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ABSTRACT

In Japan, a pharmacist who receives a physician’s prescription for a drug (1) checks
the medical and pharmacological validity of the prescription; (2) prepares the drug;
and (3) confirms that the drug has been prepared as prescribed, and that there are no
quality issues. The aforementioned checkpoints (1) and (3) are particularly important
for ensuring patient safety. Meanwhile, knowledge of checking is tacit and not shared
among pharmacists. Therefore, a pharmacist’s gaze was analyzed to identify checking
strategies based on expert gaze patterns. Gazing points in prescriptions during expert
checks were measured in a clinical setting. Four participants had 20–30 years of expe-
rience as pharmacists. Consequently, four check strategies were identified. However,
the check strategy differed, depending on the participant. This indicates that each phar-
macist in charge of checking prescriptions has a different strategy, and that there are
errors that are difficult to detect. In the future, it is necessary to verify the validity of
these strategies in terms of safety, and to develop methods to educate novices in a
well-balanced manner in each of these strategies.
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INTRODUCTION

Pharmacists play an important role in providing effective and safe medical
care (Arakawa, 2022). Countermeasures against unsafe or unjustified drug
treatments are a global healthcare safety issue. The World Health Organiza-
tion has set a goal of 50% reduction in drug-related avoidable harm globally
by 2022 (World Health Organization, 2017; Sheikh et al. 2019). There-
fore, various measures, including computerized drug ordering, barcode drug
matching, automated dispensing devices, and contraindicated drug-checking
systems, have been implemented to improve drug safety in hospitals (Hirano
et al. 2017; Kawamoto et al. 2009; Kunitsu et al. 2020; Shah et al. 2016).
However, medication errors continue to occur and cause serious harm to
patients (Council of Europe, 2007; Wahr et al. 2014). A total of 1,539 med-
ical incident reports were submitted to the Japan Medical Safety Research
Organization in five years to September 2020, of which 273 (17.7%) were
drug-related fatalities (Japan Medical Safety Research Organization, 2022).
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Additionally, >2,000 drug-related incidents are reported annually at the Jichi
Medical University Hospital.

In Japan, a pharmacist who receives a physician’s prescription for a drug
(1) checks the medical and pharmacological validity of the prescription; (2)
prepares the drug; and (3) confirms that the drug has been prepared as pre-
scribed, and that there are no quality issues. The aforementioned checkpoints
(1) and (3) are particularly important for ensuring patient safety. Many inci-
dents have been attributed to omissions in the detection of errors due to
inadequate prescriptions and drug checks.

Furthermore, efficient checking strategies are important. The workload of
pharmacists in many hospitals is high. For example, at the Jichi Medical Uni-
versity Hospital, approximately 20 pharmacists dispense >1,000 inpatient
medications daily. Medical care sophistication has increased the complexity
of pharmaceutical operations. There are many different prescription drugs,
and the time required to check each case is long. Novice pharmacists often
check drugs in busy situations. Novices also have expertise in pharmacies;
however, their knowledge and skills necessary for safe and efficient checking
are lacking and error-prone. Therefore, quality education on safety-related
operations is essential. However, in many hospitals, pre-graduate and novice
education are insufficient (Vosper and Hignett, 2018). For example, many
hospitals use manuals that summarize standard procedures (e.g., checking
drug specifications) for education. However, education on specific methods
(how to check) is left to each instructor, resulting in variation in education
quality. This is partly because the knowledge of safe and efficient checking is
tacit.

Therefore, the drug-checking strategies of expert pharmacists must be
identified and shared effectively and efficiently among pharmacists. This is
expected to allow novices to check and improve their dispensing accuracy and
operational efficiency. However, extracting tacit knowledge through simple
interviews is difficult. Some industries use expert gaze data to clarify tacit
knowledge (Morita et al. 2018; Udagawa 2020; Yamashita et al. 2019).

Hence, in this study, gaze analysis of pharmacists was performed to identify
check strategies based on expert gaze patterns.

METHODS

Gazing points during expert checks were measured in a clinical setting (see
Figure 1). Four participants had 20–30 years of experience as pharmacists.
Each participant wore an eye-mark recorder (Tobii Pro Glasses 2), and gaze
data were recorded during a 5-min check. Sampling rate was set at 100Hz,
and the four participants checked 24 prescriptions and drugs within 5 min.
Eye detection rate from the start to the end of the task was >60% for all
the four participants. Tobii Pro Studio (Tobii Technology, Inc., Stockholm,
Sweden) was used to analyze the gazing-point videos. The gaze points for
each participant were extracted by slowing down the gaze video to 1/16th
of the original speed. Based on previous studies (Fukuda et al. 1996) on the
definition of gaze point, we confirmed the gaze point by replaying the videos
frame by frame, and defined the gaze point as a pause of >0.133 s. Gazing
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duration, number of gazes at the area of interest (AOIs), and order of gazes
between AOIs were recorded.

First, gazing pattern at prescriptions, which is the most important source
of information during drug checks, was identified. Twenty-four prescription
checks were classified using factor analysis based on the duration of gazing
at 15 prescription AOIs (see Figure 2). Based on a scree plot, the number of
factors was set to four, and principal axis factoring and promax rotation were
used.

Figure 1: Experimental environment.

Figure 2: Prescription AOIs.

Next, a scan-path diagram was created to visualize 24 check gazings clas-
sified using factor analysis. This is a visualization of the percentage of gaze
duration for each AOI relative to the total gaze duration (percentage of gaze
duration), as well as the direction and number of movements between AOIs
(Aoki et al. 2019; Aoki and Suzuki, 2010; Itoh et al. 1998). First, the per-
centage of the gaze duration for each AOI was expressed in terms of the area
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of the circle. Next, for each AOI, the direction of gaze movement was repre-
sented by arrows. The thickness of the arrows corresponds to the number of
movements. The AOIs of the prescription are shown in Figure 2; the AOIs of
the medicine bag are patient name, drug name, prescription number, admin-
istration, dosage, days, date dispensed, pharmacist name, and precautions.
The AOIs of the drug are patient name, drug name, prescription number,
quantity of drug, packaging, imprint, and expiry date.

This study was conducted in accordance with the Declaration of Helsinki,
and was approved by the Ethics Review Committee of Jichi Medical Univer-
sity (23-005). We explained that consent to participate in the study could
be withdrawn at any time, that the results of this study would be published
after processing, and that the participants’ personal information would not
be revealed in the publication.

RESULTS

Table 1 summarizes the gaze data of the four experts. The number of AOIs
and mean number of eye movements in participants 2 and 4 tended to be
low, and the mean duration per fixation tended to be long. In other words,
participants 2 and 4 focused on referring to less information when checking.
Conversely, participants 1 and 3 had more information-based checks.

Table 2 shows the results of the factor analysis based on the gaze duration
at the prescription AOIs. Factor 1 consisted of three AOIs regarding adminis-
tration and precautions from a physician regarding dosage. Therefore, it was
referred to as detection of administration errors.

Table 1. Summary of gazing data for each participant.

Participant 1 Participant 2 Participant 3 Participant 4

Total duration of
fixation (s)

188.1 159.4 178.4 192.7

Number of
prescriptions checked
in 5 min

7 4 8 5

Number of AOIs
(Prescription and
medicine bag)

19 11 18 13

Mean number of eye
movements per
second

1.32 0.88 1.35 1.05

Mean duration per
fixation (s)

0.758 1.139 0.740 0.954

Factor 2 consisted of AOIs for understanding a patient’s disease, such as
information on the background of dispensing, patient’s age, and hospital
department. This was called the detection of inappropriate prescriptions for
symptoms.
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Table 2. Factor analysis pattern matrix based on gazing duration of AOIs on prescrip-
tion (principal axis factoring, promax rotation).

AOIs Factor 1 Factor 2 Factor 3 Factor 4

Factor 1: Detection of administration errors
Administration 0.986 0.052 −0.099 −0.042
Precautions 0.942 −0.137 0.2 −0.206
Dosage forms 0.728 0.092 −0.098 0.2
Factor 2: Detection of inappropriate prescription for symptoms
Pharmacist name 0.029 1.034 -0.267 0.048
Patient age −0.012 0.763 0.155 0.01
Hospital department −0.027 0.496 0.154 −0.361
Patient name −0.212 0.448 0.185 −0.113
Factor 3: Comprehensive checking
Specifications −0.138 0.174 0.755 0.352
Prescription number −0.012 −0.2 0.734 0.088
Patient height and weight 0.031 0.045 0.683 −0.288
Factor 4: Detection of dosage errors
Dosage −0.165 −0.038 0.092 0.827
Drug Name 0.384 0.017 0.056 0.746
Total amount 0.093 −0.058 0.325 0.411
Variance explained 4.469 2.157 1.397 1.057
Cumulative proportion of
variance explained (%)

29.80 44.17 53.49 60.54

Factor 3 consisted of the AOIs required for prescription validity and
prescription-to-medication matching, such as drug specifications, prescrip-
tion number, and patient height and weight. In other words, this information
was used to comprehensively check whether the physician is prescribing
correctly and whether the pharmacist has prepared the drug as prescribed.
Therefore, this was called comprehensive checking.

Factor 4 consisted of AOIs used to check the validity of the drug dosage.
This was called detection of dosage errors.

Table 3 lists the factor scores for each check. The relationships between
checks by participant 2 and factor 1, participant 3 and factor 2, and par-
ticipant 1 and factor 3 were strong. Participant 1 focused on AOIs for
comprehensive checking, participant 2 focused on AOIs for administration,
and participant 3 focused on AOIs for a patient’s disease. For factor 4 (AOIs
on dosage), all the participants gazed.

Table 3. Factor scores for each check (sub A-B: A is the participant number in Table 1,
and B is the check number).

Factor 1 Factor 2 Factor 3 Factor 4

Sub 2–4 4.330 −0.933 −0.729 1.594
Sub 2–2 0.552 −0.982 −0.771 0.165
Sub 4–1 −0.094 −0.935 −1.104 −0.132
Sub 3–4 −0.658 2.136 −0.421 −0.106

(Continued)
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Table 3. Continued

Factor 1 Factor 2 Factor 3 Factor 4

Sub 3–3 −0.723 1.934 −0.585 −0.314
Sub 3–6 −0.404 1.449 0.761 −0.266
Sub 3–7 −0.353 1.303 0.148 −1.403
Sub 3–5 −0.262 1.223 −0.347 0.871
Sub 3–8 −0.411 1.156 0.008 −0.273
Sub 3–2 −0.486 0.618 −0.008 −2.389
Sub 1–6 0.432 0.002 2.210 1.656
Sub 1–5 0.099 −0.352 1.969 −0.848
Sub 1–2 0.262 −0.106 1.095 −0.827
Sub 1–4 0.164 −0.567 1.056 −0.771
Sub 1–3 −0.728 −0.087 0.837 −1.550
Sub 1–1 −0.319 −0.055 0.351 −1.154
Sub 4–2 0.090 −0.789 −0.220 2.069
Sub 1–7 0.333 −0.242 0.458 1.709
Sub 2–3 −0.078 −0.983 −0.791 0.923
Sub 3–1 −0.414 −0.759 −0.213 0.786
Sub 4–3 −0.153 −0.864 −0.823 0.575
Sub 2–1 −0.346 −0.569 −0.472 0.080
Sub 4–4 −0.298 −0.830 −1.169 0.014

Figure 3: Typical scan path for factor 1 (detection of administration errors).

Figures 3–6 show the scan paths for the checks that are representative
of each factor. The grey circles indicate AOIs that are strongly related to
each factor. First, the scan path of factor 1 (see Figure 3) was simple, with
a small number of AOIs and eye movements between the AOIs. Administra-
tion and precautions were intensively gazed. Next, the scan path of factor
2 (see Figure 4) showed many eye movements between age, patient name,
department, and drug name on the prescription. In other words, after a thor-
ough understanding of the patient’s disease based on the prescription, the
consistency between the patient’s disease and drug was checked. The scan
path of factor 3 (see Figure 5) were the most AOIs in the prescription, and
they were exhaustively gazed at. The validity of the physician’s prescription
was checked based on the patient’s disease information, and the pharmacists’
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drug preparation errors were checked based on the drug specifications and
prescription number. The scan path of factor 4 (Figure 6) had a long gaze
duration for the drug name and dosage, concentrating on the information
necessary to validate the drug dosage. There was also frequent eye movement
between the name of the drug on the prescription and name of the drug on
the medication, as well as cross-checking of prescriptions and medications.

Figure 4: Typical scan path for factor 2 (detection of inappropriate prescription for
symptoms).

Figure 5: Typical scan path for factor 3 (comprehensive checking).

Figure 6: Typical scan path for factor 4 (detection of dosage errors).
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DISCUSSION

In this study, we identified a drug-checking strategy based on the gaze pat-
terns of expert pharmacists. Consequently, the following four check strategies
were identified:

The first check strategy focused on the detection of administrative errors.
Participant 2 was strongly associated with this strategy. Participant 2 tended
to have a lower number of AOIs, lower mean number of eye movements,
and longer mean duration of fixation than the other participants. As the scan
path is very simple, it focuses on detecting administration errors, thereby
making the check more efficient. Administration errors account for 34% of
preventable drug events (Bates et al. 1995; Raban andWestbrook, 2013). If a
physician’s instructions for administering medication are incorrect, the nurse
or patient who implements them may make errors that could cause serious
harm to the patient. These facts are considered important by experts, and as a
result, AOIs related to the prevention of administration errors are considered
important.

The second strategy emphasized the detection of prescriptions that are
inappropriate for the patient’s disease. Participant 4 was strongly associated
with this strategy. Participant 4 focused on information from the prescrip-
tion to understand the patient’s disease (patient age, hospital department,
etc.). Although contraindications between drugs can be easily detected by
electronic medical record systems, it is difficult to automatically check the
contraindications of drugs for a patient’s disease (Kunitsu et al. 2020), and
human checks by pharmacists are important. It is likely that the experts
were aware of this and focused their checks on patient information regarding
prescriptions.

The third strategy was to comprehensively check for prescriptions. Par-
ticipant 1 was strongly associated with this strategy. Participant 1 had the
highest number of AOI references for prescription. The validity of the pre-
scription by the physician and drug preparation errors by the pharmacist
were checked in a balanced manner. Generally, there are three types of safety
checks (Matsui et al. 2008). A surface check reconciles the prescription with
the matching drug. A logic check detects contraindications between drugs
and checks the logic based on these rules. A context check is used to detect
the drug’s validity for the patient’s disease and check its validity for the tar-
get situation. For proofreading, context check is more accurate than surface
check (Nihei et al. 2002). Pharmacists must balance surface and logic/context
checks (drug validity checks) (Japan Medical Safety Research Organization,
2022). The check strategy of participant 1 appeared to balance these forms
of checks.

The fourth strategy focused on drug dosage. This strategy was imple-
mented for all the participants. As with the first check strategy, the high
tendency of physician prescription errors regarding dosage was considered
important by all the experts.

Implementing these four check strategies in a balanced manner is essen-
tial. However, various experts employed different verification strategies. This
indicates that the accuracy of error detection depends on the pharmacist
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responsible for the check. Novice pharmacists are often trained by mentors
through on-the-job training (Kasashi et al. 2015). In other words, novices
may inherit only the check strategies of their assigned mentors and may not
learn all four check strategies in a balanced manner. In the future, it will be
necessary to develop educational methods to comprehensively transfer these
check strategies to novices.

This study has several limitations. The experimental environment was
not controlled because the gaze measurements were conducted in a clinical
setting. Specifically, the amount and content of drugs differed among the
patients, which may have affected the check strategy. Additionally, because
only experts were included in the study, it was not possible to verify whether
the results were expert-specific. In the future, novices should be added to the
participant population and their check strategies should be compared. Since
the number of the participants were four, the check strategies should be con-
sidered individualized, and the number of participants should be increased in
future studies.

CONCLUSION

In this study, pharmacists’ gaze was analyzed to identify check strategies
based on expert gaze patterns. Consequently, four check strategies were iden-
tified. In the future, it will be necessary to verify the validity of these strategies
in terms of safety and develop a method for comprehensively educating
novices on these strategies.
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