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Analysis on Incident Data in Pharmacies

T. Sato, R. Okuya, M. Kimura, M. Ohkura, and F. Tsuchiya

Abstract—Japan Council for Quality Health Care collects
and discloses incident data in Japanese pharmacies, and do
medical safety measures such as providing information. In this
study, we analyzed the incident data, and found that the
collected data are inadequate to be analyzed to find meaningful
information. We also proposed the model which shows the
correspondences between underlying factors and human errors.

Index Terms—Human error, incident, pharmacy, text

mining.

1. INTRODUCTION

For years, even though we have conducted various
measures, medical accidents occur in medical field and we
need further measures to prevent them. Since various events
occur in medical field, it is difficult to precisely predict
accidents and take measures to prevent them in advance. The
powerful method to improve this situation is to analyze
medical accidents / incidents actually occurred in order to
highlight the potential accident factors, to consider
preventive measures. Medical incidents are the cases that
have the origin of accidents but did not become accidents as a
result. Because of this and Heinrich’s law, we expect to
obtain a lot of information by analyzing a large number of
incidents occur. From this viewpoint, the Ministry of Health,
Labour and Welfare and Japan Council for Quality Health
Care [1] have collected the incident data in Japanese
pharmacies since 2009 and analyzed them to discuss medical
safety measures.

The two organizations have analyzed the incident data by
utilizing the statistical method based on descriptive statistics,
such as aggregation of values of some attributes. Statistical
methods can, however, obtain only superficial information.
We need the essential information to take measures to
prevent incidents by identifying the risk factor which medical
accidents should involve. As such information, we can get
the condition of incidents by investigating the relationship
between the types of incidents and their background. The
data of incident cases include free description items, “the
case descriptions” and “the backgrounds and the factors™.
Since free description items include a lot of information, we
expect to obtain detailed information of the cases from the
items.
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In this study, we focus on one of the description items, “the
backgrounds and the factors”. This is because we firstly need
to understand what backgrounds and factors exist behind the
cases. In fact, the description in “the backgrounds and the
factors” for each case is categorized into a pre-defined
category in the item, “underlying factor”, by a reporter. If the
category assignment is adequate, we can use the category
instead of the descriptions, which makes the analysis easy.

In order to confirm the adequacy of the category
assignment, we aggregated the frequency of categories in
order to know what underlying factor mainly affects the
occurrence of the incidents.

Table I shows the result of the aggregate. We can see that
they categorized about 90% cases into “failure to check™ as
the underlying factor. It shows that they are likely to blame
for the person who caused the incident. In addition, in spite of
being possible to multiply choose items, 8298 cases were
categorized into only “failure to check”. It corresponds to
about half of the total. However, we should notice that
“failure to check” cannot be an essential factor that results in
the occurrence of the incidents but a factor related to
discovery of an error.

This suggests us the category assignment is problematic
from viewpoint that the category should fairly represent the
content in the descriptions of the item, “the backgrounds and
the factors™.

In this study, we investigated the correspondence between
the categories in “underlying factor” and the descriptions in
“the backgrounds and the factors” in more detail. We tried to
reassign each case to a proper category based on Naive Bayes
classifier, which is usually used to categorize sentences based
on word appearance.

TABLE I: THE FREQUENCY OF CATEGORIES IN "UNDERLYING FACTOR"

underlying factor % cases

failure to check 91.68 14103

busy work situations 21.0 3231

judgment errors 7.03 1081
immature technologies and manipulation 5.17 796
medicines 4.67 719
lack of knowledge 4.56 702
abnormal mental states 4.54 698
education and training 2.41 370
computer systems 2.28 351
abnormal physical states 1.75 269
deficiencies in the rules 1.4 216
fabric 0.91 140
insufficient cooperation 0.81 125
facilities and equipment 0.75 116
defect in records 0.62 96
insufficient explanation to a patient 0.4 61
various goods 0.14 21
patients 0.1 16
delayed reports 0.07 11
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I1. TARGET DATA

An incident fits one of the following three definitions
defined by Japan Council for Quality Health Care.

1) The case was found before being carried out, although

there was an error in medical care to the patient.

2) Although the error was not resolved before it affects the
patient, the patient received no impact, or need only a
minor treatment. The definition of minor treatments
includes disinfection, fomentation and administration of
analgesic drug and so on.

3) The case whose impact to the patient is unknown,
although an error was not resolved before it affects the
patient.

Our target data were medical incident data in Japanese
pharmacies collected and disclosed by Japan Council for
Quality Health Care from April in 2009 to March in 2011.
The data have the categorical items which include
"occurrence time", "overview of the case ", "underlying
factor" and so on, and free description items which include
"contents of the case ", "background and factors" and so on.
One should note that the sentences in free description items
are written in Japanese.

II1. METHOD

A. Classification to the Underlying Factors Based on
Naive Bayes Classifier

Naive Bayes classifier [2] is a supervised learning
classifier based on Bayes' theorem under the assumption of
conditional independence. Naive Bayes classifier performs
document classification based on the frequency of words in a
document. A document is classified into the class whose
label ¢ is obtained as follows:

€ =argmax, P(C)[ |, P07, 1C)- (0

where C is the label of classes, W is the word in the document
and n is the number of words in the document. P(C) is the
probability that the document belongs to the class C and
P(W|C) is the appearance probability of the word W if the
document belongs to Class C. Naive Bayes classifier can
achieve relatively high precision in spite of its simple
structure.

In this study, the classes correspond to the categories in the
item ‘underlying factor”, and the document is the
descriptions in the item "background and factors" for each
incident case.

If the reporters chose “failure to check” as an underlying
factor, the factors except for “failure to check” should be
essential factors that make the case occur. We estimated
underlying factors except for “failure to check” from
tendency of term frequencies in the description of the cases in
which the factors except for “failure to check” were chosen.
Assuming that there are correspondences between categories
in "underlying factor" and the words in the descriptions in
"background and factors", we tried to estimate a category that
the case should belong to by Naive Bayes classifier.

We should note that there were about 27% of the cases,
whose underlying factors were plurally chosen. We used the
cases for which reporters chose a single underlying factor as
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the training data, and the cases for which plural factors were
chosen as test data. Under this selection, precision should be
high, because the model only needs to estimate one of the
factors of the case in each of test data.

B. Resubstitution Estimate

Resubstitution estimate [3] is a method to evaluate
precision. It evaluates the reclassification precision of
training data used to train the classification model. It
generally gives us high precision. However, there is no
guarantee to achieve the same precision for the other data
than the training data.

In this study, we evaluated the validity of the model given
as Eq.(1) based on the resubstitution estimate. Though we
generally expect that the model achieve high precision, if not,
we should conclude that the training data are inadequate,
namely, they do not have sufficient information to correlate
the categories in “underlying factor” with the descriptions in
"background and factors".

C. Extraction of Characteristic Words Based on TF-IDF

TF-IDF [4] is a weight which measures characteristic
appearance of a word in documents and which is often used
in information retrieval and text mining. It is calculated as the
product of the term frequency and the inverse document
frequency. The term frequency measures how often a team
appears in a document. To prevent a bias that the frequency
of words tend to be high in a long sentence, we usually
employ normalization which divide the term frequency of the
given word by the maximum term frequency of any word in
the document. The inverse document frequency is a measure
to distinguish whether the word commonly or rarely appears
in documents. It is obtained by the logarithm of the quotient
of the total number of documents divided by the number of
documents containing the word. It tends to filter out
commonly appearing words.

In this study, we used TF-IDF to extract characteristic
words in the descriptions in "background and factors", in
order to investigate whether the existing categories in
“underlying factor” is sufficient to express the content of
descriptions in "Background and Factors” by comparison the
characteristic words with the categories.

IV. RESULTS

A. Classification to the Underlying Factors Based on
Naive Bayes Classifier

Table 11 shows the result of the classification. The column
“classified cases” shows the number of the cases whose
description in "background and factors” is classified to each
category in "underlying factor”". The column “relevant cases”
shows the number of cases which are classified to any of the
categories that reporters assigned. Precision is the ratio of the
number of relevant cases to the number of classified cases.
The precision of a classification is as low as about 38%.

B. Resubstitution Estimate

It is obvious that the low precision originates in a problem
of data or classifier. Since Naive Bayes classifier generally
achieves high precision, we assumed that the problem comes
from the training data. We confirmed this by performing
resubstitution estimate. Since a small number of a case data
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was not suitable for classification, the cases belonging to the
categories whose cases are 10 or less were excluded from
new training data. Table I1I shows result of the classification.
Recall is the ratio of the number of relevantly classified cases
to the number of cases which originally belong to the
category.

The result shows that precision of some categories was less
than 70%. Though, in general, precision should be high if we
re-classify training data, the resultant precision was low. This
suggests that the same words are associated to plural factor
categories and that there are few characteristic words to be
used to estimate a specific category. We can suppose that this
occurs because the content of descriptions for the cases are
similar to the meaning of plural factors other than the ones
chosen by pharmacist. This can occur because the names and
the definitions of the factors in the "underlying factor” are
ambiguous and because there are missing factor categories
that should be listed to describe the factors of the cases.

TABLE II: CLASSIFICATION TO THE OCCURRENCE OF MULTIPLE FACTORS

C.  Extraction of Characteristic Words Based on TF-IDF

Table I'V shows the top 20 TF-IDF values generated from
the descriptions in "background and factors". This table
shows that there are Japanese words about missing
underlying factors such as “EUyjAA” (prejudice), “AL 558
” (prescription) and “541 % 7 (forget).

The descriptions in the "background and factors" contain
the words that express human errors in Japanese such as "3
A" (mistake) and "R 7% & 9" (overlook). However, a
human error is defined as an error of human behavior with
unintended consequences [5]. This suggests that some of the
people who caused the incident might not have realized the
underlying factors, and considered that the underlying factor
is the behavior itself which is wrongly taken in the case.

Since human errors are not underlying factors but taken
behavior, they should not be described in "background and
factors". In addition, the categories in "underlying factor"
include the ones whose names express human errors such as
“failure to check” and “judgment error”. These findings show

TABLE III: TEST THE VALIDITY OF THE TRAINING DATA

underlying factor precision recall
busy work situations 0. 60 0.62
others 0.63 0.62
judgment errors 0.26 0.52
immature te;chno;ogies and 0 61 0 36
manipulation
abnormal mental states 0.76 0.50
lack of knowledge 0.73 0.52
medicines 0.64 0. 60
abnormal physical states 0. 84 0.56
insufficient cooperation 1.00 0.42
computer systems 1.00 0.29
deficiencies in the rules 1.00 0.30
defect in records 1. 00 0.18
facilities and equipment 1.00 0.26
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und(irg;;fﬁf;c)t o Clizssigm relevant cases pref;sw us that we need to improve the categories to make underlying
Judgment errors 545 31 033 factors distinct from human errors.
busy work situations 211 131 0.62
immature TABLE IV: EXTRACTION OF CHARACTERISTIC WORDS
technologies and 175 39 0.22 word TF-IDF word TF-IDF
manipulation TSRS B (insufficient 700.39 43(minutes) 168.85
abnormal mental 154 50 032 confirmation)
states fJi& 7 % (mistake) 320.72 583 (eror) 164.46
lack of knowledge 140 68 0.49 TE 534 (prejudice) 29694 | £ % (impatieny) | 15621
medicines 107 31 0.48 4> (nsufficient) 28171 | fCL a(busy) | 14851
abmrmf‘]tphysml 56 14 025 % & 7 (overlook) 269.59 % >(many) 14678
msz fﬁi;n - L 3A G (prejudice) 25645 | WiA(akeup) | 14325
cooperation 46 7 0.15 {EZE(work) 24477 #R#&(standard) 142.69
computer systems 39 11 0.28 5% (look) 23940 S B (forget) 13921
deficiencies S5 & (prescription) 23544 | {B3(congestion) | 136.72
in the rules 17 5 029 H (day) 202.59 [&(when) 131.25
defect in records 14 3 021 3 A(mistake) 189.30 | #£ ) (impatience) | 130.18
fabric 11 1 0.09 38 L y(misunderstanding) 186.13 H(package) 129.81
facili.ties and g 5 025 #25 (audit) 184.11 g (such) 121.13
equipment - ) 3 — h(sheet) 171.27 [B13& 1\ »(error) 116.71
insufficient QL J5IR 2 (prescription 169.04 TR 116.43
explanation to 8 1 0.13 content) (insufficiency)
a patient
educa'tlgn and i 1 1.00
traming
delayed reports 0 0 0.00
various goods 0 0 0.00 V. PROPOSAL
patients 0 0 0.00

We propose the systematic model of errors that clearly
distinguishes underlying factors from human errors. Let us
define three stages: human behaviors, human errors and
underlying factors. These stages are defined in reference to
Endsley's situation awareness model [6] and classification of
twelve types of human errors [7]. Human behaviors are
categorized into the following five stages in this model: (a)
perception of current situation, (b) comprehension of the
current situation, (c) projection of future status, (d) making
decision of actions, and (e) performance of actions.
Situational awareness is carried out in the first three stages.
Human behaviors are represented by the repeat of these five
stages. Human errors are based on the characteristic words in
"background and factors" and underlying factors are based
on existing “underlying factor” with additional factors such
as ‘"prejudice”, “defects in documentation (such as
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prescription)”, and “forgattery”. We grouped underlying
factors into the following four groups: factors from the
human conditions, factors affecting thinking, factors from
objects other than human beings and potential factors.

Fig. I shows the proposed model. It clearly shows the
correspondence between underlying factors and human

errors. By applying this model to each incident case, we
expect that the person who caused and/or reports an incident
can be aware of the underlying factor. For example, in the
case of the incident that Toradol is mixed-up as Tramadol,
our model suggests "drug name similarity" and "placement of
drug" as the underlying factors.

\

J

I stages of human behavior |

I human error I

.

defect = e
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Fig. 1. The model of errors

underlyingfactor

VI

In this paper, we analyzed pharmacy incidents data
disclosed by Japan Council for Quality Health Care.
Reporters categorized the underlying factors of about 90% of
the cases into “failure to check”. However, we should notice
that “failure to check” cannot be an essential factor that
results in the occurrence of the incidents but a factor related
to discovery of an error. We tried to estimate a category that
the case should belong to by Naive Bayes classifier.
However, this result shows that the model achieved only low
precision. We discussed this originates in the problems that
the names and the definitions of the factors in the "underlying
factor" are ambiguous and that there are missing factor
categories that should be listed to describe the factors of the
cases. In addition, the categories in "underlying factor"
include the ones whose names express human errors such as

CONCLUSION
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“failure to check” and “judgment error”. These findings
suggest that we need to improve the definitions of the factor
categories in the "underlying factor" which distinguish
fundamental underlying factors from human errors.

We proposed a systematic model of errors which focuses
on distinguishing and relating underlying factors and human
errors. It shows the causal relationships between underlying
factor and human error. We expect that, by applying this
model to real incident cases, the person who caused the
incident will be aware of true underlying factors.
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10030620101 | SsR—JLiESFO. 3g H=EEE H= injection original
10033830101 | RILOL R 1% o REEE EEiLZ inner ~generic
10033900101 | R U 1% HEEE g inner - original
10033900102 | N H U HIRI 1% EHE gEs inner original
10034060101 | AT U g2 - 5= . Ens inner - otiginal
10034200101 | FRAR-EES e [RElE inner . generic
10034200102 | FRAK/ 85 ' L L BEslE weEaE inner genetic
10034370101 | =5 /3A85melb—T | CEHAER BEHNER inner generic
10034370102 :*~7-ﬂﬂ;ﬁ5mg7 h—T1 RHER EGIE T inner generic
10034510101 | VAR &E5ms E—-=H B _inner . original
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10034680102 | ROV /82151 REE EREdE inner _generic
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10034750201 | /A OO —wdES F/NBE T/NEEE inner - = generic
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110037100301 | 7\ IVS A0, 25metE IZ7AT— 774 — inner original
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10037340101 | 7RO —F$20. 25 BE QL B QLR “inner generic
10037340201 | FRAOY—J880. 25 BEOLE) [BEX74)06T77—4 inner generic
10037410101 | AAUNA0. 25mefE = = inner - generic
10037410102 | AAUR0. 25medE = = inner generic
110037580101 | bUFSAEED. 25me Marfe T Nk T inner generic
10037580102 | FUTSAEE0Q. 25mg ik ik T inner generic
10037580103 | PUTSAEEQ. 25me ir{e T T inner generic
10037580104 | FUFSAEE0. 25mg b T N T inner ~ genetic
10037650101 | RART 8810, 25 RELZ EEES ‘inner - genetic
10037650202 | R AT /810, 25] REES ’?4 74% inner seneric
10037890201 | /8Jbl-F2,880.- 25mg. F/NEE FNElE inner generic
10037890202 | 7XJbb7A80. 25me /N F/NBIEE inner ~_generic
1110038020101 | > H(/80. 25msg HET HET - inner “genetic
10038020102 | S Y A/-880. 25ma HET HEET inner generic
10038260101 | Al —R&E1me I—YA I—=54 inner _original
10038260102 | HAl-—AEE1mg T—HA I~ inner origipal
10038330201 | OEF/—)LEE1 L] RS BT inner original
10038330202 | o7 /—)LEE1 - Fhy B s 2 inner original
10038400101 | EEYMI—X&ETme EB{= EE{Z inner generic
10038400102 | EEwhT—R&EImg - EE{LS RELE _inner generic
10038400201 j EEYPT—REEIme - EELE EES I UNVR inner generic
10038570101 | AL —RFE2mg I—H4 I—H4 inner otiginal
10038570102 | B AlL-—R&E2me I—~HFA -—'t*‘f inner __original
10038640201 | o7 /— 882 A gl G inner original
10038640202 | BT /—JL§E2 Fh oL gl Eﬂ?‘ %ﬁ inner —-_original
10038710401 | L \’)L«E);‘Si’O. 25mg CHAR—Y T~ | HAEN—U A~ inner _original
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110038880101 | &' S/.%;EO 25meg - == 77| ZEUNT7—% inner ~_genetic
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10038950101 | JOFVSA&E0. 25mel¥/3—1 PaAY S/\EIE inner generic
10039010101 | ¥ RMOSEE0. 25mg EHES BHNES inner generic




