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Abstract. Clinical Systems have become standard partners with clinicians in the 
care of patients. As these systems become integral parts of the clinical workflow, 
they have the potential to help improve patient outcomes, however they have also 
in some cases have led to adverse events and has resulted in patients coming to 
harm. Often the root cause analysis of these adverse events can be traced back to 
Usability Errors in the Health Information Technology (HIT) or its interaction with 
users. Interoperability of the documentation of HIT related Usability Errors in a 
consistent fashion can improve our ability to do systematic reviews and meta-
analyses. In an effort to support improved and more interoperable data capture re-
garding Usability Errors, we have created the Usability Error Ontology (UEO) as a 
classification method for representing knowledge regarding Usability Errors. We 
expect the UEO will grow over time to support an increasing number of HIT sys-
tem types. In this manuscript, we present this Ontology of Usability Error Types 
and specifically address Computerized Physician Order Entry (CPOE), Electronic 
Health Records (EHR) and Revenue Cycle HIT systems. 
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Introduction 

Patient Safety is a significant medical issue. The Institute of Medicine report “To Err is 

Human” found that as many as 98,000 patients die every year in the United States from 

Medical Error [1]. The follow-up report “Crossing the Quality Chasm” showed the role 

of Health Informatics and clinical systems in helping to improve patient safety [2, 3]. 

As more systems have been implemented we have found that clinical systems need to 

be designed to improve quality in order to affect that result. Also we find that clinical 

systems as well as being able to improve quality have the potential to harm patients if 

they are not well designed [4]. 

An example was the implementation of a system, which changed the workflow of 

medication ordering so that medications could no longer be pre-ordered while the pa-

tient was on route by ambulance to the hospital. This resulted in an increase in infant 

mortality [5]. 

Jos Aarts and Ross Koppel in 2009 showed that CPOE systems usability flaws can 

lead to medical error [6]. Koppel and Kreda showed that vendors add specific clauses 
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in their contracts holding their systems harmless for errors which they cause [7]. Some 

investigators believe that HIT vendors should have legal exposure for medical errors 

which are HIT system related. The authors agree that medical error reporting is an im-

portant step toward the development of improved and safer clinical systems [8, 9].  

Usability Errors are well defined usability problems or usability flaws. These are 

based on violations of the usability design principles and are considered weaknesses in 

the system design or its interface to users. According to the IEC 62366 standard (or 

ANSI AAMI HE 74 & 75 standards) use errors are human errors for which root causes 

are "usability flaws" (or "usability problems") of the system with which people are 

working. The Oxford English Dictionary defines “Error” as a mistake or the state or 

condition of being wrong in conduct or judgment. As this is a stronger and more specif-

ically defined word than problem or flaw we believe it better represents the types of 

assessments that we wish to classify with the concepts from this Ontology. This is ana-

logous to a diagnosis vs. a problem clinically. Problems encompass diagnoses and 

symptoms or findings; however we see Usability Errors as diagnoses (usability assess-

ments) related to the system design or implementation. 

Human Factors scientists and engineers, who study the intersection of people, 

technology, and work processes have advocated for the development of a Usability 

Error Ontology [10]. Wang and Patel and colleagues described cognitive factors that 

influenced medical error [11]. Vankipuram and colleagues demonstrated a technique 

for automated workflow analysis [12]. However, the authors are not aware of other 

efforts to put forward an OWL representation of a Usability Error Ontology. Further-

more, there is a need in Healthcare for the standardization of reporting of errors in clin-

ical systems. In the US the National Institute for Standards and Technology (NIST) has 

advocated for Usability testing of medical devices and medical software [13]. 

1. History of Classification in Health 

Although many see William Farr from the 19th Century as the father of terminology 

and classification, we can find evidence in the work of Hippocrates that earlier efforts 

were underway and meaningful. 

Hippocrates was born in 460 BCE to Heraclides, a physician. In his contributions 

to the Corpus of Hippocrates, he organized medical knowledge into categories such as 

cautery or excision. He wrote disease oriented treatise based on organ systems such as 

lung cancer and lung emphysemas. He organized treatments by disorder. This type of 

systematic organization of health concepts can be said to be the beginning of controlled 

vocabularies. 

Aristotle, approximately 100 years later, credited Hippocrates with the first orga-

nized thinking in healthcare. Aristotle himself is credited with the development of the 

first formal logic [14]. This began with categorization which concerned itself with the 

natural naming of things and extended itself in his volume named On Interpretation 

which defined the language and form of propositional statements and their elementary 

relations. 

Aristotle was a student of Plato in the school of Athens. Plato looked for Univer-

sals and applied principally deductive reasoning to reach his conclusions. Aristotle ex-

tended this work to define not only Universals but also Particulars. This included not 

only deductive but also inductive reasoning. Here we see the first use of logics to de-

fine Instance knowledge. This also implies the ability to direct the development of clas-
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sification using real world data rather than universal forms. Universals can be things 

such as an apple or can be a property such as the shape of the apple. 

Aristotle defined the term “natural philosophy” to define the development of clas-

sification using phenomenon observed from the natural world. This has been extended 

to cover biology, health and healthcare. He dissected many animals including fertilized 

eggs through maturation and systematically described what he observed. 

Aristotle defined what he called “term logic” which later became known as propo-

sitional logic. Here he defined the term as an entity or something. A proposition is de-

fined as consisting of two terms where one is either affirmed or denied. The syllogism 

is where one proposition (the conclusion) follows from two other propositions (the 

premises) [15]. 

The term has evolved in modern thinking to the concept. Here the notion is that the 

concept is an abstract representation of the thing or abstract notion such as good or evil.  

The concept should be language independent, have meaningless identifiers and can be 

formally defined. Epidemiology requires aggregating data by a common meaning. 

William Farr, a British Epidemiologist is often regarded as the father of medical 

statistics [16]. In 1836, he took a job as the first compiler of scientific abstracts. His 

department was responsible for cataloging and recording the causes of death catego-

rized by occupation. He called this catalog Vital Statistics and was elected as President 

of the Royal Statistical Society. This eventually became the London Bills of Mortality 

which was the precursor of the International Classification of Diseases (ICD) [17]. We 

use ICD9 Clinically Modified or ICD9-CM for morbidity coding and ICD10 for mor-

tality coding in the US today. ICD11 is currently under construction by the World 

Health Organization (WHO). 

Terminology efforts such as SNOMED CT [18], the UMLS, RxNorm [19] and 

LOINC [20] have created a set of large scale clinical terminologies aimed at general 

health knowledge representation. SNOMED CT is a description logic based termino-

logical effort that is moving the field toward the use of standard ontologies. OBO holds 

many basic science related ontologies [21, 22]. 

Elkin and colleagues published a validated scale for measuring interoperability that 

was shown to have good inter-rater agreement [23]. 

An ontology is defined as an explicit formal specification of how to represent the 

objects, concepts and other entities that are assumed to exist in some area of interest 

and the relationships that hold among them. Knowledge representation is the process of 

designing models and systems that represent knowledge, facts and rules.  

2. Methods 

We used Protégé [24] from Stanford to build the Usability-Error Ontology. We em-

ployed the OWL version of Protégé which supports the standard OWL DL semantics. 

The METHONTOLOGY method was used to create the Ontology [25, 26]. The initial 

semantics were derived from a literature review and the expert opinion of the lead au-

thor. Then we used a participatory design method to obtain input and feedback from a 

broad variety of stakeholders. The stakeholders included representatives from Human 

Factors Specialists, Cognitive Psychologists, Physicians, and the Social Scientist com-

munities. The main top level organizing types in the ontology are Cognitive and Non-

Cognitive Usability Errors (See Figure 1). We also include aggregation of the types of 

errors related to specific systems. The Ontology has a set of system types and also a set 
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of findings that can be used to define specific Usability Errors. This Ontology starts by 

defining errors related to CPOE (See Figure 2), EHR and Revenue Cycle systems. 

 

 

Figure 1: Top level Categorizations for the Usability Error Ontology. 

 

Table 1: OWL Object Properties which serve as relationships in the UE Ontology 

Relations Level 1 Level 2 

 Has function 

 

Has etiology 

 
Has higher order function 

 Has status  
 Has deficit 

Is system type 
Has referent 

Has understanding 
Has subject 

 

 

As this is intended to be a living language, we can add other system types and ad-

ditional errors in future releases of the Ontology. We will keep the version and change 

log so that all versions of the terminology will be backward compatible. This requires 

that we agree with the formal definitions that we have developed thus far. 

The UEO has over 150 classes and 9 Object Properties (relations) (See Table 1). 

3. Discussion 

This manuscript describes an open source development effort to standardize the naming 

for Usability Errors. We have distributed the Ontology at: 

http://code.google.com/p/usability-error-ontology/. 

With use and experience the Ontology will grow and evolve to serve the needs of 

the human factors community. This also fits well into the standardization effort ongo-
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ing at the University of Amsterdam by Monique Jaspers and Linda Peute and their col-

leagues who are using the Delphi method to help standardize Usability Report Formats 

[27] and with Khajouei who worked on a classification of the actions associated with 

usability problems [28]. We included the relevant concepts from Rassmussen in the 

Ontology that were necessary for Usability Error representation of HIT evaluations 

[29]. 

Improvements in the patient safety of clinical systems require standardized report-

ing of Usability Errors. The Usability Error Ontology is a step in the right direction 

toward more standard and interoperable reporting of Usability Errors in clinical sys-

tems. 

Correcting Usability Errors in clinical systems has the potential to improve the pa-

tient safety of clinical systems and to decrease the harm which is known to occur when 

using Unusable systems. 
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