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Abstract

Background: Pharmacists must understand the mechanisms by which dispensing errors occur and take appropriate
preventive measures. In this study, the gaze movements of pharmacists were analyzed using an eye-tracking method,
to elucidate the thinking process of pharmacists when identifying target drugs and avoiding dispensing errors.

Methods: We prepared verification slides and projected them on a large screen. Each slide comprised a drug rack
area and a prescription area; the former consisted of a grid-like layout with 55 drugs and the latter displayed dispens-
ing information (drug name, drug usage, location number, and total amount). Twelve pharmacists participated in the
study, and three single-type drugs and six double-type drugs were used as target drugs. We analyzed the pharmacists’
method of identifying the target drugs, the mechanisms by which errors occurred, and the usefulness of drug photo-
graphs using the error-induction (—) /photo (+4), error-induction (+) / (4), and error-induction (4) /photo (=) models.

Results: Visual invasion by non-target drugs was found to have an effect on the subsequent occurrence of dispens-
ing errors. In addition, when using error-induction models, the rate of dispensing error was 2.8 and 11.1% for the
photo (4) and photo (—) models, respectively. Furthermore, based on the analysis of eight pharmacists who dis-
pensed drugs without errors, it was clear that additional confirmation of “drug name”was required to accurately iden-
tify the target drug in the photo (+) model; additionally, that of “location number”was required to pinpoint directly
the position of target drug in the photo (—) model.

Conclusions: By analyzing the gaze movements of pharmacists using the eye-tracking method, we clarified phar-
macists'thinking process which was required to avoid dispensing errors in a complicated environment and proved
the usefulness of drug photographs in terms of both reducing the complexity of the dispensing process and the risk
of dispensing errors. Effective measures to prevent dispensing errors include ensuring non-adjacent placement of
double-type drugs and utilization of their image information.

Keywords: Eye-tracking method, Thinking process, Dispensing errors, Complicated dispensing environment, Error-
induction model

Background

Pharmacists must dispense a large number of drugs cor-
rectly and quickly within a predetermined time for each
patient’s medical therapy, and accurate dispensing is
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arguably one of the most important steps when providing
medical care. Consequently, medical institutions make
notable efforts to prevent erroneous dispensing of medi-
cation [1-12]. In Kyushu University Hospital, due to the
continuous efforts to prevent near misses and dispens-
ing errors, the incidence rate of patients using incorrect
drugs has been maintained at 0.038% or less since 2006
[13-19]. However, as “human beings can make mistakes,’
the prevention of all human errors is extremely difficult.
Accordingly, dispensing operations have become mecha-
nized in many medical institutions, such as with one-
dose package machines. However, pharmacists continue
to have many opportunities that require manually dis-
pensing drugs. Therefore, pharmacists need to take con-
crete measures to prevent dispensing errors and strive to
maintain an environment that promotes safe dispensing,
in parallel with the positive introduction of mechanical
support. Thus, pharmacists must know in advance what
kind of circumstances (drug type, drug arrangement,
and drug position) are most associated with dispensing
errors.

The verification method used in this study was based
on a previously reported method: Elucidation of Occur-
rence Mechanism of Dispensing Errors Based on Gaze
Movement of Pharmacists Using Eye Tracking Method,
Jpn J Pharm Health Care Sci [20], in which we clari-
fied the basic confirmation of target drugs by using the
eye-tracking method to analyze the gaze movements of
12 pharmacists. Eye-tracking uses sensor technology to
detect a person’s eye movements and follows what the
person is looking at in real-time. In the previous study,
we revealed the following points by changing the place-
ment (left or right area) of the target drugs and/or using
three error-induction models, such as those designed to
locate “double-type drugs” adjacent to each other or diag-
onally to the left or right of each other. First, the com-
plexity of the dispensing process is based on “single-type
drug < double-type drug; and left area < right area” Sec-
ond, locating “double-type drugs” diagonally to the upper
right is effective in avoiding the dispensing errors. Third,
pharmacists can change the confirmation timing of the
“total amount” in the prescription area according to
the circumstances. However, the errors associated with
“double-type drugs” are still prevalent and often have a
negative impact on patients. Hence, in this study, we
investigated the gaze movements of pharmacists in detail
by dividing the dispensing information into four catego-
ries (drug name, drug usage, location number, and total
amount). We also analyzed the differences in error occur-
rence among three models: error-induction (—)/photo
(4); error-induction (+)/photo (+); and error-induction
(4+)/photo (—) to clarify the causes of near misses and
dispensing errors. Furthermore, we analyzed the gaze
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movements of pharmacists who dispensed drugs without
errors to clarify the thinking processes required to avoid
dispensing errors. This study differs from previous stud-
ies as it analyzed the confirmation procedure of dispens-
ing information in great detail, proved the usefulness of
drug photographs when displayed in complicated envi-
ronments, and clarified the thinking process of pharma-
cists required to avoid dispensing errors.

Methods

Verification using the eye-tracking system

Eye-tracking is a method of verifying gaze movements by
detecting the corneal reflex of infrared rays and is used in
various fields, such as medicine, psychology, and cogni-
tive science [21-24]. We investigated the gaze movements
of pharmacists during the dispensing process using the
eye-tracking method. Verification was conducted under
the direction of research advisors (Kimochi Labo, Inc.),
who were considered eye-tracking system experts, and a
glasses-like eye tracker (Eye Tracking Glasses 2.0, SMI,
Teltow, Germany) was used. In this investigation, we
projected an inverted image from the backside of a large
transparent screen (120cm x 160cm), and the drug rack
area on the screen was almost the same scale as one in
an actual dispensing environment (80cm x 160cm). The
coordinates (x, y) on the large screen were set as follows:
the upper left (0, 0), lower left (0, 960), and upper right
(1280, 0). Gaze movements obtained by eye-tracking
were mainly classified as fixation (stagnation for a cer-
tain time) and saccade (quick movements of the eyeballs).
In this study, fixation and saccade were judged from the
viewpoint coordinates (px) on the x and y axes accord-
ing to the study method described by Buscher et al. [25].
Additionally, fixation in this study was defined as using a
20-pixel window and stagnation for a minimum duration
of 100 ms.

Target persons and target drugs

The inclusion criteria for pharmacists in this study were
as follows. First, pharmacists should be able to read the
dispensing information displayed on the large screen
with their naked eyes or while using soft contact lenses;
this was an essential criteria required for accurate eye
movement measurement. Second, pharmacists should
have more than 2 years of dispensing experience at the
Kyushu University Hospital; this was essential to main-
tain the quality of verification above a certain level.
Lastly, pharmacists should agree to participate in this
study. The drugs used in this study as target drugs were
the single-type drugs (three drugs) and double-type
drugs (six drugs) dispensed in our hospital. Here, “single-
type drug” refers to the drugs available in only one form
in our hospital, while “double-type drug” refers to a pair
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of drugs with the same name (character part) but differ-
ent ingredient quantity (number part). The single- and
double-type drugs were as follows:

Single-type drugs: Medrol® 4mg tablet, Pariet®
10 mg tablet, FEurodin® 2 mg tablet.

Double-type drugs: Decadron® 4mg tablet, Take-
cab® 10 mg tablet, Benzalin® 2 mg tablet.

Lixiana® 30 mg tablet, Takecab® 20 mg tablet, Benza-
lin® 5mg tablet

Preparation of verification slides

The slides used for verification in this study were cre-
ated using Microsoft® PowerPoint® 2016. By dividing the
verification slide into a drug rack area (upper part) and
a prescription area (lower part), we were able to investi-
gate the gaze movements of pharmacists in the dispens-
ing process using a single slide. The target drugs on each
slide were either three single-type drugs or three double-
type drugs. The drug rack area in the upper part of the
slide was a grid-like rack composed of 5 rows x 11 col-
umns, and each cell contained a name label of the drug
and a color photograph of two tablets in a press-through
package (PTP) sheet or a grey illustration of them. There
were 55 drugs (including three target drugs), excluding
powerful and poisonous drugs, displayed in the drug rack
area. In addition, the drugs with the same initial charac-
ter, the same ingredient quantity (number part), and sim-
ilar appearance as a target drug were not displayed in the
same row as the target drug. Furthermore, the three tar-
get drugs were not displayed in the outermost cells of the
5 rows x 11 columns grid, and not located in the same
row and column (2-02, 3-03, 4—04). In the prescription
area present in the lower part of the slide, each piece of
dispensing information (drug name, drug usage, location
number, and total amount) for three target drugs was dis-
played. The “drug usage” was either “1 T/after breakfast”
or “1T/before sleeping,” and the same numeric character
was not used repeatedly in the verification of each target
drug to avoid confusion. Details of the dispensing infor-
mation are presented in Table 1.

Verification outline

The verification outline when using the eye-tracking
method is shown in Fig. 1. A pharmacist, with his/her
forehead and chin fixed, was seated on a chair 200cm
from the large screen. In addition, pharmacists were
allowed to practice with training slides in advance to get
used to the verification process. Furthermore, smooth
dispensing, as usual, was prioritized in this verification,
and if a pharmacist noticed a mistake in the dispensing
process, he/she was allowed to correct it immediately.
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In this way, we analyzed a series of processes, from con-
firming the dispensing information in the prescription
area (40cm x 160 cm) to pointing at the target spot in the
drug rack area (80 cm x 160 cm).

1) A pharmacist waits while gazing at a given position.

2) An assistant in this study switches to a verification
slide according to the “Next” signal indicated by the
pharmacist.

3) The pharmacist reads out the “total amount” of a tar-
get drug while pointing at the target spot and repeats
this process a total of three times.

4) The assistant switches to a rest slide according to the
“Next” signal indicated by the pharmacist.

5) The verifications, using more than 15 slides, are
repeated with voluntary breaks.

Verification items

In this study, four verification items were used in the pre-
scription area: (a) drug name, (b) drug usage, (c) location
number, and (d) total amount; therefore,12 checkpoints
(4 items x 3 target drugs) were present. Additionally, in
the drug rack area, (e) target spot was used as an item;
therefore, 3 checkpoints (1 item x 3 target drugs) were
present. We investigated the gaze frequency for (a)—(e),
as well as the number of (f) vertical movements between
the two areas. Furthermore, we investigated the length
of dispensing time required to identify the three target
drugs.

1) In the prescription area
(a) drug name, (b) drug usage, (c) location number,
(d) total amount
2) In the drug rack area
(e) target spot
3) Between the prescription area and drug rack area
(f) vertical movement

Setting the normal models

We set up four normal models (groups A, B, C, and D)
to investigate the gaze movements of 12 pharmacists and
analyze the basic process of identifying the target drugs.
A pair of a single-type drug and a double-type drug in
groups A and B (likewise, those in groups C and D) had
the same efficacy, the same ingredient quantity (num-
ber part), and the same position but had different names
(character part). In addition, single-type drugs in groups
A and C (likewise, double-type drugs in groups B and D)
were the same, but their positions were shifted six rows
to the right and left. Detailed information on the follow-
ing four groups and the arrangement of the target drugs
are shown in Table 1 and Fig. 2.
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Table 1 List of verification information

(2022) 8:23

Page 4 of 13

object group drug type

comparison drugrack area prescription area

(position) group
error- drug name drug usage location number total amount
induction /
drug photo
A single-type drug (left area) B -/ + Medrol 4mg 1T/ after breakfast ~ 2-03 15
Pariet 10mg 1T/ after breakfast ~ 4-02 13
Eurodin2mg 1T/ before sleeping 3-04 19
B double-type drug (left A -/ + Decadron4mg 1T/ after breakfast ~ 2-03 15
area)
Takecab 10mg 1T/ after breakfast ~ 4-02 13
Benzalin2mg 1T/ before sleeping 3-04 19
C single-type drug (right D -/ + Medrol 4mg 1T/ after breakfast ~ 2-09 15
area)
Pariet 10mg 1T/ after breakfast ~ 4-08 13
Eurodin2mg 1T/ before sleeping 3-10 19
D double-type drug (right C -/ + Decadron 4mg 1T/ after breakfast ~ 2-09 15
area)
Takecab 10mg 1T/ after breakfast ~ 4-08 13
Benzalin2mg 1T/ before sleeping 3-10 19
E double-type drug (center  F -/+ Takecab 20mg 1T/ after breakfast ~ 4-07 15
area)
Lixiana30mg 1T/ after breakfast ~ 2-05 18
Benzalin5mg 1T/ before sleeping 3-06 12
F double-type drug (center  E, G +/+ Takecab 20mg 1T/ after breakfast ~ 4-07 15
area)
Lixiana30mg 1T/ after breakfast ~ 2-05 18
Benzalin5mg 1T/ before sleeping 3-06 12
G double-type drug (center  F +/- Takecab 20mg 1T/ after breakfast ~ 4-07 15
area)
Lixiana30mg 1T/ after breakfast ~ 2-05 18
Benzalin5mg 1T/ before sleeping 3-06 12

Object group, drug type, prescription information (drug name, drug usage, location number, total amount), etc. are displayed. The indication method for “drug usage”
was either “1T/after breakfast” or “1 T/before sleeping,’ the same numeric character was not used repeatedly in the verification of each target drug. “Location number
(4-07)", for example, means that the target drug is located at the 4th from the top, the 7th from the left.“Total amount” indicates the number of tablets to be collected

Group A: single-type drug/photo (+)/left area
Group B: double-type drug/photo (+)/left area
Group C: single-type drug/photo (4)/right area
Group D: double-type drug/photo (4)/right area

Setting the error-induction models

In this study, “double-type drugs” referred to a pair
of drugs with the same name (character part) but dif-
ferent ingredient quantity (number part), and drugs
other than the target drugs (the other half of double-
type drugs) were referred to as “non-target drugs” By
arranging the non-target drugs on the right side of
the target drugs, we created a complicated environ-
ment (so-called “error-induction model”) in which
near misses and dispensing errors were likely to occur.
The presence or absence of error-induction and drug

photographs in the three models (groups E, F, and G)
are shown below. Detailed information on the follow-
ing three groups and the arrangement methods of the
target drugs are shown in Table 1 and Fig. 2.

Group E: double-type drug /error-induction (—)/
photo (4)/center area
Group F: double-type drug /error-induction (+)/
photo (+)/center area
Group G: double-type drug /error-induction (4)/
photo (—)/center area

nu

Definition of “visual invasion,”“near miss,” and “dispensing
errors”

During the verification process, when a pharmacist
visually recognized a non-target drug, it was defined
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Fig. 1 Outline of the verification process used with the eye-tracking method. Coordinates (x, y) on the large screen were set up upper left (0, 0),
lower left (0, 960), and upper right (1280, 0). Fixation and saccade were judged from the viewpoint coordinates (px) on the x and y axes obtained by
the eye tracker. We analyzed a series of processes, from confirming the dispensing information in the prescription area (40cm x 160.cm) to pointing
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as a “visual invasion” Additionally, when they pointed
at a drug other than the target drug or read out the
incorrect total amount, it was defined as a “dispens-
ing error” Furthermore, when they realized that there
was a dispensing error and corrected it immediately, it
was defined as a “near miss” Furthermore, to determine
whether visual invasion occurred, we checked for the
presence or absence of gazing at each of the non-target
drugs, and divided the number of times gazing at non-
target drugs by 36 (3 points x 12 pharmacists) to calcu-
late the occurrence rate. Likewise, the occurrence rates
of “near miss” and “dispensing error” were calculated
using the same method. Accordingly, we investigated
the differences in error occurrences between groups E
and F, and between groups F and G to analyze the fac-
tors involved.

Selection of pharmacists with no dispensing errors
To analyze in detail the best confirmation methods for
dispensing to avoid errors in complicated environments,

we re-defined the three groups (E; F/, and G’) by exclud-
ing the data of pharmacists who showed errors in
dispensing. Accordingly, we investigated the gaze move-
ments of pharmacists who performed dispensing with-
out errors and analyzed the difference in the thinking
processes of the pharmacists, which led to them to avoid
dispensing errors between groups E’ and F/, and between
groups F and G

Data analysis

Gaze coordinates (px) and gaze classification (fixation,
saccade) data in Excel format, and the motion picture
data recorded from the gaze movements of the 12 phar-
macists were provided by the research advisors. Using
these data, we analyzed the gaze frequency in the pre-
scription and drug rack areas, the number of vertical
movements between the two areas, and the length of dis-
pensing time. Verification data were indicated using the
mean =+ standard deviation of subjects and analyzed using
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Fig. 2 Arrangement of the three target drugs in the drug rack area. A single-type drug and a double-type drug in groups A and B (likewise, those in
groups C and D) have the same efficacy, the same ingredient quantity (number part), and the same position. The single-type drugs in groups A and
C (likewise, double-type drugs in groups B and D) are the same; however, they are shifted six rows in the right and left directions. The double-type
drugs in groups E, F, and G are the same and they have the same arrangement, while non-target drugs in groups F and G are located on the right
side of the target drugs. There are no drug photographs in group G, and grey illustrations are displayed instead

paired t-tests to obtain the significance; P values of <0.05
were considered statistically significant. Fisher’s exact
test was used to analyze the differences in the occurrence
rates of visual invasions, near misses, and dispensing
errors between the two error induction models. Pearson’s
correlation coefficient test was used to analyze the cor-
relation of the verification data between the items in each
group. The paired ¢-test, Fisher’s exact test, and Pearson’s
correlation coefficient test were performed using the JMP
version 16 statistical software.

Ethical considerations

This study was approved by the Clinical Trials Ethics
Committee of Kyushu University Hospital (approval
number: 29066). The pharmacists were given a prior
explanation of the research content, and their writ-
ten consent was obtained. In carrying out this research,

they complied with the Ethical Guidelines for Medical
Research for Humans.

Results

Basic information for the 12 pharmacists and verification
data

The participants in this study included 12 pharmacists
(6 men and 6 women). The average age of the pharma-
cists was 31.8+4.0years old, and they were all right-
handed. The average period of dispensing experience was
7.5£4.3years. In addition, on the basis of the motion pic-
ture data of the 12 participants provided by the research
advisors, we could judge various situations such as gazing
point (center point in circle), gazing time (size of circle),
and gaze movement (line between the center points in
circles) of 12 pharmacists, as shown in Fig. 1.
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Analysis of the gaze movements in normal models

To clarify the ordinary thinking processes of the 12 phar-
macists, we analyzed their gaze movements using four
normal models (groups A, B, C, and D). The gaze fre-
quency for (a) drug name, (b) drug usage, (c) location
number, (d) total amount in the prescription area, (e) tar-
get spot in the drug rack area, and (f) vertical movement
between the two areas are shown below. The lengths of
the dispensing time in four normal models (groups A,
B, C, and D) were 14.3£3.1, 16.6+4.5, 17.8+4.3, and
20.0+4.5s, respectively.

Group A: (a) 3.840.9, (b) 3.0+0.7, (c) 3.3£0.6, (d)
57411, (e) 53+1.3, (f) 10.6 £ 2.7

Group B: (a) 46+ 1.3, (b) 3.3+ 1.1, (c) 40+ 1.5, (d)
6.21.4, (e) 6.7 2.6, (f) 11.8 £ 3.2

Group C: (a) 3.8£0.5, (b) 3.3£0.8, (c) 3.34+0.5, (d)
6.00.9, (e) 6.3+2.0, (f) 11.8 £ 2.4

Group D: (a) 45+1.2, (b) 3.5£0.8, (c) 4.3+ 1.5, (d)
6.84£0.7, (e) 7.3+1.7, (f) 13.14£2.2

The relationship of the gaze movements between
groups A and B on the left area is shown in Fig. 3A and
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that between groups C and D on the right area is shown
in Fig. 3B (n=12). Among these results, a significant
difference was observed in (a) drug name on the left
area (P=0.043). Moreover, significant differences were
observed in (a) drug name, (c) location number, and (f)
vertical movement on the right area (P=0.032, P=0.042,
and P=0.021, respectively). Likewise, significant differ-
ences were observed in the lengths of the dispensing time
between groups A and B, and between groups C and D
(P< 0.001 and P=0.003, respectively). In addition, there
were no near-misses or dispensing errors in these four
groups.

Analysis of “visual invasion,”“near miss,” and “dispensing
error”

To clarify the differences in the error occurrences in the
dispensing process, we analyzed the gaze movements of
12 pharmacists using three models: error-induction (—)/
photo (+), error-induction (+)/photo (+), and error-
induction (+)/photo (—). The relationship between the
occurrence rates of “visual invasion,” “near miss, and
“dispensing error” in groups E, F, and G is shown in Fig. 4
(n=12). There were no “visual invasion” data for group E

l:| (b) drug usage
(e) target spot

. (a) drug name

A

20 +

gaze, vertical movement (frequency)

group A
single-type drug

group B
double-type drug

<left area >

. (c) location number

l:l (d) total amount

. (f) vertical movement

(B)

20 +

gaze, vertical movement (frequency)

group D
double-type drug

group C
single-type drug

<right area >

Fig. 3 Analysis of the gaze movements in normal models. The gaze movement relationships using four normal models are shown on the left area
(A) and right area (B). Among these results, a significant difference in (a) drug name between groups A and B on the left area is observed (P=0.043).
Likewise, significant differences in (a) drug name, (c) location number, and (f) vertical movement between groups C and D on the right area are
observed (P=0.032, P=0.042, and P=0.021, respectively). * P<0.05 using a paired t-test
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Fig. 4 Analysis of “visual invasion,“near miss,"and “dispensing error” The occurrence rates of “visual invasion,“near miss,'and “dispensing error”in
groups E, F, and G are shown. The occurrence rates of “visual invasion” by non-target drugs in groups F and G are 50.0 and 58.3%, respectively. The
occurrence rates of “near-miss”in groups E, F,and G are 0, 2.8, and 2.8%, respectively, and all are mistakes concerning “total amountThe occurrence
rates of “dispensing error”in groups E, F, and G are 0, 2.8, and 11.1%, respectively, and all are instances of misrecognizing “non-target drugs” as target
drugs

as there were no error-inductions. The occurrence rates
of “visual invasion” by non-target drugs in groups F and
G were 50.0% (18/36) and 58.3% (21/36), respectively.
The occurrence rates of “near-miss” in groups E, F, and G
were 0% (0/36), 2.8% (1/36), and 2.8% (1/36), respectively,
and all were mistakes associated with (d) total amount.
Furthermore, the occurrence rates of “dispensing error”
in groups E, F, and G were 0% (0/36), 2.8% (1/36), and
11.1% (4/36), respectively, and all were attributed to the
misrecognition of “non-target drugs” located on the right
side of the target drugs. In addition, there was no sig-
nificant difference in the occurrence rates of visual inva-
sions, near misses, or dispensing errors between groups
GandE

Analysis of gaze movements required to avoid dispensing
errors in error-induction models

To clarify the thinking processes required to avoid dis-
pensing errors, we reanalyzed the gaze movements of
pharmacists who dispensed without errors. First, we
re-defined the three groups (E, F/, and G’) by excluding

the data of four pharmacists who showed errors in dis-
pensing. The occurrence rates of “visual invasion” in
groups F' and G’ were 41.7% (15/36) and 50.0% (18/36),
respectively (n=28). Second, the gaze frequency of (a)
drug name, (b) drug usage, (c) location number, and (d)
total amount in the prescription area, (e) target spot in
the drug rack area, and the number of (f) vertical move-
ments between the two areas are shown below. The
lengths of the dispensing time in groups E, F/, and G’
were 19.4+4.2, 20.6 £2.8, and 23.0 £ 5.0, respectively.

Group E: (a) 4.5+ 1.4, (b) 3.54+0.8, (c) 4.0+0.9, (d)
59+14,(e) 6.6+1.4,(f) 12.8£2.4

Group F’: (a) 6.3+2.0, (b) 3.4+0.7, (c) 3.5+£0.8,
(d) 6.3+1.0, (e) 7.6 1.7, (f) 14.8 £3.0

Group G’: (a) 5.8+1.6, (b) 39+1.4, (c) 5.1£1.5,
(d)6.9+22,(e) 7.3£1.8,(f) 13.4+3.6

The relationship of the gaze movements of eight phar-
macists who dispensed without errors between groups
E’ and F’ is shown in Fig. 5A, and that between groups
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Fig. 5 Analysis of the thinking process required by the pharmacist to avoid dispensing errors. The gaze movements of eight pharmacists who
dispensed without errors are shown between groups E'and F’ (A), and those between groups F/ and G’ (B). Among these results, a significant
difference in (a) drug name between groups E'and F/ is observed (P=0.002). Likewise, a significant difference in (c) location number between

groups F"and G'is observed (P=0.048). *P < 0.05 using a paired t-test

F’ and G’ is shown in Fig. 5B. Among these results, a
significant difference was observed for (a) drug name
between groups E’ and F' (P=0.002). Likewise, a sig-
nificant difference was observed for (c) location num-
ber between groups F' and G’ (P=0.048). Furthermore,
a strong positive correlation between (e) target spot
and (f) vertical movement was observed in groups E’
(r=0.82, P=0.012), F' (r=0.77, P=0.026), and G’
(r=0.94, P=0.0005).

Discussion

In this study, we aimed to elucidate the thinking process
of pharmacists in both simple and complicated environ-
ments by utilizing eye-tracking analysis, to clarify the
method of identifying target drugs and the mechanisms
of error occurrence in the dispensing process. Our study
revealed that adjacent placement of similar drugs had an
effect on the subsequent occurrence of dispensing errors;
furthermore, the elimination of image information (drug
photographs) increased these errors. The findings of
our study showed that pharmacists were able to change
their method of identifying target drugs according to
the circumstances, as they tended to depend on “what

(drug name)” under error-induction (+)/photo (+), but
on “where (location number)” under error-induction
(4+)/photo (—). In other words, the thinking processes
of pharmacists depend on the dispensing environment
and have an impact on the method of identifying tar-
get drugs. Therefore, this study proved the usefulness of
drug photograph displays by using photo (+) and (—)
models, unlike the previous study that used only photo
(4+) models. Moreover, this study clarified the reasons
for additional confirmation of “drug name” and “location
number” in the prescription area, and the detailed analy-
sis of the confirmation procedure of dispensing informa-
tion elucidated the thinking process necessary to avoid
dispensing error.

First, we analyzed the gaze movements of 12 pharma-
cists in a simple dispensing environment using four nor-
mal models (groups A, B, C, and D). The results revealed
that the confirmation frequency of (a) drug name on
the left area, (a) drug name, (c) location number, and (f)
vertical movement on the right area increased signifi-
cantly in the relationship of “single-type drug < double-
type drug” (Fig. 3A, B). On the basis of these results, we
conducted a detailed analysis of the gaze movements of
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pharmacists to clarify why the confirmation frequency of
(a), (), and (f) increased. First, the additional confirma-
tions of (a) drug name before / after shifting the visual
line to (e) target spot were found to be groups A (3 / 7),
B (5/14),C(2/7),and D (5 / 13), respectively. More
than 73% (41/56) of them were after visually recogniz-
ing the target drugs in the drug rack area, suggesting
that the additional confirmation of (a) drug name was a
post-check to reconfirm that the target drug specified by
the pharmacist was correct. Second, additional confir-
mations of (c) location number before / after shifting the
visual line to (e) target spot were found to be groups A (2
/1),B(11/1),C(3/1),and D (12 / 2), respectively. More
than 84% (28/33) of them were before visually recogniz-
ing the target drugs in the drug rack area, indicating that
the confirmation of (c) location number would be used
only to pinpoint (e) target spot and was not necessary
thereafter. Furthermore, it was likely to be difficult for the
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pharmacists to process the numerical information of (c)
location number in the relationship of “single-type drug
< double-type drug” This is because the frequencies of
additional confirmation of (c) location number were the
above-described relations on both the left and right areas
even though the target drugs were located at the same
spots. Third, the rates of the visual line passing through
(e) target spot in the drug rack area were found to be
groups A (22.2%), B (36.1%), C (38.9%), and D (52.8%),
they were also in the order “single-type drug < double-
type drug (group A < group B, group C < group D) The
relationship between the additional confirmation timing
of (c) location number in the prescription area and the
rate of passing through (e) target spot in the drug rack
area is shown in Fig. 6. These results suggested that the
concentration of consciousness toward “double-type
drug” had a negative influence on the processing capac-
ity for (c) location number, which further reduced the
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Fig. 6 Relationship between the additional confirmation timing of (c) location number and the rate of passing through (e) target spot. Additional
confirmation frequencies of (c) location number in the prescription area are increased in the order “single-type drug < double-type drug,’on both
the left area (A) and right area (B). Likewise, the rates of the visual line passing through (e) target spot in the drug rack area are groups A (22.2%), B
(36.1%), C (38.9%), and D (52.8%), and they are also in the order “single-type drug < double-type drug (group A < group B, group C < group D). The
former and the latter are used as the indicators for instances when a pharmacist cannot process (c) location number and pinpoint (e) target spot in
a single confirmation, respectively
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accuracy of pinpointing (e) target spot. In addition, this
tendency was more remarkable on the right area than
on the left area (Fig. 6A, B). As a matter fact, the loca-
tion number itself (4—07, 2-05, 3—06) plays a role in the
“translation code” which converts the numerical infor-
mation into the position information; therefore thinking
faculties such as memory, conversion, and storage are
essential to pinpoint the accurate position of the target
drug. It has also been reported that the memory capacity
of a human is limited, for example, the amount of infor-
mation that can be stocked as short-term memory is 7 42
items, and subsequent research has reported the amount
of information to be limited to 441 items; however, this
information gets erased with the passage of time or the
intervention of other information [26—28]. Therefore, it
is not surprising that pharmacists need to consider more
as the location number becomes more complex. In this
way, it is considered that the complexity of dispensing
work becomes additively or synergistically remarkable
under the influence of both the type and position of the
target drug. Moreover, the cumulative complexity of the
confirmation process on the right area led to a significant
increase in (f) vertical movement (Fig. 3B).

In the next step, to clarify the causes of near misses and
dispensing errors, we analyzed the differences in error
occurrences using three models: error-induction (—)/
photo (+4), error-induction (+)/photo (+), and error-
induction (+)/photo (—). First, it was revealed that the
visual invasion by non-target drugs or the thinking pat-
tern resulting from their recognition led to the subse-
quent occurrence of near misses and dispensing errors.
This tendency is obvious from the fact that near misses
were not observed in group E, where non-target drugs
were not located. Second, the elimination of drug pho-
tographs in a complicated environment quadrupled
the frequency of dispensing errors. This means that it
was difficult for pharmacists to judge whether a target
was the target drug in a complicated environment, such
as with error-induction but without image informa-
tion. In fact, all 12 pharmacists were able to accurately
identify Takecab® 20mg under error-induction (+)/
photo (4), whereas 3 pharmacists (25%) misrecognized
Takecab® 10mg under error-induction (+)/photo (—).
Human beings have the ability to process visual stimuli
as a memory of color and shape [29-31]. Therefore, it
was suggested that pharmacists had no opportunities to
utilize the color memory of Takecab® 20mg (sky blue)
and/or Takecab® 10 mg (light yellow) in group G because
image information to characterize their color tones was
absent there. In short, the display of image information
(color, appearance, design, shape, etc.) is considered as an
important factor to prevent dispensing errors in compli-
cated environments where errors are likely to be induced.
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Finally, to clarify the thinking process necessary to
avoid dispensing errors, we analyzed the gaze move-
ments of eight pharmacists who dispensed without
errors (Fig. 5A, B). First, it was revealed that the con-
firmation frequency of (a) drug name in group F’
increased significantly compared to that in group E’
(Fig. 5A). In this regard, the visual recognition rate
of non-target drugs located in the drug rack area was
41.7% in group F/, whereas these visual invasions did
not develop into dispensing errors (n=38), suggesting
that the additional confirmation of (a) drug name was
a post-check of its number part (ingredient quantity) as
the pharmacist cannot judge accurately the target drug
from the character part (KATAKANA notation). Sec-
ond, it was shown that the confirmation frequency of
(c) location number in group G’ increased significantly
when compared to that in group F’ (Fig. 5B). In this
regard, each change in confirmation frequency from
group F’ to group G’ was — 0.5/(a) drug name, + 0.5/(b)
drug usage, +1.6/(c) location number, +0.6/(d) total
amount, —0.4/(e) target spot, and—1.4/(f) vertical
movement, respectively. In addition, since both (e) tar-
get spot and (f) vertical movement showed correlated
changes in all the three groups (E; F/, and G’), it is not a
coincidence that two parameters decreased at the same
time in group G’ The changes in the two items in group
G’ are likely to be closely related to the results showing
that the visual lines were concentrated on the periph-
eral part of (c) location number in the prescription
area. Furthermore, the dispensing time also increased
by 2.4s with the elimination of image information,
suggesting that the largest increase in dispensing time
would be in processing the numerical information of (c)
location number that requires thinking faculties, such
as memory, conversion, and storage. In summary, we
speculated that the reason why the confirmation fre-
quency of (c) location number significantly increased
by removing drug photographs was because the eight
pharmacists tried to compensate for the lack of photo-
graphs by directly pinpointing the position of the target
drug. However, the elimination of image information
made the dispensing process more complicated, and as
a result, more time was required to conduct accurate
dispensing. There remain several unanswered ques-
tions regarding the mechanisms involved in human
memory, it is generally considered that human beings
have a network system called a “schema” which consists
of a series of associations and images based on various
knowledge and experience gained [32]. For example,
this matter includes a case in which we recall some-
one’s face almost at the same time we see or hear their
name; it is no exception for pharmacists. Therefore, it
appears that pharmacists can simultaneously draw out
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many schemas based on their pharmaceutical knowl-
edge (medical efficacy, characteristic appearance, side
effects, etc.) when they visually recognize the drug
name in the prescription area. Furthermore, it has been
suggested that the memory of drug information (color,
appearance, design, shape, etc.) recalled as a schema is
unknowingly used to match the drug photograph. In
this way, the display of drug photographs is considered
an important factor for not only preventing dispensing
errors but also identifying the target drugs efficiently.
In other words, in a complicated environment where
errors are likely to be induced, there seems to be a limit
to maintaining the safety in the dispensing process by
using only character and numerical information.

Over the last few decades, the mechanization of dis-
pensing operations, such as one-dose package machines,
has spread through many medical institutions to improve
dispensing efficiency. In recent years, picking methods
that utilize drug barcodes have also been used to prevent
dispensing errors. However, this creates several problems,
such as the additional time required for dispensing work,
non-readability of the barcodes cut from PTP sheets, and
not preventing counting errors. Therefore, the experience
and skills of pharmacists are still required to dispense
drugs efficiently and quickly in real medical settings.
Accordingly, pharmacists should make efforts to reduce
the complexity of dispensing work and minimize dispens-
ing errors. For this reason, pharmacists need to analyze
the causes of dispensing errors and implement concrete
measures to prevent them. Finally, this study had some
limitations. First, we did not set a model of error-induc-
tion (—)/photo (—); therefore, we could not compare gaze
movements in the presence or absence of drug photo-
graphs in a simple dispensing environment. Second, the
distance between the drug rack area and the prescription
area was so short that we could not accurately reproduce
the thinking process of the pharmacists working in the
actual dispensaries. Furthermore, since this study was a
short-term simulated verification from visually recog-
nizing target drugs to reaching out for them, we plan to
verify the gaze movements of pharmacists using the eye-
tracking method at the actual dispensing site the next
time. Although this study was conducted by a relatively
small number of pharmacists at one facility, no pharma-
ceutical study has analyzed the thinking process of the
pharmacists in dispensing and shown clearly the moment
of the occurrence of near misses and dispensing errors.
Therefore, the findings of this study can serve as a refer-
ence for pharmacists in other facilities. Accordingly, this
study was a meaningful investigation in that it proved the
usefulness of drug photograph displays in a complicated
environment and clarified the thinking process required
by the pharmacist to avoid dispensing errors.
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Conclusions

In this study, we clarified the thinking process required
by the pharmacist to avoid dispensing errors in a com-
plicated dispensing environment and proved the use-
fulness of drug photographs in terms of reducing both
the complexity of the dispensing process and the risk
of dispensing error. Consequently, an effective measure
for minimizing the dispensing errors associated with
“double-type drugs” is to avoid locating them adjacent
to each other. In particular, locating them diagonally
to the upper right is effective in circumventing visual
invasion by the other drugs [20]. Furthermore, utiliz-
ing the image information (drug photographs) further
reduces the complexity of the dispensing process. It is
easy to change the arrangement method of double-type
drugs and display their drug photographs on the drug
rack, and this has already been implemented in our
hospital. In this way, pharmacists should continue to
work on improving the safe environment for dispensing
in parallel with mechanical support, which will lead to
further improvements in medical safety.
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