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Abstract.  This paper proposes a hybrid collaborative methodology for creating a unified Cancer Chemoprevention Semantic 
Model that formally defines the fundamental entities used for annotating and describing inter-connected cancer chemopreven-
tion related data and knowledge resources on the Web. This model is meant to offer a single interface for biomedical experts 
to search and retrieve linked cancer chemoprevention related data and Web resources. The model relies on widely known and 
adopted biomedical standards to represent: i) concepts from the literature, ii) facts and resources relevant for cancer preven-
tion, iii) collections of experimental data, procedures and protocols and iv) concepts to facilitate the representation of results 
related to virtual screening of chemopreventive agents. The proposed methodology for the development of our model fol-
lowed a “meet-in-the-middle” approach: on the one hand the concepts emerged in a bottom-up fashion from analyzing the 
domain and interviewing the domain experts regarding their data needs; on the other hand, it followed a top-down approach 
whereby existing ontologies and models were analyzed and integrated with the model. The identified elements were then fed 
to a multiphase abstraction exercise in order to get the concepts of the model. Finally, we present a thorough evaluation of the 
model based on the feedback received from the domain experts. 
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1. Introduction and motivation 

Cancer chemoprevention is defined as the use of 
natural, synthetic, or biologic chemical agents to re-
verse, suppress, or prevent the carcinogenic progres-
sion to invasive cancer [1]. It is considered as one of 
the most promising areas in current cancer research 
[2]. Data relevant to cancer chemoprevention is typi-
cally spread across a very large number of heteroge-
neous data sources, including ontologies, knowledge 
bases, databases with experimental results and publi-
cations.  

As part of this work, we have analyzed approxi-
mately 70 biomedical data sources. We observed that 
most of them make use of different underlying sche-

mas for knowledge representation. Although many of 
these employ semantically related conceptual ele-
ments with similar properties, they often use different 
identifiers and descriptions (e.g. “protocol” vs. “trial 
protocol”) and data structures. These semantic in-
compatibilities hamper the uniform search across 
different sources as well as the integration of differ-
ent data sources. They also increase the learning 
curve for the users, as users have to get accustomed 
to the specific vocabulary of every source, thus im-
peding the reuse of open bio-data. 

The vocabularies, ontologies and reference data 
found in the literature are generic enough and do not 
fully cover the peculiarities of cancer chemopreven-
tion. For example, the Experimental Factor Ontology 
(EFO) [3] and the Ontology for Biomedical Investi-
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gations (OBI) [4] cover aspects related to the bio-
medical experiments but they do not connect the ex-
periments to cancer chemoprevention processes. 
Moreover, the Gene Ontology (GO) [5] and BioPax 
[6] aim at standardizing the representation of genes 
and pathways, but they do not relate them with the 
chemoprevention action of an agent.  

Therefore, a model that reuses and extends exist-
ing models, and interconnects biomedical data 
sources to facilitate the discovery of cancer-
chemoprevention-related data is required.  

In this vein, this work introduces a hybrid, collab-
orative methodology for creating the Cancer Chemo-
prevention Semantic Model (CanCO) that is designed 
to serve as a common model for the semantic annota-
tion, sharing and interconnection of globally availa-
ble cancer-chemoprevention-related resources. 
CanCO facilitates the delivery of machine-
interpretable information regarding their structure 
and content, supporting the on demand discovery of 
published cancer chemoprevention related data.  

CanCO provides a single interface for biomedical 
experts (i.e. biomedical researchers, biologists, clini-
cians, bioinformaticians and doctors) to search and 
retrieve linked cancer chemoprevention data and re-
sources (Fig. 1). 

 
Fig. 1 The role of the Cancer Chemoprevention Semantic Model 

The remainder of this paper is organized as fol-
lows. Section 2 presents the methodology that was 
followed for developing CanCO. Section 3 introduc-
es CanCO and the methodology followed to identify 
the concepts of the model, as well as the encoding of 
the model in OWL. Section 4 discusses the evalua-
tion of the model and a pilot application based on the 
model. Finally, in Section 5 we conclude the paper 
and discuss future research directions. 

 
Fig. 2 Methodology for building CanCO 

2. Methodology 

The methodology followed for the definition of 
CanCO is based on a set of methodologies for ontol-
ogy definition, namely METHONTOLOGY[7], Li et 
al.[8] and Öhgren et al. [9]. The novel part of the 
approach is the active engagement of the domain 
experts, i.e. the biologists, during the actual devel-
opment of the model (specification and conceptual-
ization) and not just their limited involvement in the 
model evaluation.  The phases followed (Fig. 2.) are 
listed below: 
− Specification. This phase investigates the rea-

sons for which the semantic model is built and 
who the intended uses and the end-users are. At 
this stage the level of granularity of the concepts 
should also be taken into account. The specifica-
tion of CanCO is described in Section 3.1 where 
the need for a unified cancer chemoprevention 
model is documented. 

− Conceptualization. This phase identifies the 
concepts and relations of the model. The concep-
tualization of CanCO followed a “meet-in-the-
middle” approach (Fig. 3). On the one hand rele-
vant concepts emerged in a bottom-up fashion by 
analyzing the domain (i.e. existing data sets, user 
requirements and experimental data), on the oth-
er hand, it followed a top-down approach 
through analyses of existing ontologies and 
models. The result of the conceptualization ac-
tivity is the conceptual model. The conceptuali-
zation of CanCO is described in Section 3.2. 

− Formalization and Implementation. This 
phase transforms the conceptual model into a 
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formal or semi-computable model that later on 
can be translated into a computable model in any 
ontology language. The ontology language se-
lected for the implementation is the Web Ontol-
ogy Language (OWL). The Formalization and 
Implementation of CanCO is described in Sec-
tion 3.3. 

− Evaluation. This phase examines the complete-
ness, correctness, usability and simplicity of 
CanCO through a human assessment evaluation 
based on a questionnaire. The feedback provided 
by the evaluation indicated corrections to the 
model, which were used to improve the Concep-
tualization step. The Evaluation of CanCO is de-
scribed in Section 4.  
 

 
Fig. 3 Bottom-up and Top-down conceptualization of CanCO 

3. Model design and development 

3.1. Model Specification 

As already stated in the Introduction, there is a 
need for a unified Cancer Chemoprevention Seman-
tic Model. The reasons of this need can be summa-
rized to the following: 
− The heterogeneity of existing data sources rele-

vant to cancer chemoprevention and the need to 
query them using a common vocabulary. 

− The genericity of the existing ontologies that do 
not fully cover the peculiarities of cancer chem-
oprevention.  

The model reflects the requirements of the bio-
medical experts that were actively involved in the 
model development. To do this, a questionnaire has 
been created and distributed aiming to detect the 

modeling needs and expectations of the biomedical 
experts for CanCO. An extensive discussion of the 
questionnaire results has been conducted during a 
requirements collection workshop which took place 
in May 2011.  Eight biomedical experts and two on-
tology engineers participated in the workshop.  

The model is separated into 4 spaces each describ-
ing a different aspect of cancer chemoprevention. 
The four spaces are connected through the main con-
cept of the model that is the Chemopreventive Agent. 
The model spaces are the following:  
− The Cancer chemoprevention space enables the 

semantic annotation and representation of cancer 
chemoprevention related data and resources. 
Specifically, it defines concepts and relation-
ships that represent the way the chemopreventive 
agent acts in order to prevent a disease. 

− The Experimental representation space facili-
tates the semantic annotation and representation 
of experimental data, procedures and protocols 
followed in order to identify and examine a 
chemopreventive agent. 

− The Virtual screening space facilitates the repre-
sentation of data related to the performance of 
cancer chemoprevention experiments through 
computer simulation.  

− The Literature representation space enables the 
semantic annotation and processing of publica-
tions and scientific papers (in online libraries and 
digital archives) related to a chemopreventive 
agent, e.g. arguing for or against the cancer 
chemopreventive nature of a molecule. 
 

 
Fig. 4 Spaces of the Cancer Chemoprevention Semantic Model 

3.2. Model Conceptualization 

3.2.1. Top-down conceptualization 

During the top-down conceptualization existing 
models and ontologies relevant to cancer chemopre-
vention were analyzed and clustered in order to re-
trieve the concepts and relationships relevant to 
CanCO (Fig. 4). More specifically, a total of 18 on-



tologies were detected after an extensive literature 
review. Five of them (BiRO [10], CiTO [11], FaBiO 
[12], SIOC [13] and SWAN [14]) represent concepts 
related to the scientific literature and discourse, such 
as bibliographic records, citations, references, au-
thors etc, while 13 of them (ACGT [15], BioPAX [6], 
Biotop [16], CancerGrid Metamodel [17], EFO [3], 
GO [5], MeSH [18], MGED [19], NCI [20], OBI [4], 
RxNorm [21], UMLS [22], ISA  [23] ) are from the 
biomedical domain and represent concepts related to 
the Cancer Chemoprevention, the Experimental rep-
resentation and the Virtual screening. 

The analysis of existing models/ontologies com-
prised a multiphase iterative abstraction exercise, 
where the concepts of the models/ontologies were 
reviewed. The concepts of the models were manually 
grouped in clusters with high similarity (only con-
cepts related to cancer chemoprevention were en-
countered). This means that the elements of a specific 
cluster were conceptually/semantically related de-
spite differences in terminology. Then representative 
concepts from every cluster were extracted. For ex-
ample a cluster contains the concepts “clinical trial 
protocol”, “protocol”, “experiment design protocol”, 
“study design”, “trial protocol”, “experimental de-
sign” and as representative concept is selected the 
Protocol.  

The results of the top-down conceptualization and 
the clustering are presented in Table 1. The concepts 
identified are grouped according to the model space 
they belong to. For each concept identified, the table 
lists the ontologies/models that contain the specific 
concept and in parenthesis the name they use for that 
concept.  

3.2.2. Bottom-up conceptualization 

The bottom-up construction of the model identifies 
concepts based on existing data sets and requirements 
that are relevant to the model spaces. More specifi-
cally, during the bottom-up conceptualization the 
following steps are followed: 
− Analysis of publicly available datasets in the 

Linked Open Data Cloud tagged with 
“lifesciences” or “healthcare”. 

− Analysis of user requirements related to cancer 
chemoprevention obtained through interviews 
and feedback from the initial model. 

− Analysis of results obtained from cancer chemo-
prevention experiments. 

Publicly available datasets. The analysis of the pub-
licly available datasets was based either on the data 
provided through the SPARQL endpoints of each 
dataset or through the searching mechanism provided 
by their Web site. The analysis of the data sets is 
similar with the model analysis described in Section 
3.2.1. The elements of each data set were reviewed 
and clustered manually into semantically equivalent 
clusters. For each cluster, a representative concept 
was extracted. Moreover, representative attributes 
were reviewed. For example for the concept Mole-
cule representative attributes are the “Formula”, 
“Molecular weight” and “Size” (see Fig. 6).  

A total of 55 data sets were detected and analyzed 
after an extensive review of the state of the art. 36 of 
them, i.e. CheBI [24], Pubmed [25], DrugBank [26], 
KEGG [27], Reactome [28], UniProt [29], 
Diseasome [30], Dailymed [31], Sider [32], open-
BioMed [33], BioGRID [34], Freebase [34], HapMap 
[35], HPRD [36], HumanCYC [37], IntAct [38], 
LinkedCT [39], MetaCyc [40], MINT [41], 
NeuroCommons [42], PharmGKB [43], NPG [44], 
OBO [45], Bio2RDF [46], LinkedLifeData [47], 
iProClass [48], HomoloGene [49], HGNC [50], 
Biocarta [51], INOH [52], GenID [53], OMIM [54], 
SGD [55], RefSeq [56], MGI [57], iRefIndex [58] 
were accessed through a SPARQL endpoint (a single 
SPARQL endpoint may provide access to more than 
one data set), while 19 of them, i.e. PubMed Dietary 
Supplement Subset [59], Dietary Supplements Labels 
Database [60], ClinicalTrials [61], TOXNET [62], 
ACToR [63], PubChem [64], Repartoire [65], CGED 
[66], ArrayExpress [67], GEO [68], GenBank [69], 
ChemSpider [70], Chembase [71], Sigma-Aldrich 
[72], ChemDB [73], CCAD [74], Wikipathways [75], 
cPath [76], Protein DB [77], were accessed through 
the search mechanism available on their Web site. 

Analysis of user requirements. The analysis of the 
user requirements was based on structured question-
naires and on relevant usage scenarios:  
− A questionnaire1

− A set of 4 usage scenarios were designed in a 
collaboration fashion with the biomedical ex-
perts [78]. The usage scenarios focus on the dif-

  has been employed in order to 
elicit requirements from the biomedical experts. 
It contains 18 questions related to the kind of da-
ta biomedical experts use, problems faced when 
searching for data in different sources or when 
collaborating with other biomedical experts etc.  
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ficulties faced by biomedical researchers when 
evolving chemoprevention clinical trials design 
and planning, accelerate the conduction of the 
trials and improve the quality of the expected 
outcomes.  

− Finally, a questionnaire 2

 

 was used for the eval-
uation of the model. The biomedical experts 
were asked to evaluate the completeness and cor-
rectness of the produced model. The feedback 
provided by the evaluation may indicate correc-
tions to the model, which will then be used to 
improve the Conceptualization step. 

Experimental data analysis. The experimental data 
analysis identified concepts by examining experi-
mental data relevant to the cancer chemoprevention. 
To succeed this, two sets of experimental data were 
analyzed. The first experimental data set [79] exam-
ines the activity of more than 200 synthetic and natu-
ral product-derived molecules and identifies potential 
chemoprevention agents. The second dataset [80] 
identifies potential cancer chemopreventive constitu-
ents. A number of known chemopreventive substanc-
es have been tested belonging to several structural 
classes as reference compounds for the identification 
of novel chemopreventive agents or mechanisms.  

The results of the bottom-up conceptualization are 
presented in Table 1. The table contains the concepts 
identified, for each concept identified the table lists 
the data sets that contain the specific concept. More-
over the table reports if a concept is detected at the 
User Requirements (see User Req.) or the Experi-
mental Data (see Exp. Data) analysis. 

The analysis of the last two sections examined a 
number of resources (ontologies and datasets) related 
to cancer chemoprevention. Fig. 5 summarizes these 
resources clustered based on the spaces of the model. 
There exist overlaps between the spaces since many 
resources cover more than one space.  

3.2.3. Conceptual model   

The concepts identified by both approaches (top-
down and bottom-up) were then merged in CanCO 
depicted in Fig. 6. The final model comprises of 27 
concepts distributed across the four spaces of the 
model, namely Cancer chemoprevention, Experi-
mental representation, Virtual screening and Litera-
ture representation. The following paragraphs discuss 
these concepts in detail. 
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The core concept of the Cancer chemoprevention 
space is the Chemopreventive agent. A 
Chemopreventive agent is a Natural or Synthetic sub-
stance, such as a Drug, or plant product, that has 
shown some evidence that it may reduce the risk of 
developing or recurrence of tumor formation (i.e. 
Cancer) [20].  A Chemopreventive agent can prevent 
Cancer by interfering with a biological Target (e.g. 
nucleic acid, lipid, protein, sugar etc) through a Bio-
logical Mechanism (e.g. anti-metastatic, anti-
proliferative etc). In other words, the Biological 
Mechanism is the way the Chemopreventive agent 
affects the Target in order to “break” the series of 
interactions that leads to a Disease (i.e. cancer). This 
series of interactions is captured by the Pathway 
which often forms a network that biologists have 
found useful to group together for organizational, 
historic, biophysical, or other reasons. Finally, the 
measurement of the Toxicity of a Chemopreventive 
agent is important since it may cause injury to an 
organism in a dose dependent manner. 

 

 
Fig. 5 Categorization of the Ontologies/datasets based on the spac-

es of the Cancer Chemoprevention Semantic Mode (CanCO) 
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Top-down Bottom-up 
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n Published 
Work 

SWAN (Book, Journal,Newspaper article, Newspaper 
news, Web article), CiTO, BiRO, FaBiO (work) 

PubMed,PubMed diet.  
sup,Neurocommon,NPG  - 

Research 
statement SWAN (Research statement), FaBiO (Expression) -  - 

Person SWAN (agent), SIOC (user account) PubMed, PubMed diet. 
Sup., NPG - - 

Ex
pe

rim
en

ta
l  

re
pr

es
en

ta
tio

n 

Experimental 
factor 

ACGT(organism, substance sample), BIOTOP (organism 
part), EFO(experimental factor), MGED(experimental 
factor), OBI(organism) , NCI (organism, tissue), UMLS 

PubChem, ArrayExpress   

Protocol 

ACGT (clinical trial protocol), EFO (protocol), MGED 
(experiment design protocol), OBI (protocol, study de-
sign), CancerGrid (trial protocol), NCI (clinical trial pro-
tocol, experimental design),UMLS 

PubChem, ArrayExpress  - 

Measurement MGED, NCI - -  
Investigation NCI, ISA - - - 
Study NCI, ISA - -  

Assay NCI, MeSH, ISA, EFO Clinical trials, LinkedCT 
ArrayExpress,PubChem,    

V
irt

ua
l 

sc
re

en
in

g Virtual  
screening - -  - 

Scientific  
Workflow NCI, MeSH -  - 

C
an

ce
r c

he
m

op
re

ve
nt

io
n 

Chemoprevent
ive agent - CCAD   

Toxicity NCI, ACGT TOXNET, ACToR  - 
Biological 
Mechanism - -  - 

Pathway NCI, BIOPAX 

IntAct, PharmKGB, 
Wikipathways, KEGG, 
Repartoire, cPath, 
Reactome,  MetaCYC,  
HapMap, Protein DB 

 - 

Target 

ACGT( biological macromolecule), BIOPAX(protein, 
RNA, DNA), EFO (protein, DNA, RNA), 
OBI(macromolecule, nucleic acid, protein), GO (nucleic 
acid, protein) , NCI (nucleic acid, protein) 

PharmKGB, Protein DB, 
Repartoire, GeneBank, 
UniProt, GEO,  CGED, 
SigmaAldrich, HapMap 
BioGRID, HumanCYC, 
Open-biomed, MINT 

 - 

Disease ACGT, OBI, NCI, MeSH, EFO (cancer), MGED (cancer) PharmKGB, Diseasome, 
Repartoire, CGED   - 

Organ ACGT, NCI - - - 

Molecule BIOTOP(biological compound) EFO(chemical com-
pound), MGED(compound), NCI(molecule) 

Chebi, Chembase, 
Chemspider, ChemDB  - 

Source BIOPAX(biosource), NCI(source, natural source) Diet. Sup. Labels,   - 

Drug ACGT (Drug, chemotherapy drug), EFO, NCI (pharma-
ceutical substance), MGED, RxNorm 

IntAct, DailyMed, Sider 
PharmKGB, DrugBank,   - 

Table 1 Cancer Chemoprevention Semantic Model (CanCO) conceptualization



 
Fig. 6 The Cancer Chemoprevention Semantic Model 

The Experimental representation space is designed 
based on the ISA (Investigation – Study – Assay) 
framework [23] to capture data related to the experi-
mental procedure. The main concept of the Experi-
mental space is the Study that is a collection of As-
says sharing the same Protocol. During a Study 
Measurements are made based on a Protocol which 
defines the procedure followed. The Protocol uses a 
set of Experimental factors that are the variable as-
pects of an experiment design (e.g. cell lines, organ-
isms, biomaterial etc) and can be documented sepa-
rately in a Published work. A Study has an Author 
and is part of an Investigation that is a high-level 
concept to link related studies with the same subject. 
An Assay takes as input Molecules and investigates if 
they have chemopreventive action. Finally, Assays 
can be separated into in-vivo (done in living organ-
isms), in-vitro (done outside of living organisms) and 
in-silico (performed on computer) based on the 
methodology used. 

The Virtual screening space defines concepts re-
lated to the execution of biomedical experiments 

through computer simulation. A type of in-silico As-
say is the Virtual Screening that refers to computa-
tional technique used in drug discovery research. 
Each in-silico Assay uses a Scientific Workflow that 
is a pipeline of connected components (in-silico tools, 
models) exploited to perform an in-silico experiment. 

The core concept of the Literature representation 
space is the Published Work. It refers to any type of 
publication that makes content available to public 
(e.g. Book, conference/journal article etc). Each Pub-
lished Work has at least one author that is a Person, 
and supports a number of Research Statements. The 
definition of Research Statement is based on the 
SWAN ontology [14] and is defined as a declarative 
sentence that has a hypotheses and a claim and is 
supported by a Published Work. The Published Work 
is an important concept for CanCO since it may con-
tain formal information and documentation for other 
concepts of the model (e.g. Protocols, Investigations 
and Chemopreventive agents).  

The main modeling contribution of CanCO is the 
identification of the Chemopreventive agent as the 



main concept of the model and its correlation with 
concepts already defined in existing biomedical on-
tologies and data sets. More specifically the Litera-
ture representation space contains the published in-
formation related to a Chemopreventive agent, the 
Experimental representation and Virtual screening 
spaces contain concepts for the representation of the 
experimental procedure followed in order to identify 
and examine a Chemopreventive agent. Finally, the 
Cancer chemoprevention space defines concepts that 
represent the way the Chemopreventive agent acts in 
order to prevent Cancer, as well as information about 
the Sources that a Chemopreventive agent can be 
found to.  

3.3. Model Formalization and Implementation 

The formalization of the model transforms the 
conceptual model into a formal or semi-computable 
model. For the formalization of CanCO a standard 
template is used to formally define the concepts and 
the properties of the model. The template contains 
information like the name, a universal resource iden-
tifier (URI), the definition and the is-a relations of 
the class/property. Table 2 contains a formalization 
of the Chemopreventive Agent.  

ChemopreventiveAgent 
URI ../CanCO/ns#ChemopreventiveAgent 
Definition A Chemopreventive agent is a Natu-

ral or Synthetic substance, such as a 
Drug, or plant product, that has 
shown some evidence that it may 
reduce the risk of developing or re-
currence of tumor formation. 

is-a Molecule 
Table 2 Formalization of the Chemopreventive Agent 

Until now the specification of CanCO remained at 
the conceptual (modeling) level. A machine-
processable implementation of the model was re-
quired in order to (i) facilitate the model's uptake and 
reuse by the community, and (ii) use the model in the 
context of specific implementation. Therefore, an 
implementation of CanCO in OWL was developed. 
OWL was selected as it is a well accepted and widely 
used Semantic Web standard that allows expressing 
complex relationship between concepts. 

During the implementation, the classes and proper-
ties of the model (Fig. 6) where transformed into 
OWL classes and their relationships were encoded as 
OWL object properties. Table 3 shows an OWL rep-
resentation of the Chemopreventive Agent.  

CanCO is linked with two biomedical ontologies, 
Experimental Factor Ontology (EFO) and Advancing 
Clinico-Genomic Trials on Cancer (ACGT), since 
they are highly-related with cancer chemoprevention. 
These ontologies were imported by CanCO and simi-
lar concept where linked, for example efo:Disease 
and acgt:Disease are linked with the Disease concept 
defined by CanCO. CanCO is also linked with an 
upper ontology, Basic Formal Ontology (BFO) [81] 
that describes very general concepts that are the same 
across the biomedical domain. For example the con-
cept Assay is defined as a sub-concept of bfo:Process. 
Thus, it enables a semantic interoperability between a 
large number of ontologies which are accessible 
ranking "under" this upper ontology. The working 
draft of the ontology can be accessed at Bioportal3

<owl:Class rdf:ID="ChemopreventiveAgent"> 

. 

 <rdfs:subClassOf  rdf:resource="#Molecule"/> 
 <rdfs:label> Chemopreventive Agent </rdfs:label> 
<rdfs:comment> A Chemopreventive agent is a 

Natural or Synthetic substance, such as a Drug, 
or plant product, that has shown some evidence 
that it may reduce the risk of developing or re-
currence of tumor formation. 

</rdfs:comment> 
</owl:Class> 

Table 3 OWL representation of the Chemopreventive Agent 

4. Demonstration and Evaluation of the model 

CanCO needs to be evaluated and tested according 
to specified criteria. These criteria are proposed in 
existing methodologies for model evaluation  [82, 
83] and are:  
− Lexicon & vocabulary. Emphasizes the handling 

of concepts and the vocabulary used. 
− Hierarchy, Taxonomy. Emphasizes taxonomic 

relations (is-a relations). 
− Semantic relations. Evaluates other relations, 

which are not taxonomic relations. 
− Context or application. Evaluates model in their 

context of use/application. 
− Syntax. Evaluates model conformity to syntacti-

cal requirements of formal language. 
− Structure and architecture. Evaluates model 

conformity to predefined structural requirements. 

                                                           
3 http://bioportal.bioontology.org/ontologies/3030 
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N Question High 
disagree 

Disagreement Indifferent Agreement High 
agree 

1 I think that I could contribute to this 
model 

0.00% 0.00% 14.29% 71.42% 14.29% 

2 I find the model easy to understand 0.00% 28.57% 28.57% 42.86% 0.00% 
3 I think that I would need further theoret-

ical support to be able to understand this 
model 

14.29% 14.29% 28.57% 14.29% 28.57% 

4 I found the various concepts in this mod-
el were well integrated 

0.00% 0.00% 14.29% 71.42% 14.29% 

5 I would imagine that most biomedical 
experts would understand this model 
very quickly 

14.29% 28.57% 57.14% 0.00% 0.00% 

6 I am confident I understand the concep-
tualization of the model 

0.00% 0.00% 28.57% 71.42% 0.00% 

7 The concepts/properties of the model 
cover the needs of the Cancer Chemo-
prevention domain. 

0.00% 0.00% 57.14% 42.86% 0.00% 

Table 4 Usability evaluation

Various methodologies for the evaluation of on-
tologies have been considered in the literature, de-
pending on the ontologies and the evaluation purpose. 
The evaluation methodologies adopted are: 
− Application Based [84]. Use of an ontology in an 

application followed by evaluation of the results. 
− Human assessment[85]. Evaluation conducted 

by people based on criteria and patterns. 

The Application Based methodology is selected in 
order to evaluate the expressivity and completeness 
of CanCO in a real application, while the Human 
assessment methodology has been chosen in order to 
actively involve the biomedical experts in the evalua-
tion process. In this way the adoption of the model by 
the biomedical community is facilitated. 

In order to simplify the human assessment evalua-
tion a questionnaire was created4

− The first part examines the usability and the 
simplicity of the model. In this part the biomedi-
cal experts (i.e. biomedical researchers, biolo-
gists, clinicians and doctors) were asked to an-
swer a tailored version of the System Usability 
Scale (SUS) [86] that is proposed by [87] in or-
der to evaluate the understanding and agreement 
of the biomedical experts regarding CanCO as a 
whole. It contains 7 Likert scale questions (stat-
ing the degree of agreement or disagreement). 

. The questionnaire 
examined the completeness, correctness, usability 
and the simplicity of CanCO. It was separated into 
two parts: 
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− The second part examines the correctness and 
the completeness of the model. It contains 4 
questions related to the definitions of the mod-
el’s concepts (in case no standard definitions are 
detected in existing ontologies) and 20 questions 
for the validation of the relations between the 
concepts that exist in CanCO. Moreover, it pro-
vides the biomedical experts the ability to ex-
press any disagreement or detect any concept or 
property missing. 

Assuming the usability evaluation, the majority of 
the biomedical experts (71.42% agreement and 
14.29% high agreement) declared that they could 
contribute to the model (Question 1). This finding is 
related with the user’s willingness to use and extend 
the model. The understanding of the model is exam-
ined by Questions 2 and 6. Most of the biomedical 
experts (42.86%) found the model easy to understand 
(Question 2). Moreover, most of the experts under-
stand the conceptualization (Question 6) of the model 
(71.42% agreement).  

Regarding questions 3 and 5, the answers vary 
about the theoretical support needed by the users to 
understand the model. Finally, assuming the com-
pleteness (Question 7) and integration (Question 4) 
of the model most of the users found the concepts of 
the model well integrated (71.42% agreement and 
14.29% high agreement) and they believe that the 
model covers the needs of the Cancer Chemopreven-
tion domain (42.86% agreement).  The usability re-
sults are presented in detail in Table 4. 

Except from the usability evaluation, the question-
naire checks also the correctness and completeness of 
the model. The biomedical experts agreed with the 



concepts and properties of the model but they also 
proposed changes to the definitions of the concepts 
as well as addition/deletion of concepts properties. 
These changes were incorporated into CanCO (Fig. 
6). The concepts that derived from the evaluation 
process (e.g. Scientific workflow, Toxicity, Biologi-
cal mechanism) are marked to be derived from the 
User requirements as part of the bottom-up conceptu-
alization (see Table 1). 

Assuming the Application-based evaluation, an ex-
tension of Google Refine tools5

5. Conclusion 

 has been developed. 
Google Refine is a tool for working with messy data 
and transforming it from one format into another. 
The extension created makes use of CanCO towards 
providing a user-friendly interface that experimental 
researchers can easily understand and use for submit-
ting data. It is envisioned that users will likely further 
validate and improve the model through their interac-
tions via the user interface.  

Currently, there exist a big number of data relevant 
to cancer chemoprevention but they are spread across 
a very large number of heterogeneous data sources 
(ontologies, knowledge bases, databases with exper-
imental results and publications). Additionally, the 
existing vocabularies, ontologies and reference data 
in the literature are generic enough and cannot cover 
the peculiarities of cancer chemoprevention. There-
fore, we identified the need for a unified model for 
cancer chemoprevention that will enable the semantic 
annotation, sharing and interconnection of globally 
available cancer-chemoprevention-related and other 
types of biomedical resources.   

In this work we proposed the Cancer Chemopre-
vention Semantic Model (CanCO) that provides a 
solution to the heterogeneity of the existing data 
sources and to the genericity of the available ontolo-
gies in the area of cancer chemoprevention. The 
model comprises of four spaces namely: (i) Cancer 
chemoprevention (ii) Experimental representation, 
(iii) Virtual screening and (iv) Literature representa-
tion. The methodology proposed for the development 
of the model follows a “meet-in-the-middle” ap-
proach, where the concepts emerge both in a bottom-
up (analysis of the domain) and top-down (analysis 
of existing models/ontologies) fashion. Significant 
role in the methodology plays the feedback received 
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from the domain experts at different phases of the 
development. The main contributions of this work 
can be summarized in the following: 
− It proposes and realizes a hybrid collaborative 

methodology for defining, developing and eval-
uating the Cancer Chemoprevention Semantic 
Model. The novel part of the approach was on 
crowdsourcing the model and asking for feed-
back from the biomedical experts during each 
phase.  

− It defines a unified model for the cancer chemo-
prevention domain. In this way it offers a com-
mon language for the biomedical experts in order 
to search and retrieve semantically-linked cancer 
chemoprevention related data and resources. 

− It lowers the semantic interoperability barriers 
and thus contributes to the reusability of existing 
biomedical ontologies and data described using 
different semantic models. 

− It identifies the Chemopreventive agent as the 
main concept of the model and correlates it with 
concepts already defined by other ontologies or 
data sets.  
 

As part of our future research, we plan to exploit 
CanCO  in the GRANATUM project [88] that aims 
at bridging  the information gap among biomedical 
researchers by offering homogenized access to re-
sources needed  to perform cancer chemoprevention 
experiments and conduct studies on large-scale da-
tasets. The model will be one of the pillars on which 
the GRANATUM approach will build in order to 
achieve interoperability and homogenized access of 
resources. In the context of the project, the model 
will drive the implementation of several tools, in-
cluding the Google Refine extension mentioned ear-
lier as well as a visual model editor that will allow 
biologists to easily create extensions of the model in 
order to satisfy their individual requirements.  
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