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Abstract—Medication errors are the most common type of
medical errors in health-care domain. The use of electronic
prescribing systems (e-prescribing) have resulted in significant reductions in such errors. However, dealing with the heterogeneity
of available information sources is still one of the main challenges
of e-prescription systems. There already exists different sources
of information addressing different aspects of pharmaceutical
research (e.g. chemical, pharmacological and pharmaceutical
drug data, clinical trials, approved prescription drugs, drugs
activity against drug targets. etc.). Handling these dynamic pieces
of information within current e-prescription systems without
bridging the existing pharmaceutical information islands is a
cumbersome task. In this paper we present semantic medical prescriptions which are intelligent e-prescription documents enriched
by dynamic drug-related meta-data thereby know about their
content and the possible interactions. Semantic prescriptions provide an interoperable interface which helps patients, physicians,
pharmacists, researchers, pharmaceutical and insurance companies to collaboratively improve the quality of pharmaceutical
services by facilitating the process of shared decision making.
In order to showcase the applicability of semantic prescriptions
we present an application called Pharmer. Pharmer employs
datasets such as DBpedia, DrugBank, DailyMed and RxNorm to
automatically detect the drugs in the prescriptions and to collect
multidimensional data on them. We evaluate the feasibility of the
Pharmer by conducting a usability evaluation and report on the
quantitative and qualitative results of our survey.
Index Terms—Semantic prescription; e-prescription; semantic
annotation; e-health;

I. I NTRODUCTION
As reported in MedicineNet [1], medication errors are the
most common type of medical errors in health care. Errors
such as improper dose of medicine, adverse drug interactions,
food interactions, etc. often stem from invalid prescriptions
and unawareness of the patients. Medication-oriented errors
are usually the result of failures during the medication process [2]. Electronic prescriptions which are recently gaining
attention in the e-health domain, are one of the solutions
proposed to solve these type of errors. In an e-prescription
system, prescriber electronically sends an accurate, error-free
prescription directly to a pharmacy from the point-of-care.
During the recent years, the adoption of e-prescriptions
has been spreading relatively rapidly. In the US, the so
called Electronic Prescribing Incentive Program is a reporting program that uses a combination of incentive payments
and payment adjustments to encourage electronic prescribing

by eligible professionals. [3]. As recently published by [4]
hospitals’ use of computerized prescriptions prevented 17
million drug errors in a single year in the United States.
The Canadian Medical Association (CMA) and the Canadian Pharmacists Association (CPhA) have approved a joint
statement on the future of e-prescribing that aims to have all
prescriptions for Canadians created, signed and transmitted
electronically by 2015. The Australian government removed
commonwealth legislative barriers to electronic prescribing
started from 2007 [5]. A system called epSOS [6] which
performs the use of e-prescriptions all around Europe, is
currently passing the extensive practical testing phase.
However, one of the main challenges in current eprescription systems is dealing with the heterogeneity of available information sources. There exist already different sources
of information addressing different aspects of pharmaceutical
research. Information about chemical, pharmacological and
pharmaceutical drug data, clinical trials, approved prescription
drugs, drugs activity against drug targets such as proteins,
gene-disease-drug associations, adverse effects of marketed
drugs, etc. are some examples of these diverse information.
Managing these dynamic pieces of information within current
e-prescription systems without blurring the border of the
existing pharmaceutical information islands is a cumbersome
task. On the other hand, Linked Open Data as an effort to
interlink and integrate these isolated sources of information
is obtaining more attention in the domain of pharmaceutical,
medical and life sciences.
Combining the best practices from Linked Open Data together with e-prescription systems can provide an opportunity
for patients, researchers as well as practitioners to collaborate
together in a synergetic way. A consequence of introducing
linked data in health care sector is that it significantly changes
the daily duties of the employees of the health care sector.
Therefore the most challenging aspect will not be the technology but rather changing the mind-set of the employees
and the training of the new technology[7]. Furthermore, the
information generated via that approach can be employed as
a data source for researchers. Drug companies are also able
then to take the advantage of considering these informative
statistical data.
Semantic prescriptions as introduced in this paper are a
proposed approach to utilize semantic web technologies in
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Fig. 1.

Available datasets related to pharmaceutical research.

e-prescription systems. As intelligent prescriptions, they can
automatically handle the medical errors occurring in prescriptions and increase the awareness of the patients about the
prescribed drugs and drug consumption in general. Semantic
prescriptions also enable the creation of more efficient and effective search approaches for drug discovery and consumption.
We created a tool called Pharmer as a showcase application
to facilitate the process of semantic prescription generation.
Pharmer adopts a bottom-up approach for enriching the normal e-prescriptions with semantic annotations using a set of
predefined datasets from Linked Open Data.
The remainder of this article is structured as follows:
Section II, Section III and Section IV provide a background
on the basic concepts such as Linked Open Data, Semantic
Content Authoring and E-prescriptions employed in this paper.
In Section V, we describe the Pharmer as a solution to
effectively create semantic prescriptions. Then we discuss the
possible advantages of Pharmer in Section VI. To better clarify
the use cases of the Pharmer system, an example scenario
including Pharmer stakeholders is drawn in Section VII.
Finally Section IX concludes with an outlook on future work.
II. L INKED O PEN DATA
In computing, Linked Data describes a method of publishing
structured data so that it can be interlinked and become more
useful. It builds upon standard Web technologies such as
HTTP and URIs, but rather than using them to serve web
pages for human readers, it extends them to share information
in a way that can be read automatically by computers. This
enables data from different sources to be connected and
queried [8]. Tim Berners-Lee, the inventor of the Web and
Linked Data initiator, suggested a 5 star deployment scheme
for Linked Open Data: 1) make your stuff available on the Web
(whatever format) under an open license, 2) make it available
as structured data (e.g., Excel instead of image scan of a table),
3) use non-proprietary formats (e.g., CSV instead of Excel),
4) use URIs to identify things, so that people can point at your
stuff, 5) link your data to other data to provide context.

Particularly in the areas of health care and life sciences
with the wealth of available data, large scale integration
projects like Bio2RDF [9], Chem2Bio2RDF [10], and the
W3C HCLS’s (Health Care and Life Sciences) Linked Open
Drug Data (LODD)[11] have not only significantly contributed
to the development of the Linked Open Data effort, but have
also made social and technical contributions towards data integration, knowledge management, and knowledge discovery.
There are already many interesting information on pharmaceutical research available on the Web. The sources of data
range from drugs general information, interactions and impacts
of the drugs on gene expression, through to the results of
clinical trials. LODD[12] has surveyed publicly available data
about drugs, created Linked Data representations of the data
sets, and identified interesting scientific and business questions
that can be answered once the data sets are connected (cf.
Figure 1).
B. LODD Applications in Medical Domain
There exists few approaches that address the medical and
pharmaceutical applications using LODD. TripleMap1 is a
project connecting widespread distribution of journal articles,
patents and numerous databases in pharmaceutics research.
TripleMap as a web-based application provides a dynamic
visual interface to integrate RDF datasets such as the LODD.
Showing an unexpected associations between entities related to
researcher’s interest is main advantage of TripleMap inspired
by the broad interconnected data available in the LODD data
sets. The goal of the TripleMap project is to deliver and sustain
an ‘open pharmacological space’ by using and enhancing the
state-of-the-art semantic web standards and technologies[13].
Another related project is the Open Pharmacological Space
(OPS), Open PHACTS (Pharmacological Concept Triple Store)
2
project under the European Innovative Medicines Initiative
(IMI) 3 . The goal of this project is integration of chemical and
biological data using Linked Data standards to support drug
discovery [14].
Although these projects address the backend side of creating
LODD applications, there has been a clear lack of applications
with user-friendly, efficient and effective interfaces to make
Linked Data resources accessible to end-users outside the
biomedical community. One of the use cases of LODD datasets
addressed in this paper is authoring of Semantic Prescriptions
which are prescriptions enriched by Linked Open Data.
III. S EMANTIC C ONTENT AUTHORING
A Semantic Document is an intelligent document (with
explicit semantic structure) which “knows about” its own
content so that it can be automatically processed in unforeseen
ways. Semantic documents facilitate a number of important
aspects of information management [15]. For search and
1 http://www.triplemap.com
2 http://www.openphacts.org
3 http://www.imi.europa.eu/

IV. E- PRESCRIPTIONS
E-health has evolved and emerged recently in many forms.
E-prescription is one of those forms and defined as a computergenerated prescription utilized by health-care providers. Eprescribing as it is commonly called, is the use of an automated
data entry system to generate a prescription that is then
transmitted through a special network to a pharmacy in such a
way that the data goes directly into the pharmacy’s computer
system. It plays an important role in improving the quality of
patient care. For the prescriber, e-prescribing happens when a
physician uses a computer or handheld device with a software
that allows him or her to (with the patient’s consent) electronically access information regarding a patient’s drug benefit
coverage and medication history; electronically transmit the
prescription to the patient’s pharmacy of choice; and, when
the patient runs out of refills, his or her pharmacist can also
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With an ontology and a user interface appropriate for
the type of content, semantic authoring can be easier than
traditional composition of content and the resulting content
can be of higher quality [22].
Medical prescriptions are a good candidate to be enriched
by semantic annotations. Semantic prescriptions enable the
traditionally written prescriptions to be utilized in novel ways
as discussed above. In the following sections, we first describe
the e-prescriptions and then discuss how they can be enriched
as semantic documents.
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representations during the authoring process.
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retrieval, they provide more efficient and effective search interfaces, such as faceted search [16] or question answering [17].
In information presentation, they support more sophisticated
ways of flexibly visualizing information, such as by means
of semantic overlays as described in [18]. In information
integration, they provide unified views on heterogeneous data
stored in different applications by creating composite applications such as semantic mashups [19]. For personalization, they
provide customized and context-specific information which
better fits user needs and will result in delivering customized
applications such as personalized semantic portals [20]. For
reusability and interoperability, they facilitate exchanging content between disparate systems and enabling applications such
as executable papers [21].
The above benefits, however, come at the cost of increased
authoring effort. A Semantic Authoring User Interface is a
human accessible interface with capabilities for writing and
modifying semantic documents which are either. Semantic
Content Authoring (SCA) is a tool-supported manual composition process aiming at the creation of semantic documents
which are either:
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electronically send a renewal request to the physician’s office
for approval.
One of the main challenges of the current e-prescription
systems is the heterogeneity and evolving nature of available
information sources. There exist already different sources of
information addressing different aspects of pharmaceutical
research. Recruiting available e-prescription systems in order
to connect the existing dynamic pharmaceutical information
is a challenging task. Linked Open Data when combined with
existing e-prescribing systems, proposes a solution to tackle
this challenge.
V. P HARMER : S EMANTIC AUTHORING OF M EDICAL
P RESCRIPTIONS
Semantic Medical Prescriptions are intelligent eprescription documents enriched by dynamic drug-related
meta-data thereby know about their content and the possible
interactions. As depicted in Figure 2, semantic prescriptions
are created based on a bottom-up process [23] in which
normal e-prescriptions (unstructured or semi-structured with
lower level of expressiveness) are enriched with semantic
metadata coming from a set of predefined ontologies (with
upper level of expressiveness).
In order to showcase the applicability of semantic prescriptions we implemented an application called Pharmer.
The Pharmer implementation is open-source and available
for download together with an explanatory video and online
demo at http://code.google.com/p/pharmer/. Pharmer provides
a platform for semantically annotation of conventional eprescriptions.
The basic ingredients of a semantic annotation system
are ontologies, the documents and the annotations that link
ontologies to documents [23]. Here, we need two kinds of
ontologies: Annotation ontologies (i.e. metadata schemata)
which define what kind of properties and value types should
be used for describing a resource. Domain ontologies which
are used to define vocabularies providing possible values for
metadata properties. We use Schema.org MedicalTherapy and

Drug vocabularies as our annotation ontologies and utilize
the existing pharmaceutical linked datasets such as DBpedia4 ,
DrugBank5 , DailyMed6 and RxNorm7 as our domain ontology.

component asynchronously performs the drug recognition and
adds the related annotations as real-time semantic tagging.
Another component in this layer is drug information collector which grabs all the information regarding a specific drug
from Linked Open Data. To pursue this, it utilizes datasets
such as DrugBank, DailyMed and RxNorm (available at [11])
by sending federated SPARQL queries.
b) Semantic Layer: There are two main components in
this layer namely Annotator and Authoring UI. The annotator
component handles the automatic annotation and embeds
the general information of the drugs as meta-data into the
e-prescription. Annotator adopts the RDFa format. RDFa
(Resource Description Framework in attributes) is a W3C
Recommendation that adds a set of attribute level extensions to
XHTML for embedding RDF metadata within web documents.
RDFa fulfills the principles of interoperable metadata such as
publisher independence, data reuse, self containment, schema
modularity and evolvability.
The authoring UI component provides users with a set
of input forms to manually embed the meta-data related to
prescription instructions into the prescription document.
c) Application Layer: This layer provides a set of applications on top of the generated semantic prescriptions.
Interaction Finder checks the possible interactions between the
prescribed drugs and warn the prescriber about them. Visualizer is responsible for graphically representing the embedded
semantics of a prescription (e.g. as depicted in Figure 5). The
Fact Extractor generates the RDF/Turtle representation of the
semantic prescriptions.
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Architecture of the Pharmer system.

The Pharmer system architecture is depicted in Figure 3 and
consists of three layers:
a) Document Layer: This layer includes the traditional eprescription document plus two components as Drug Detection
and Drug Information Collector. Drug detection component
performs the natural language processing (NLP) of the eprescription document to detect the terms referring to a drug in
the prescription. The component uses DBpedia Spotlight [24]
and BioPortal annotator [25] NLP services to parse and
analyze the text looking for known drugs. DBpedia Spotlight
is a tool for automatically annotating mentions of DBpedia
resources in text (i.e. Named Entity Recognition). BioPortal
annotator is an ontology-based Web service that annotates
public datasets with biomedical ontology concepts based on
their textual metadata.
Automatic drug detection component is configurable so
that users can easily add other existing NLP services for
drug detection. When user is writing the prescription, this
4 Extracted

structured information from Wikipedia available at dbpedia.org
bioinformatics and cheminformatics resource that combines detailed
drug (i.e. chemical, pharmacological and pharmaceutical) data with comprehensive drug target (i.e. sequence, structure, and pathway) available at
http://www.drugbank.ca
6 Information about marketed drugs available at http://dailymed.nlm.nih.gov
7 A normalized naming system for generic and branded drugs available at
http://www.nlm.nih.gov/research/umls/rxnorm/
5A

The main features of Pharmer can be summarized as:
• WYSIWYM User Interface. Pharmer employs the WYSIWYM (What-You-See-Is-What-You-Mean) concept [26]
for integrated visualization, exploration and authoring of
un-structured and semantic content. In Pharmer, users
are able to directly manipulate the conventional eprescriptions in order to enrich them with semantics.
The generated annotations can be viewed by different
sets of user interfaces with are configurable by users.
For example, users can select specific border/background
colors to distinguish the annotated drugs in a prescription.
• Providing Different Semantic Views. Semantic views allow the generation of different views on the same metadata schema and aggregations of the knowledge base
based on the roles, personal preferences, and local policies of the intended users. Pharmer suggests two types
of views: generic and domain specific views. Generic
views provide visual representations of drug information
(e.g. as information view depicted in Figure 4 or graph
view in Figure 5). Domain specific views address the
requirements of a particular domain user (e.g. a researcher
need specific views for visualizing the atomic structure
of chemical compounds).
• Real-time Drug Tagging. Real-time tagging means creating drug annotations while the user is typing. This will
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significantly increase the annotation speed [27]. Users are
not distracted since they do not have to interrupt their current authoring task. Pharmer has a client-side component
which interacts with the server asynchronously to make
real-time tagging possible.
Drug Suggestion. When searching for a drug, Pharmer
suggests the similar drugs by taking into account the
history of search terms.
Automatic Drug Annotation. Automatic annotation means
the provision of facilities for automatic mark-up of
prescriptions. The automatic process of annotating in
Pharmer is composed basically of finding drug terms in
prescription using an NLP service, mapping them against
an ontology, and disambiguating common terms.
VI. P HARMER : A DVANTAGES

The main benefit of using semantic prescriptions is the
persistent connection to up-to-date drug information coming
from multiple dynamic data sources. So, when a change
occurs to a drug (e.g. change in its effects or interactions)
the semantic prescription automatically adapts to this new
change. Once writing a prescription it is very critical to
consider drug interactions. Drug interactions are divided to
three categories namely food-drug, drug-drug and drug-plant
interactions. Coadministration can either be synergistic or
antagonistic which respectively increase or decrease the drugs
effect. The interactions may sometimes lead to change in the
drug effect. By applying semantic prescriptions, all types of
drug interactions are prevented and the probability of errors
in prescriptions are reduced to a great extent.
A semantic prescription is a self-contained document which
is aware of its content and is connected to the Linked Open
Data. In contrast to database-oriented e-prescriptions, semantic
prescriptions can easily be exchanged among other e-health
systems without need to changing their related infrastructure
hence enabling a connection between physicians, pharmacists,
patients, pharmaceutical researchers, insurance and drug companies.
Furthermore, semantic prescriptions increase the awareness of patients. They provide patients with all the related
information of the prescribed drugs thereby mitigating the

Drug company

Researcher

Insurance company

Fig. 6.

Pharmer ecosystem.

possible misuse of drugs. In addition, semantic prescriptions
support shared decision making (SDM) by allowing patients
and service providers to make health care decisions together.
They connect the best scientific evidence available with the
patient’s values and preferences.
VII. P HARMER S TAKEHOLDERS : E XAMPLE S CENARIO
As depicted in Figure 6, Pharmer approach is very versatile
and can be applied in a vast number of use cases by different
stakeholders. The arrows in the figure can be summarized as
the following:
1) The physician diagnoses the disease and writes the corresponding semantic prescription using the Pharmer, where
patient’s medication history is available.
2) The patient accesses to drug information, food interactions and adverse drug reactions via Pharmer.
3) The pharmacist verifies the prescription and considers
alternative options suggested by Pharmer.
4) Drug companies utilize the Pharmer data store in order
to balance their production and distribution according to
the market taste and demand
5) The Researchesrs easily access to the abundant data
source and prescription statistical data.
6) Pharmer informs insurance companies to perform fair
coverage plans according to covered drugs and patient’s
medication history.
All the above stakeholders utilize Linked Open Data as their
integrated information source.
As a scenario; a 63 year old man with the history of MI
(Myocardial Infarction) and type 2 diabetes visits a heart
and coronary specialist complaining about frequent headaches
and heavy head feeling. The specialist, after general inspection and monitoring vital signs, asks for a blood test.

Fig. 4. Screenshot of the Pharmer application (top-left: general view, top-right: drug information view, bottom-left: prescription authoring view, bottom-right:
drug interaction-finder results).

He then considers symptoms including high blood pressure
(sys/dias:158/95 mmHg) and high Fasting Blood Sugar (150
mg/dl). He diagnoses high blood pressure and severe type 2
diabetes. Thereby, The patient profile is defined in Pharmer
by patient’s information besides diagnosis. “no weight loss”
is mentioned as a preference in the patient’s profile. Regardless
of the patient’s preferences, the physician would prescribe
Metformin as a drug of choice. However, since the major
side effect of Metformin is weight loss, the physician
replaces Metformin with Rosiglitazone. Considering
the medication that the patient took before (Glibenclamide
only), The specialist dispenses a new semantic prescription by
entering the following drugs:
• Rosiglitazone 4 mg Oral Tablet once daily
• Glibenclamide 5 mg Oral Tablet bid
• Atenolol 50 mg Oral Tablet once daily
He then checks for the possible drug interactions by clicking
the attributed button in the Pharmer software. As the Pharmer
is connected to Linked Open Data it is capable of recognizing
the most recent updated drug interactions. He finds out that

Sulfunyl Urea class drugs (here Glibenclamide) are not
compatible to be coadministrated with beta-blockers (here
Atenolol). So, he needs to replace it with another drug.
Using the Pharmer and its connection to Linked Open Data,
the physician can find the possible alternatives. Then he
decides to choose Captopril as replacement. The semantic
prescription is then sent to the patient’s pharmacy of choice.
There, pharmacist is able to review the semantic prescription and comments on that directly in the system so that
the physician is also aware of the corresponding changes.
Pharmacist comments may cause minor or major modifications
in the semantic prescription. For instance, using the Pharmer
she is able to check the appropriate dose of each medicine
or suggest cheaper alternatives (if possible). In this case,
as the Rosiglitazone elevates cardiovascular risks, the
pharmacist suggests Rosiglitazone to be replaced by
Pioglitazone. This change happens as a realization of
the shared decision making between physision, pharmacist and
patient. Thereafter, patient who was referred to the pharmacy
takes the prescribed drugs. Before he starts taking the tablets,

he enters in Pharmer system with his ID as patient. There,
he is able to observe drug information embedded in the error
free semantic prescription besides the preferred time and drug
intake instructions. He is also informed about the possible
food interactions. The patient’s profile completes as he visits
physicians or ask for refills. Furthermore he is followed up
by the physician and the pharmacist via the Pharmer. After
2 months the patient visits another specialist for his recurrent
symptoms of diabetes. The specialist via the Pharmer accesses
to the patient’s medical profile and increases the anti-diabetic
drug dose.
A researcher in an academy research institution investigates
Captopril (as an Angiotansion II antagonist) effect on
preventing diabetes recurrence. Having the data from the
aforementioned patient follow up along with other similar
patients allows investigator to lead her goal. In this case, for
example, the Captopril along with anti-diabetic drugs led
to diabetes recurrence. Observing all the corresponding patient
profiles will either confirm or reject the research assumption.
A drug company manager requires to determine the compliance rate of Captopril in the market in order to balance the
production based on market demand. Applying the Pharmer
allows him to simply access to these data and decide how
to go on with this product. He is also able to collect the
evidence which may prevent further dispense of Captopril
by physicians or consumption among patients. Pharmer allows
insurance companies to customize and individualize their services based on patient’s medical records. Recruiting Pharmer
which contains information on insured drugs, the physician
can choose the drugs accordingly. In the scenario,insurance
company checks the dispensed medication with the disease
and patient’s insurance status therefore decides to refund the
patient.
VIII. E VALUATION
In order to determine whether we succeeded to facilitate
the creation of semantic prescriptions using Pharmer, we
performed a usability user study with 13 subjects. Subjects
were drawn from 3 physicians, 4 pharmacist, 3 pharmaceutical
researchers and 3 students. We first showed pthem a tutorial
video of using different features of Pharmer then asked each
one to create a prescription with Pharmer. After finishing the
task, we asked the participants to fill out a questionnaire which
consisted of two parts: feature usage questions and usability
experience questions.
We used the System Usability Scale (SUS) [28] to grade
the usability of Pharmer. SUS is a standardized, simple, tenitem Likert scale-based questionnaire giving a global view of
subjective assessments of usability. It yields a single number
in the range of 0 to 100 which represents a composite measure
of the overall usability of the system. The results of our
survey (cf. Figure 7) showed a mean usability score of 75 for
Pharmer which indicates a good level of usability. Participants
particularly liked the integration of functionality and the ease
of learning and use. The confidence in using the system was
slightly lower, which we attribute to the short learning phase

Fig. 7. Usability evaluation results for Pharmer (0: Strongly disagree, 1:
Disagree, 2: Neutral, 3: Agree, 4: Strongly agree).

and diverse functionality. Of course, this is a very simplified
view on usability and we expect even better results could be
achieved by putting more effort into the Pharmer development.
However, our goal was to demonstrate that Pharmer implementations with good usability characteristics can be created with
relatively limited effort. In addition to quantitative results, we
also collected a number of user suggestions. For instance some
users suggested to provide a print-friendly document with all
the patient’s desired information.
IX. C ONCLUSION
Providing a consistent connection between patients, physicians, pharmacists, pharmaceutical researchers and drug companies is a crucial step towards enhancing the quality of
knowledge management and thereby e-health services in the
pharmaceutical domain. With Pharmer, we presented in this
article an approach for implementation of Semantic Prescriptions as intelligent medical prescriptions to improve the
integration and interoperability of e-prescribing systems with
other e-health services. Semantic prescriptions includes the
important meta-data about the content of a prescription which
will increase the awareness of their consumers.
We see the work presented in this article as an initial
step in a larger research agenda aiming at promoting the
authoring and annotation of semantically enriched medical
documents. Regarding future work, we envision to extend the
Pharmer application towards different modalities, such that the
annotation of images and other medical objects is supported.
Furthermore, we aim to integrate the other existing linked open
datasets (e.g. related to publications, laboratories or insurance
documents) into the Pharmer to extend its stakeholders.
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