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Abstract

Introduction: Medication errors (MEs) are potentially harmful patient safety events in all age groups. MEs are particularly hazardous in
the pediatric population, especially with patients who require special attention due to the high incidence and severity of disease. This
study aimed to determine the effect of a smartphone messenger application on nursing students’ learning regarding the prevention
of MEs in pediatric patients. Methods: We performed this quasi-experimental study with 80 nursing students who were randomly di-
vided into intervention and control groups. We collected the data using a researcher-made checklist. We conducted learning through
Telegram, a smartphone messenger application (app), for 3 weeks. We analyzed data using SPSS version 16.0 by utilizing descriptive
and inferential statistics, and P < 0.05 was considered to be significant. Results: The mean age of the students was 23.5+2.9 years.
The majority of mistakes related to MEs in the control groups included the lack of proper control of the following: high risk medication
administration, medication incompatibility interactions, medication administration card, medication dose calculations, adverse drug
event recognition, pharmaceutical name recognition during drug selection, aseptic and sterile technique adherence, microbore IV
tubing flush practices, IV drip rate adjustment, and medication administration schedules. The mean scores of students’ performance
were significantly different in the knowledge of preventing MEs between the 2 groups. (P = 0.022). Conclusions: Smartphone learn-
ing with the Telegram messenger app improves nursing student knowledge regarding the prevention of MEs in pediatric patients.
We recommend that this form of learning be used in nursing schools to prevent errors related to medication ordering, dosing, and
administration. (Pediatr Qual Saf 2019;4:€226; doi: 10.1097/pg9.0000000000000226; Published online November 28, 2019.)
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. 6.5%)."* In adults, reported incidences of

',{“.lvno.“y\‘@ MEs are between 1% and 30% of all hos-

pital admissions, and 5% of these errors related
to medication orders.’ The rate of MEs for hospital-
ized children maybe 3-fold higher than those for adults
with significantly serious consequences.® Such errors can
be attributed to medication dose calculations based on
the child’s weight, medication dilution, the challenge of
children’s ability to communicate, high vulnerability of
young and sick children, and secondary kidney and liver
failure due to MEs. These errors may lead to increased
hospital length of stay and associated costs.’
Ensuring the safe use of medications by adhering to the
5 rights of medication administration (right patient, right
medication, right dose, right time, and right route) pro-
vides a framework for safe nursing practice.” Recently, 5
additional items have been added, including right assess-
ment, right to refuse, right evaluation, right education,
and right administration.® Medication administration is
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an important aspect of the patient’s care process and is a
major component of nurses’ performance.’ Therefore, to
reduce this preventable harm, children’s health systems
and care providers should adopt and implement interven-
tions to reduce pediatric MEs.’

Despite the efforts of university officials to educate
safe medication administration, nursing students com-
mit errors, and the research indicates that there is a high
incidence of MEs in both nursing students and nurses.'’
The goal of the nursing curriculum is to prepare students
for their professional career as empowered and compe-
tent nurses who have the necessary knowledge, attitude,
and skills to maintain and improve community health.!
However, sometimes, clinical environments are unpredict-
able, complex, and stressful for novice nurses. In turn, this
fact can reduce their ability to think critically and func-
tion correctly.'? Thus, they may make the wrong decision
regarding safe medication administration.”® So, nursing
educators felt a strong need to find new and improved
ways to train students.'"* Meanwhile, nursing educators
have accepted technology-based education as a solution.'
One of the technologies used most often is smartphone
technology. The purpose of this technology in nursing
education is to help educators enhance motivation and
learning outcomes and to help nurses to improve their
knowledge and skills."

Until recently, few studies have been conducted to in-
vestigate the occurrence of MEs and the prevention of
such errors in pediatric patients compared with the adult
population.'® Nurse educators should determine more
practical interventions that students can use to reduce
MEs.!"” Also, the impact of smartphone messenger appli-
cations (apps) like Telegram (a trademark of Telegram
Messenger LLP) has not yet been investigated on nursing
students’ performance in the prevention of MEs in pe-
diatric patients in Iran. We conducted this study to de-
termine the effect of smartphone messenger app learning
techniques on the nursing students’ knowledge in the
prevention of MEs in pediatric patients. In other words,
we addressed the following question: “Does the use of a
smartphone app like Telegram messenger have any im-
pact on nursing students’ knowledge in the prevention of
ME:s in pediatric patients?”

METHODS

Participants and Study Setting

Participants were senior students enrolled in nursing
school in Urmia, Iran. We assessed participants based on
the following inclusion criteria: (1) students’ agreement
to participate in the study, (2) students who complete
institutional required courses, and (3) students with no
prior learning experience about preventing MEs.

We excluded nursing students who did not have a
smartphone and failed to attend 2 sessions of group dis-
cussion during the intervention period. We used a random
digit table to allocate 82 eligible participants to either a
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control or intervention group during 2 consecutive semes-
ters. Two of the participants withdrew because they could
not use the Telegram messenger app due to personal rea-
sons. In total, we enrolled 80 participants in the study in
2 semesters. Thus, 40 participants divided into 4 groups,
with 10 members each in every semester. We considered
the first 2 groups of internship students as control groups
and the last 2 groups as intervention groups in each se-
mester to prevent data transmission between control and
intervention groups. (Fig 1).

Intervention
We conducted this quasi-experimental study from
September 2015 to June 2016. We used the Telegram mes-
senger app to educate nursing students. Telegram is a free
social network in Iran. It is a messaging application that
you can send any type of files such as text messages, pic-
ture and video free, fast, and secure.'® In Iran, most univer-
sities are making extensive use of new smartphone tech-
nology."” Common smartphone messenger applications
used for educational and learning purposes in Iran include
Telegram(50%), WhatsApp (a trademark of Facebook,
Inc.)(26%), Viber (a trademark of Rakuten) (7%),
Instagram (a trademark of Facebook, Inc.) (2%), and oth-
ers (12%).2° Telegram is the most popular messenger ap-
plication in Iran, Uzbekistan, and Ethiopia. More than 40
million Iranians use Telegram app on their smartphones.'®
The nursing students used this app to read and discuss
the educational content provided by the researchers. We
developed the educational content from a pediatric phar-
macology textbook, the patient safety instruction book,
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Fig. 1. The flow diagram of the study based on Consort state-
ment 2012. It indicates participants’ recruitment and intervention
process.
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and pediatric units practice guidelines in the prevention
of MEs. A pediatrician and a pediatric nurse practitioner
approved the educational contents before starting the in-
tervention. These didactic materials were delivered to the
participant through a Telegram messenger in 9 sessions
with 60 minutes each. Electronic education was conducted
3 times a week (Saturday, Monday, and Wednesday) in a
Telegram channel created for online small group inter-
actions and exchange of ideas. For more information re-
garding educational contents, please see Table 1.

To review the contents of the previous session, we con-
ducted a question and answer review in the first 15 min-
utes of each session. We sent the content of the upcoming
session to nursing students in PDF format to a Telegram
channel at the end of each educational session. Then, we
asked students to refer to the channel and study the new
contents. In the control group, students received only rou-
tine training by their instructors.

Measurements/Instruments
Data collection tools consisted of 2 parts: a demographic
information form and the performance checklist, which
we prepared based on the patient safety protocol and safe
medication administration guidelines in pediatric patients.
It included 50 items with a 2-point scale (observed = 0,
not observed = 1). Five nursing professors and 2 pharma-
cists confirmed the face validity of the checklist. We used
Laws Table to confirm the numeric value of the content
validity ratio. We kept the items whose ratio was higher
than 0.42. The content validity index was 0.80 based on
Waltz and Bausell.?! We measured the correlation coef-
ficient (r = 0.89) to check the interrater reliability of the
checklist after 10 nursing students filled out the checklist.
We considered age, gender, pharmacology score, grade
point average, MEs, participants’ experience of observ-
ing MEs, and their participation in a course about patient
safety as demographic information.

Data Collection and Procedures

We recruited students who wished to participate in the
study. On the first day of the internship program, par-
ticipants arrived at the pediatric unit at their scheduled
time. Participants received an orientation session before
beginning the study. We conducted performance assess-
ments one-on-one and allocated 20 minutes for each stu-
dent during the first week of internships. The participants
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in intervention groups used their smartphone messenger
app repeatedly for 3 weeks. Also, each participant was
only able to log into his/her smartphone content using the
given personal phone number. The researchers (a nursing
professor and a registered nurse with >5 years of clinical
experience) administered the pretest and post-test.

Ethical Considerations

The Ethics Committee of Urmia University of Medical
Sciences approved this study (Approval code: Ir.umsu.rec.
242. 1394). During participant recruitment, the primary
researcher who never met the students conducted in-
formed consent, to prevent any possible coercive pressure.

Data Analysis

All statistical analyses were performed using SPSS, ver-
sion 16.0 (IBM Corp., Somers, N.Y.). Descriptive (mean,
SD) and inferential (independent ¢ test, chi-square tests,
and Fisher’s exact test) statistics, were used to analyze
data. We used the Shapiro-Wilk test to identify the homo-
geneity of participants’ characteristics. Statistical signifi-
cance was set at P < 0.0S.

RESULTS

The research groups were not significantly different in
terms of age, gender, pharmacology scores, history of
ME:s in the control, and intervention groups (Table 2).

The most common mistake made by the nursing stu-
dents regarding the prevention of MEs in the control
group included:

1) The failure to control medication incompatibility
interactions with other medications and child’s diet;

2) The lack of control over high-risk medications and
during the administration of these medications;

3) The lack of proper control of the medication ad-
ministration card;

4) The failure to calculate the medication dose accu-
rately during the preparation;

5) The inappropriate IV drip rate adjustment and
medication administration schedules.

Some of the most common nursing student mistakes
in the intervention group were the lack of proper con-
trol of the medication administration card, the failure

Table 1. Learning Content Based on Training Sessions Through Telegram Messenger Application

Week Day Content
1 1 Definition of patient safety, medication error, and its prevalence
2 Types of medication errors
3 Causes of medication errors
2 1 Identification of high-risk medications in department of pediatrics and the necessary notes on registration and enforcement
2 An introduction to medication error registration system
3 Method of reporting in case of medication errors
2 1 Recognizing the common medications of the pediatric unit based on the common diseases in the department (heart failure drugs

and respiratory problems)

wnN

Recognizing the common medications of the pediatric unit based on the prevalent diseases (important antibiotics and electrolytes)
Recognizing the common medications of the pediatric unit based on the prevalent diseases (corticosteroids and analgesics)
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Table 2. Comparison of Demographic Characteristics Between 2 Intervention and Control Groups

Control Group Intervention Group t test

Variable Average + SD Average + SD
Age 28.77+1.72 23.04+1.32 P=0.118
Pharmacology score 16.76+2.19 17.62+2.40 P =0.522
Grade point average 14.74+2. 83 15.89+0.71 P =0.105
Variable Number (%) Number (%) Chi-square test
Gender

Male 30 (75%) 14 (35.1%) P =0.337

Female 10 (25%) 26 (64.9%)
Previous history of medication errors 11 (27.5%) 8 (19%) P =0.264
Previous history of observing medication errors 15 (37.5%) 14 (33.3%) P =0.267
Previous patient safety education 3 (7.5%) 1(2.4%) *P=0.776

*Fisher’s exact test

to calculate the medication dose accurately during the
preparation, and the failure to inform the doctor, respon-
sible nurse, or instructor in the cases of observing the
complications and symptoms of medication overdoses in
the patient. A higher frequency of errors occurred in the
control groups suggesting that e-learning with Telegram
messenger app had a significant effect on the students’
performance in the intervention groups (Table 3). There
was a significant difference between the mean scores
of students’ performance in preventing MEs in the
control (34.22+5.99) and intervention (46.66+6.06)
groups after the smartphone messenger app learning
(P =0.022).

DISCUSSION

The results of this study show that the smartphone mes-
senger app has a positive effect on the knowledge and
performance of nursing students that may result in the
prevention of MEs. In line with another recent study, the
poor performance of nursing students in preventing MEs
resulted from lack of pharmacological information re-
lated to medication interactions with other medication
and the child’s diet and lack of knowledge regarding high-
risk medications.?? Baghaei et al?® reported that the most
important MEs among nursing students is related to the
inappropriate administration of intravenous medications,
especially antibiotics. They believed that the most signif-
icant reason for such errors is insufficient knowledge of
students in pharmacology.?® Similar to this finding, a re-
cent study showed short staffing and poor pharmacology
knowledge of nurses are among the factors that lead to
ME:s in neonatal units.?*

This study also showed that the most common errors
in the pediatric units were related to the lack of proper
control of the medication administration cards as well as
miscalculating the medication doses. Azarabad et al® re-
ported a similar result among the students’ MEs in the
operating room. A recent study reported that MEs related
to pediatric dosing error was 23%, similar to our find-
ings. In this regard, Park and Kim?¢ indicated that using
the smartphone app was effective in improving nursing
students’ self-efficacy for drug dosage calculation. It is

possible to prevent the occurrence of MEs and medica-
tion overdose secondary to such errors with the appro-
priate strategy, such as smartphone app training of medi-
cation dosage calculation.

In this study, most students did not pay attention to the
common symptoms of medication side effects in the pe-
diatric unit. Similar to our findings, in every 1,000 pedi-
atric patients in Japan, 37.8% faced adverse drug events
due to MEs (65.1%). More than half of these patients
had serious complications which monitoring medica-
tion use processes could be the most significant factor in
improving medication safety.?” As noted above, review-
ing and controlling drug antidotes, and the complica-
tions and symptoms of medication overdoses should be
considered as an important element in reducing MEs in
pediatric units.

In our study, the majority of nursing students had dif-
ficulty adjusting IV drips and calculating infusion time.
In a study conducted by Vaismoradi et al, nursing stu-
dents voiced that only the theoretical content related
to medications (such as medications categories, indica-
tion, side effects, etc.) are discussed in pharmacology
classes. There is no mention of the practical aspects of
medication management.?® Consistent with this study is
a recent study that showed the performance of nearly
half of the nurses was inappropriate for infusion of IV
medications, and 24% of the nurses administered med-
ications to patients at the wrong time.* A recent study
conducted in Isfahan hospitals in Iran confirmed our
findings.?® Using this smartphone app reduced MEs,
medication preparation, and delivery time during re-
suscitation in the pediatric unit.’! Thus, it seems that
there is the potential to improve pediatric clinical prac-
tice by utilizing modern technology in training of MEs
prevention as a medication administration standard for
students and nurses.

In the current study, nursing students did not pay atten-
tion to similarities in pharmaceutical names during the
preparation of medication. Some studies have highlighted
this issue in the guidelines for the prevention of MEs.3233
Therefore, the effect of pharmaceutical names similarities
in the occurrence of MEs is undeniable, and checking the
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Table 3. Comparison of the Highest Frequency of MEs of Students in the Pediatric Units

Chi-Square Intervention group Control group
P Percentage Number Percentage Number
Failure to control the medication administration card with physician orders

0.003 50 20 90 36 in terms of starting date and discontinuation of medication

0.001* 0 0 35 14 Failure to inform the instructor or the responsible nurse and the doctor in
the event of any disagreement in the medication order

0.001 20 8 95 38 The lack of control over the list of high-risk medications which have been
placed in the locked box at the nursing station or treatment room,
especially narcotic drugs

0.001 35 14 97.5 39 Failure to check the list of medication interactions during administering
medication

0.005* 10 4 55 22 Failure to adhere to aseptic and safety principles (such as hand-washing)
before administering medication

0.001* 10 4 22.7 20 Failure to adhere to sterile technics at all stages of drug dissolution and
injection

0.001* 0 0 45 18 Lack of writing the date label on medications inside the fridge

0.001 35 14 95 38 Failure to accurately calculate the medication doses during the preparation

0.001* 0 0 60 24 Not properly identifying pediatric patient before administering medication

0.024 20 8 65 26 Paying attention to pharmaceutical similarities in terms of medication name
at the time of administering medication

0.001* 0 0 40 16 Failure to control the label of the medication in the process of administering
medication

0.03 25 10 70 28 Lack of attention to the effects of medication interaction with other
medications

0.001 30 12 100 40 Lack of attention to the effects of medication interactions with the child’s
diet plan

0.001* 5 2 30 12 Failure to administer medications individually in case of having multiple
medications’ orders

0.001* 5 2 20 8 Not administering medications to patients which are prepared by someone
else

0.013* 10 4 50 22 Failure to flush micro drip IV tubing before administration of medication

0.001 20 8 90 36 In case of using micro drip IV set for infusion, IV drips and infusion time
was adjusted precisely.

0.001* 0 0 50 20 Failure to evaluate the patient before administering certain medications
(control of vital signs such as pulse, blood pressure, etc.)

0.013* 0 0 35 14 Failure to record the outcome of the patient’s evaluation (control of vital
signs such as pulse, blood pressure, etc.) before administering certain
medications

0.001* 5 2 70 28 High risk medications were not checked by 2 nurses

0.001 35 14 95 38 Failure to inform the doctor, responsible nurse or instructor in the cases of
observing the complications and symptoms of medication overdoses in
the patient

0.001 15 6 50 20 If medication is not available, failure to record correctly with red color in

the patient medical record after informing doctor, responsible nurse or
instructor

“Fisher’s exact text

name of prescribed medications should be emphasized
before administration.

Our study suggests that the lack of knowledge re-
garding the need to properly flush micro drip IV tubing
before medication administration and adhere to aseptic
and sterile techniques may contribute to common errors
in pediatric patients. Although it is essential to observe all
of the above before administering the medication, some-
times nursing students commit MEs due to heavy work-
load and a crowded unit. A recent study confirms these
possibilities.??

The results also indicated that MEs might occur
while administering medication prepared by others.
Consistent with our finding, recent studies showed that
sometimes patients and their parents were asked to ad-
minister their medications.’** That practice is unsafe
and could lead to MEs. Hence, nursing student know-
ledge regarding the proper preparation and administra-
tion of medication may improve medication safety. We

should include and emphasize this information in the
MEs prevention protocol.

LIMITATIONS

One of the limitations of this study is the availability
of other educational resources to nursing students. To
overcome this limitation, nursing students shared their
questions with the researchers and other students with
a smartphone messenger app or internet (simultaneous
conversation in the Telegram chat room or sending an
email). On the other hand, the researchers tried to pro-
vide content from the latest and the most reliable sources
to cover all the educational needs of students in prevent-
ing MEs in a way that they do not need to refer to other
educational resources. Also, there is the possibility of con-
tact and transferring information between the 2 groups
during the study. Thus, the researchers considered the
first and second groups as the control groups and third
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and fourth groups as the intervention groups to prevent
this data transfer. Based on the findings of this study, the
researchers suggest further studies by utilizing other ed-
ucational content such as film, sound, and animation as
well as combining different learning methods such as
e-learning, the lectures, etc.

CONCLUSIONS

Pediatric patients are at risk for MEs. This study brings
attention to the effectiveness and significance of the in-
tegration of mobile technologies such as smartphone
apps into teaching, learning, and clinical practice of nurs-
ing students. Second, it may help students to reduce the
occurrence of MEs, and improve drug preparation time
and delivery time. Utilizing innovative smartphone apps
is highly recommended, especially in pediatric units. In ge-
neral, this study shows that nursing students’ knowledge
of ME improved by utilizing smartphone messenger app.
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