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Abstract

At present no adequate annotation guidelines exists for incident
report learning. This study aims at utilizing multiple quantita-
tive and qualitative evidence to validate annotation guidelines
for incident reporting of medication errors. Through multiple
approaches via annotator training, annotation performance
evaluation, exit surveys, and user and expert interviews, a
mixed methods explanatory sequential design was utilized to
collect 2-stage evidence for validation. We recruited two pa-
tient safety experts to participate in piloting, three annotators
to receive annotation training and provide user feedback, and
two incident report system designers to offer expert comments.
Regarding the annotation performance evaluation, the overall
accuracy reached 97% and 90% for named entity identification
and attribute identification respectively. Participants provided
invaluable comments and opinions towards improving the an-
notation methods. The mixed methods approach created a sig-
nificant evidential basis for the use of annotation guidelines for
incident report of medication errors. Further expansion of the
guidelines and external validity present options for future re-
search.
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Introduction

The WHO Patient Safety Incident Reporting and Learning Sys-
tems Technical report and guidelines [27] published in 2020,
maintains the importance of seeking effective approaches to-
wards utilizing incident reporting systems for effective patient
safety improvement. As a set of widely recognized patient
safety guidelines, Minimal Information Model for Patient
Safety (MIM PS) [26] provides a minimal information model
format and field guidance for incident reporting. One of the key
learning challenges remaining is bridging the gap between
meaningful patient safety information and narrative text data
[34] through information models, taxonomies and classifica-
tions suitable for incident reports [27].

Among all the incident types, unsafe medication practices and
medication errors can result in severe harm and even death to
patients and these are potentially avoidable. In the context of
the Global Patient Safety Challenge, WHO announced global
goals to reduce medication errors through system strengthening
[2]. The challenge of learning incident reports for medication
errors is that much of the crucial information is registered in a

free text format and is hence not directly analyzable through
computerized systems and supervised models.

Annotating clinical documents [18] has been a commonly used
means to create gold standard data for automatic information
extraction [20]. Recent examples include the 2010 i2b2/VA
challenge on concepts, assertions, and relations in the clinical
text [22], the n2¢2 shared task in 2018 [23], and the i2b2 chal-
lenge in Japan [19]. There is a significant body of literature
providing instructions for semantic role assignment, argument
identification and classification that are crucial for information
extraction in general [9; 10; 12; 13] and clinical contexts [8;
21].

Furthermore, existing annotation guidelines for the Adverse
Drug Event (ADE) and Medication Extraction [23] exist. For
instance, Buchan’s guidelines [7] aim at establishing a frame of
reference in which different ADE-related information can be
registered systematically. The guidelines include two tasks:
identifying drug names, dosages, durations and other entities
and creating two different relations, including the drug’s rela-
tion to specific symptoms and diseases; and the drug’s relation
with ADE. However, the current form of the guide is not suita-
ble for incident report learning purposes.

A fundamental reason why an incident or near miss occurs is
due to discrepancies between what is supposed to be delivered
from an upstream operation and what is actually delivered to a
downstream operation. Medication errors could occur due to
such discrepancies across different phases of medication, or as-
sociated variables regarding the medication, such as type of
drug, dosage, strength, form, and patient identification etc. Of-
ten, when reporting medication errors, incident reporters detail
aspects of medication and its intention and factuality indica-
tions [32]. These unique properties should be captured in inci-
dent annotation as they would allow machine learning and Al
methods to predict the nature of medication errors and hence
meaningful incident information can be captured systemati-
cally.

Yet, none of these current schemas are developed in an appro-
priate way for incident report learning. This motivated us to in-
vestigate information extraction approaches for incident report
learning through developing gold standard data and investigat-
ing named entity recognition (NER) models. As an initial step,
we (previously) explained annotation guidelines targeting inci-
dent report of medication errors, [32] and in this study, we at-
tempt to evaluate its validity for application. The goals of an-
notation for medication incidents include:

Identifying different concepts from medication incident reports
(named entity identification)



Z.S.Y. Wong et al. / Annotation Guidelines for Medication Errors in Incident Reports 355

Assigning explanations to the identified concepts based on the
narrative text content (attribute identification)

Named entity (NE) refers to a real-world object that can be de-
noted with a proper name. It could be an abstract concept or a
physical referent (e.g. persons, locations, organizations, prod-
ucts, etc.). Assigning an attribute aims to register the properties
and characteristics of each NE annotation in order to provide
sufficient associated information and, in an overall entry-level
sense, to identify what type of incident occurred and pinpoint
what kind of errors took place.

Methods

In consideration of a necessary interplay of clinical, infor-
mation extraction and human factors for annotation, a mixed
methods approach allows us to utilize these diverse research
lenses to integrate associated data elements [16]. Explanatory
sequential mixed method design within a single investigation
were employed for validating the use of the guidelines. In this
validation exercise, it involves structured annotator training us-
ing the developed annotation guidelines, annotator performance
evaluation compared with gold standard, and interviews. The
research process begins with quantitative data collection and
analysis through annotation training and evaluation and com-
pleting exit surveys. Then, qualitative information regarding
the annotation scheme is synthesized through interviews with
annotators and incident report designers/collectors/experts.

Overview of the medication error annotation scheme

The goal for the annotation guidelines is to establish a workable
and structured method to extract and retrieve incident regis-
try/information into a machine-readable dictionary of medica-
tion error concept terms and indications, which can be used to
automatically classify incidents drawn from unstructured inci-
dent reports.

When designing the annotation method, we conducted an ex-
tensive literature review using state-of-the-art incident report-
ing guidelines and existing work on medication errors, classifi-
cation schemes and annotation methods. For instance, the WHO
International Classification of Patient Safety [1], WHO Mini-
mal Information Model for Patient Safety (MIMPS) [5], Na-
tional Coordinating Council for Medication Error Reporting
and Prevention (NCC MERP) [4], Agency for Health Research
and Quality (AHRQ) Common Formats Version 2.0 [31] and
European Medicines Agency Good Practice Guide [3], as well
as other relevant studies [4; 6; 24; 25; 31; 33], were drawn upon,
referenced, and synthesized. The design and technical explana-
tion of the annotation concept is documented in [15; 32]. The
annotation task aims to extract a set of NEs and identify the
associated properties related to medication errors from incident
reports. The annotation consists of two subtasks: (1) Identifying
NEs, namely drug, form (form and dose), strength (amount,
concentration and rate), timing, duration, frequency, dosage,
route and mistaken patient [15] and (2) Applying generic attrib-
utes indication to specify types and properties of each annotated
NE, including index, status (intention/factuality) and the type
of error [32].

Here, we briefly explain the rationale of extracting the explicit
properties of medication errors, organizing abstract incident in-
formation into meaningful entities associated with incident re-
porting, and illustrating the methods of annotating targeted en-
tities in incident reports in practice. The key is to capture essen-
tial and minimal necessary information of medication errors re-
porting. Each of the tagged NEs will be associated with certain

characteristics. When designing the guidelines, we were con-
cerned with the balance between annotation complexity
and implications to patient safety learning.

Study Participants

In the pilot phase, we recruited experienced medical doctors
(+15 years’ experience, patient safety experts) to examine the
feasibility of using the proposed annotation methods. In the
evaluation phase, annotators with at least 2 years medical doc-
tor working experience were recruited. They needed to be
skilled in incident report writing and/or handling incident re-
ports in their affiliated hospitals. Also, experienced incident re-
port system designers and data owners were invited to observe
the evaluation and provide feedback to us.

Quantitative Approaches

There are two phases in this annotation method. Detailed anno-
tation guidelines and training materials are developed for this
purpose (and can be made available for the interested research-
ers to use on request). Sufficient examples are provided in order
to demonstrate how to distinguish NEs and their attributes and
to illustrate the detailed method of annotation under various
practical scenarios.

Brat rapid annotation tool

This annotation guide can be implemented using state-of-the-
art text annotation software platforms, such as brat, oxygen
xml, prodigy and doccano. For our study, throughout the anno-
tation evaluation, we adopted brat [17] rapid annotation tool
(http://brat.nlplab.org) and provide annotation training to par-
ticipants with illustrative examples using this platform.

Evaluation Data

Prior to the evaluation, our researchers randomly drew on 30
medication incidents from datasets of JQ (46,503) and St.
Luke’s data (6,628) and created gold standard annotations using
the developed guidelines/established methods for annotating
medication incidents. From these incident reports, all the taught
NEs and attributes are covered.

Training and Evaluation

In both phases, participants receive approximately 3-hours of
training to learn the guidelines, and practice how to use brat to
annotate with supervision/guidance using case examples, and
to conduct the assessments. In part 1 of the training and evalu-
ation, participants learn how to identify NEs for medication er-
rors and in part 2, the participants learn how to identify attrib-
utes associated with each tagged NE. Two phases of annotation
performance evaluation are conducted. Evaluation metrics in
terms of precision, recall, accuracy, F-score are captured.

Surveys

At the end of each phase and at the end of the entire training
and evaluation session, annotators carry out annotation experi-
ence exit surveys, covering the content of conceptual design,
applicability, usefulness, intuition, user-friendliness [10] using
a 5-point Likert scale.

Qualitative Approaches

Open-ended questions and expert interviews

Furthermore, we use open-ended questions to collect comments
and feedback after each phase and at the end of the evaluation.
All the participants and expert members receive a short inter-
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view after the training and evaluation phase, allowing us to re-
ceive critical comments regarding to the application of annota-
tion guidelines.

Results

Two half-day training sessions with a subsequent testing ses-
sion were conducted on 27th and 29th Aug 2019 at St. Luke’s
International University. Three participants joined both phases
of training, evaluation and completed all the exit surveys. All
of them possessed a medical degree background, were actively
practicing medicine, and utilising/reporting incidents. On aver-
age the number of years in the practice was 7.8 and typically
they handled more than 3 incident reports per year. Patient
safety and incident reports experts from the Japan Council for
Quality Health Care (JQ) and St. Luke's International Hospital
participated and witnessed the training process. Prior to the
above exercises, during the pilot phase, two experienced medi-
cal officers with significant patient safety training experience
refined the training materials and delivery.

Annotation Quality

Annotation evaluation consists of two parts: Identifying NEs
and applying attributes indication to specify types and proper-
ties of each annotated NE. Table 1 illustrates the annotators’
evaluation outcomes at identifying each NE and attributes. The
total number of NEs tested was 405 and the number of attributes
tested was 200. For NE identification, the overall accuracy
reached 97% and overall recall was 83%. In terms of attribute
identification, overall accuracy reached 90%.

Table 1- Accuracy, precision, recall, F-measure for annota-
tors compared to the gold standard

Accuracy F1 Recall Precision
Part 1: Named Entities 0.81 0.83 0.79
Dosage 0.50 0.93 0.34
Drug 0.89 0.87 0.92
Duration 0.68 0.67 0.70
Form (form) 0.82 0.77 0.88
Form (mode) 0.75 1.00 0.60
Frequency 0.69 0.63 0.76
Route 0.53 0.68 0.43
Strength (amount) 0.88 0.81 0.96
Strength (concentration) 0.85 0.95 0.77
Strength (rate) 0.79 0.87 0.71

0.79 0.79
0.89 0.83

Timing

‘Wrong patient
Part 2: Attributes 0.90
Index 0.74
Status. 0.89
Error Occurred 0.95

Survey Results

Figure 1 presents the survey results collected after each training
session and at the end of the exercise. From the final exit sur-
vey, all the annotators agreed that the annotation guidelines pro-
vided a structured way to systematically review medication er-
ror reports (Score 4.6 out of 5). In general, they understood the
role of being an incident report annotator. For those questions
related to whether the entire annotation scheme is easy to un-
derstand, whether they managed to acquire the skill success-
fully and whether other healthcare professionals would under-
stand the scheme, the average scores lay between 3.33 to 4. The
annotators also found it easy to use the brat platform to execute
the annotation method (average above 4 out of 5). These ques-
tions were also asked at the end of part 1 and part 2 and the
results were largely similar.

For both part 1 and part 2 training sessions, the participants
found that practice time (with trainers’ assistance) was useful

to helping build up hands-on skills to achieve the annotation
task (average 5 out of 5). The participants agreed that NEs/at-
tributes covered are essential to help understanding incident re-
ports of medication errors and the training material provides
enough examples to allow them to comprehend the annotation
method. Participants thought that part 1 (average 3.33) was eas-
ier than part 2 (average 3) for application to annotate real inci-
dent reports. The above results were also confirmed in the par-
ticipants’ interviews.

Figure 1— Survey results (after part 1 and part 2 trainings and

Final Exit Surveys)
The annotation scheme provides a clear structure to review
an incident report of medication error systematically
I understand what the role of an incident report annotator
is
I think I managed the skills well =
I think the annotation scheme is easy to understand. s
clieve other healthcare professionals wo ersta
I believe other healthcare professionals would understand = =
the annotati easily SRR R i

I found it easy to use I \Hlmtj execute the annotation s
I found it easy to apply the annotation scheme to annotate
real incident reports.

The practice time (with trainers” assistance) is useful to

help building up hands-on skills. e e e R

The training material provides enough examples to allow
me understanding how to annotate.

I think the name entities/attributes covered are essential to

help understanding incident report of medication errors.

1 2 3 4 5

Overall #Part2 #Partl

Discussion

A purposeful mixing of quantitative and qualitative methods
was utilized in this study for data collection, data analysis and
evidence synthesis. We evaluated the validity of the annotation
guidelines for medication errors in incident reporting through
providing training to new clinical annotators whilst examining
their performance and collecting their feedback.

In general, the annotators accomplished the annotation tasks
with accuracy of an 90% or above and the annotators gained a
firm appreciation of the role of being an annotator. Participants
indicated that the annotation scheme is accessible and manage-
able and thus comprehensible for other healthcare profession-
als. Despite the fact that they had never used any annotation
platforms before, they felt comfortable to execute the annota-
tion tasks using brat. Feedback from the participants confirmed
that practice time with examples (with close supervision under
a small training group setting) is important to help to establish
annotation skills in practice. Participants felt more confident in
identifying NEs than assigning attributes to annotations. This is
because NEs are associated with the nature of medication use,
which is relatively intuitive, especially since medical doctors
have to deal with medication on a daily basis. However, in
terms of assigning attributes, it requires good understanding of
how the occurrence of incident progresses, through careful
reading the incident report.

One participant raised concerns about choosing the appropriate
wordings for annotation (i.e. the span). Another indicated that
some incident report descriptions were vague and unclear (as-
sociated with the selectivity and incompleteness problems
[27]), and that led to difficulties in distinguishing the nature of
intention and factuality. One suggested a clearly indicated and
intuitive pull-down menu view through the annotation platform
would be helpful to choose appropriate attributes.
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This study validated the use of the annotation method for inci-
dent report of medication errors and contributed to development
of taxonomy and classification system that caters for systematic
registering and capturing meaningful information of incident
reports [28]. All participants and experts agreed that uncovering
NEs and attributes are useful to systematically capture essential
patient safety elements. They also agreed that the guidelines of-
fer a systematic and structured means to review medication er-
ror reports.

With the recent advances in Al, such as neural network model-
ings, natural language processing, and named entity recognition
(NER) [11], our annotation guidelines provide a framework for
information retrieval directly from medication incident reports
and enable forthcoming supervised and semi-supervised learn-
ing opportunities to improve the classification of incident re-
ports [14; 29; 30] and register incident report data.

By the time of publication, our team has employed a company
specializing linguistic data construction (IR-Advanced Linguis-
tic Technologies Inc.) to create Japanese gold standard anno-
tated incident reports using the public data from the Japan
Council for Quality Health Care (JQ) and published the anno-
tated medication incident report data on open domain
(https://github.com/HongkuanZhang/IFMIR-Corpus). Through
this open source repository effort, we envision that well-vali-
dated Al-enabled NER and classification models could revolu-
tionise the way how we collect, utilise, and retrieve information
from incident reports in the future. One of the potential benefits
is to provide an opportunity to compare incident reports across
different institutions/collection system/countries and ultimately
capture free-text medication errors in a meaningful and struc-
tured manner.

The annotation guidelines (in English) are currently developed
for annotating Japanese reports, however, all the subject do-
main/patient safety-specific designs such as annotation ra-
tionale, NE identification and attribute identification would not
differ in an English report. Only certain language-specific se-
mantic role assignment and argument identification techniques,
(such as how to determine noun phrases) are different and there-
fore, the entire guidelines can be easily transferred to English
incident report usage. In the future, external validation using
medication errors incident reports from the world (such as
AIRS from Hong Kong [30]) could be possible. Due to the lim-
itation of training capacity and the need for high intensity su-
pervision, we adopted a focused learning group training ap-
proach in this instance.

Conclusions

In this study, we validated the use of a newly developed anno-
tation guidelines for incident report of medication errors
through a mixed methods approach. Both quantitative and qual-
itative evidence via annotation performance assessment, ques-
tionnaire surveys, and interviews were collected, analyzed and
synthesized. Our annotation guidelines provide a practical
framework for retrieving patient safety information directly
from medication incident reports.
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