Instruments (more precisely the common properties of 

shared Instruments, as stressed earlier). This work is in progress. Once these 

ontologies available, the next step will consist in aligning the different Instruments’

), we

would like to stress its potential interest as a semantic reference for various 

neurosciences applications.

6
http://www.ifomis.org/bfo
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instantiations (at the different clinical sites) to a common reference, thanks to the 

mediator used in the NeuroLOG system (Data Federator, SAP). This will enable to 

query the actual Subjects’ Scores and to correlate such Scores with image findings, 

which is what the end-users are primarily interested in. A current limitation of our 

conceptualization of Instruments lies in our preliminary description of the Domains

and Qualities respectively explored and measured by Instrument variables.

Such Domains and Qualities are modeled as independent concepts, which strongly 

limits the kind of reasoning that can applied. Our intention is to define ontologies of 

brain functions and states, as well as ontologies of the Qualities that may be 

measured during Instrument-based assessments, that will certainly lead to 

enhanced querying and reasoning capabilities.

Acknowledgements

This work is funded by the French national research agency (ANR), NeuroLOG

project, under contract number ANR-06-TLOG-024. 

References

[1] G.A. Ascoli, Mobilizing the base of neuroscience data: the case of neuronal morphologies, Nature
Reviews Neuroscience 7 (2006), 318-24.

[2] C. Barillot, H. Benali, M. Dojat, A. Gaignard, B. Gibaud, S. Kinkingnéhun, J. Matsumoto, M. Pélégrini,

E. Simon, L. Temal, Federating Distributed and Heterogeneous Information Sources in Neuroimaging: 
The NeuroBase Project., In: V. Hernández, I. Blanquer, T. Solomonides, V. Breton and Y. Legré, eds., 

Studies in Health Technology and Informatics: Challenges and Opportunities of HealthGrids, IOS 

Press, 2006, pp. 3-13.
[3] A.T. Beck, R.A. Steer, G.K. Brown, Manual for Beck Depression Inventory II (BDI-II), San Antonio, TX, 

Psychology Corporation, 1996.

[4] O. Bodenreider, R. Stevens, Bio-ontologies: current trends and future directions, Briefings in 
Bioinformatics 7 (2006), 256-74.

[5] W.J. Bug, G.A. Ascoli, J.S. Grethe, A. Gupta, C. Fennema-Notestine, A.R. Laird, S.D. Larson, D. Rubin, 

G.M. Shepherd, J.A. Turner, M.E. Martone, The NIFSTD and BIRNLex Vocabularies: Building 
Comprehensive Ontologies for Neuroscience, Neuroinformatics 6(3) (2008), 175-194.

[6] CDISC (Clinical Data Interchange Standards Consortium), CDISC Clinical Research Glossary Version 

7.0, Applied Clinical Trials (2008), 12-58. Available 
at: ://www.cdisc.org/glossary/CDISC2008GlossaryVersion7.0.pdf

[7] CPTA (Committee on Psychological Tests and Assessment; American Psychological Association), 
Recent Developments Affecting the Disclosure of Test Data and Materials: Comments Regarding the 

1996 Statement on the Disclosure of Test Data, 2007. Available at: ://www.apa.org/science/test-

disclosure-statement.pdf
[8] O. Corby, R. Dieng-Kuntz, C. Faron-Zucker, Querying the Semantic Web with Corese Search Engine. 

In: Proceedings of the 15th ECAI/PAIS, Valencia, Spain, 2004.

[9] A.C. Evans, Brain Development Cooperative Group, The NIH MRI study of normal brain development, 
NeuroImage 30 (2006), 184-202.

[10] M.F. Folstein, S.E. Folstein, P.R. McHugh, Mini Mental State, Journal of Psychiatric Research 12

(1975), 189-198
[11] J.Y. Fortier, G. Kassel, Managing knowledge at the information level: an ontological approach, In: Proc. 

of the ECAI’2004 workshop on knowledge management and organizational memories, Valencia 

(Spain) (2004), pp. 39-45.
[12] A. Gangemi, S. Borgo (Eds.), Proceedings of the EKAW’04 Workshop on Core Ontologies in Ontology 

Engineering, Northamptonshire (UK), 2004, available at ://ceur-ws.org (Vol-118).

[13] N. Guarino, C. Welty, An Overview of OntoClean. In: S. Staab, R. Studer (eds.), Handbook on 
Ontologies, Springer Verlag, 2004, pp. 151-171.

B. Batrancourt et al. / A Core Ontology of Instruments Used for Assessments 197

http://www.cdisc.org/glossary/CDISC2008GlossaryVersion7.0.pdf�
http://www.apa.org/science/test-disclosure-statement.pdf�
http://www.apa.org/science/test-disclosure-statement.pdf�
http://ceur-ws.org/�


[14] U. Hasson, J.L. Skipper, M.J. Wilde, H.C. Nusbaum, S.L. Small, Improving the analysis, storage and 
sharing of neuroimaging data using relational databases and distributed computing, Neuroimage 39(2),

(2008), 21:21.

[15] R. Hilpinen, Artifact. Stanford Encyclopedia of Philosophy, 2004, available 
at: ://plato.stanford.edu/entries/artifact/.

[16] G. Kassel, Integration of the DOLCE top-level ontology into the OntoSpec methodology, LaRIA 

Research Report 2005-08, 2005, available at: ://hal.ccsd.cnrs.fr/ccsd-00012203.
[17] G. Kassel, A formal ontology of artefacts, Applied Ontology (to appear).

[18] D.B. Keator, J.S. Grethe, D. Marcus, B. Ozyurt, S. Gadde, S. Murphy, S. Pieper, D. Greve, R. Notestine,

H.J. Bockholt, P. Papadopoulos, BIRN Function, BIRN Morphometry, BIRN-Coordinating, A national 
human neuroimaging collaboratory enabled by the Biomedical Informatics Research Network (BIRN), 

IEEE Trans Inf Technol Biomed 12 (2008), 162-72.

[19] A.R. Laird, J.L. Lancaster, P.T. Fox, Lost in localization? The focus is meta-analysis, NeuroImage
48(1) 2009, 18-20.

[20] P. Lando, A. Lapujade, G. Kassel, F. Fürst, An ontological investigation in the field of computer 
programs, In J. Filipe et al., eds.: ICSOFT/ENASE 2007, Software and Data Technologies,

Communications in Computer and Information Science, Springer-Verlag Berlin Heidelberg, 2008, vol. 

22, pp. 371-383.
[21] M.D. Lezak, D.B. Howieson, D. W. Loring, H.J. Hannay, J.S. Fischer, Neuropsychological Assessment, 

Oxford University Press, 2004.

[22] N.K. Logothetis, What we can do and what we cannot do with fMRI, Nature 453 (2008), 869-78.
[23] M.E. Martone, A. Gupta, M.H. Ellisman, E-neuroscience: challenges and triumphs in integrating 

distributed data from molecules to brains, Nat Neurosci. 7(5) (2004), 467-72.

[24] C. Masolo, S. Borgo, A. Gangemi, N. Guarino, A. Oltramari, L. Schneider, The WonderWeb Library of 
Foundational Ontologies and the DOLCE ontology. WonderWeb Deliverable D18, Final Report, vr. 1.0, 

(2003).

[25] S. Mattis, Mental status examination for organic mental syndrome in the elderly patient, in Geriatric 
Psychiatry. Edited by Bellack R, Karasu B. New York, Grune & Stratton, (1976), pp 77-121.

[26] S.A. Montgomery, M. Asberg, A new depression scale designed to be sensitive to change, British 

Journal of Psychiatry 134 (1979), 382-89.
[27] E. Pacherie, The content of intentions, Mind and Language 15 (2000), 400-432.

[28] E. Pacherie, The phenomenology of action: A conceptual framework, Cognition 107 (2008), 179-217.

[29] A. Pease, I. Niles, Practical Semiotics: A Formal Theory, Proc. of the International Conference on 
Information and Knowledge Engineering (IKE’02), (2002).

[30] J.R. Searle, Intentionality. Cambridge University Press, 1983.

[31] S.L. Small, M. Wilde, S. Kenny, M. Andric, U. Hasson, Database-managed grid-enabled analysis of 
neuroimaging data: the CNARI framework, Int J Psychophysiol. 73 (2009), 62-72.

[32] B. Smith, M. Ashburner, C. Rosse, J. Bard, W. Bug, W. Ceusters, L.J. Goldberg, K. Eilbeck, A. Ireland,

C.J. Mungall, N. Leontis, P. Rocca-Serra, A. Ruttenberg, S.A. Sansone, R.H. Scheuermann, N. Shah,
P.L. Whetzel, S. Lewis, The OBO Foundry: coordinated evolution of ontologies to support biomedical 

data integration, Nat Biotechnol. 25 (2007), 1251-1255.

[33] R. Stevens, M. Egana Aranguren, K. Wolstencroft, U. Sattler, N. Drummond, M. Horridge, A. Rector, 
Using OWL to model biological knowledge, International Journal of Human - Computer Studies 67

(2007), 583-94.

[34] L. Temal, M. Dojat, G. Kassel, B. Gibaud, Towards an ontology for sharing medical images and 
regions of interest in neuroimaging, Journal of Biomedical Informatics 41 (2008), 766-778.

[35] L. Temal, P. Lando, B. Gibaud, M. Dojat, G. Kassel, A. Lapujade, OntoNeuroBase: a multi-layered 

application ontology in neuroimaging, Proc. of the 2nd Workshop: Formal Ontologies Meet Industry 
(FOMI 2006), (2006), pp. 3-15.

[36] J.D. Van Horn, A.W.Toga, Multisite neuroimaging trials, Curr. Opinion Neurol. 22(4) (2009), 370-378.

[37] D. Wechsler, Weschsler Adult Intelligence Scale-III. San Antonio, TX: The Psychological Corporation, 
1997.

B. Batrancourt et al. / A Core Ontology of Instruments Used for Assessments198

http://plato.stanford.edu/entries/artifact/�
http://hal.ccsd.cnrs.fr/ccsd-00012203�

	Introduction
	Methods: Our ontological reference framework
	Our core ontology of instruments
	Instrument-based assessments
	Subject data acquisition instruments
	Instrument variables
	Scores
	Codes

	Discussion
	Conclusion and perspectives
	Acknowledgements
	References

