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Introduction: Learning medication-safety has become a focus in many countries to
improve medication-safety competencies in nursing students. Research on instructional
design for medication-safety is still limited, especially about the use of the Four
Components Instructional Design (4C/ID) model. This study aimed to compare the knowl-
edge and skills in medication safety of nursing students after the medication-safety training
using four components of instructional design known as 4C/ID.

Methods: This was a posttest-only quasi-experimental study using an intervention and control
group. The participants were the third-semester students of a nursing school at Yogyakarta,
Indonesia (intervention: n=55, control: n=40). The intervention group was trained for five weeks
using the 4C/ID approach with interactive lectures, small group discussions, reflections, and
skills simulation sessions. An observational skills evaluation and Multiple-Choice Questionnaire
were administered in the last week after the training completed. Independent sample #-test and
Mann Whitney tests were used to analyze the mean differences of knowledge and skills in giving
oral medicine and drug injections between the two groups.

Results: The majority of respondents were female (74.1%), aged 19-20 years (77.8%), with
GPA >3 (87.37%) and, the majority had never received instruction about patient safety
(69%). There were significant mean differences in overall knowledge (p<0.05) and also in
the skills of oral drug and intramuscular drug administration (p<0.05) between the interven-
tion and control groups.

Conclusion: Training in medication-safety using the 4C/ID approach could improve the
medication-safety knowledge and skills of the nursing students based on simple to complex
learning.

Keywords: 4C/ID model, medication-safety, nursing students’ education and training

Introduction
The ability of nurses to administer drugs safely will determine the quality of service
and support patient safety.' Nurses are also the health profession, which is often
considered as the last barrier in preventing medication errors to patients.” The
ability of nurses in the safe management and administration of drugs is one of
the competencies that are expected to be applied in nursing care, especially in
inpatient settings. Studies show that the lack of nurses’ ability to safely administer
drugs will endanger patients and trigger adverse drug events.’

The lack of the quantity and quality of medication-safety during undergraduate
nursing education is the main cause of the lack of ability to administer the
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medication safely for the patient care.” In some devel-
oping countries, knowledge about medication safety has
not been given on an ongoing basis curriculum and is lake
of reflection in the real cases that occur in health services.
Some nursing institutions may only provide pharmacolo-
gical knowledge at the beginning of the year without
linking this competence to the issue of patient safety.*°

A systematic review showed that several efforts have
been made to better prepare medical, nursing, and phar-
macy students about medication safety by piloting various
learning methods.” However those researches were mostly
coming from developed countries.™’ Research about med-
ication safety are important to be done in developing
country because the incidence of medication error are
higher in developing countries.'”

Other studies have used a variety of learning methods
in delivering patient safety and medication-safety to nur-
sing students. However, research about medication safety
in the nursing area was still limited compared to studies in
medicine.”* Several studies are more focused on applying
student-centered learning methods such as Problem Based
Learning (PBL), case study, simulation, as methods to
teach medication-safety.'' Nevertheless, the research
about instructional design is still limited.”

In response to the limited research in the area of
medication-safety from developing countries, in nursing
education, which also highlights the use of different
instructional designs in the curriculum, we aimed to fill
the gap by developing and piloting a medication-safety
course using the 4C/ID curriculum model in Indonesia.
4C/ID is an instructional model developed by Van
Merriénboer.'> The 4C/ID model offers solutions for
instructional design that are suitable for designing
a course, block or module which aims to achieve complex
capabilities. 4C/ID can consist of task-oriented classes
with the main components, namely learning-tasks, suppor-
tive-information, procedural-information, and part-task
practice.

Learning-tasks are the backbone of the 4C/ID model.
Students are given learning-tasks which serve as the means
for students to build their knowledge. To help students con-
nect between the learning-tasks and the knowledge they
already have, supportive-information is given to the students.
The other components of 4C/ID are procedural-information
and part-task practice. Procedural-information is used for
routine tasks or tasks which require repetition. Procedural-
information can be in the form of specific feedback and can
be given before, while, and after students practice the task.

The last component of 4C/ID is part-task practice, which is
used to help students to achieve automation.'*'?

Some previous studies that used the 4C/ID approach
were in electronic engineering learning,'* pharmacother-
apy learning, physiotherapy courses,'® urology learning'®
and one in communication learning for nurses.'” The last
study was intended for professional nurses but not focused
on medication-safety. Our study was designed to improve
nursing students’ comprehension in the application of
medication-safety using 4C/ID instructional design.

This paper aimed to compare the knowledge and skills
in medication-safety specifically for oral and intramuscular
drug administration, between nursing students in the inter-
vention and the control group.

Methods
Setting of the Study

Based on the core curriculum of undergraduate nursing in
Indonesia, the topic of patient safety is covered in the second
year of the program.'® Some topics included were adopted
from Multi-Professional Patient Safety Curriculum Guide of
World Health Organization (WHO).'® However, the imple-
mentation of this curriculum has not yet been optimal
because patient safety learning is in the form of lectures
instead of student-centered methods.

The skills for administering drugs are taught in
the second semester. However, there is still little effort to
link the skills of administering these drugs to the princi-
ples of patient safety in these skills. This gap in the
curriculum makes it arduous for students to comprehend
the application of safe administration of drugs, which
influences their confidence and preparedness to administer
safe drugs during their clinical rotation at the hospital.

Study Design

This study was a posttest quasi-experimental only with
non-equivalent randomized control group design.”’ Total
sampling was used in this study and respondents were 106
students (Respon Rate= 89.65%). The intervention was the
4C/ID learning approach to medication-safety. Figure 1
illustrates the procedures of this study.

Participants

The respondents involved in the study were third-semester
nursing students of a nursing school in Yogyakarta,
Indonesia. The inclusion criteria were: 1) the students in
the third semester who had learned drug administration
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106 of third semester nursing students:
Randomly assigned

N original = 50
(control group)

v

Conventional learning
(One lecture and one
video playback)

Drop out =10

N final = 40

Figure | The procedures of this posttest-only quasi-experimental study.

skills, and 2) the students who have undergone early
clinical exposure in health care facilities. The exclusion
criteria were the students who were not attending the
entire training. Table 1 shows the characteristics of the
samples.

Table | Characteristics of Participants

Gender Intervention Control Homogeneity
Group N= 55 Group Test
N=40
Male 20% 15% 0.530°
Female 80% 85%
Age
17—18 years 18.2% 5% 0.069°
19-20 years 71.8% 85%
2| years 0 5%
GPA/grade point average (0—4)
Below 2.5 1.8% 5% 0.070°
2.5-3 12.7% 25%
3-35 65.5% 57.5%
Over 3.5 20% 12.5%
Previously received information about patient safety
Yes 23.6% 32.5% 0.823°
No 76.3% 67.5%

Notes: *Chi-Square test; ®Mann Whitney test. CI=95%, p> 0.05.

N original = 56
(intervention group)

v

Medication safety learning
with 4C/ID model (Figure 2)

Dropout=1

A\
N final = 55

Instruments

Three assessment instruments used in this study were a set
of Multiple-Choice Questionnaires (MCQ) and two check-
lists. The MCQ was used to assess student knowledge at
the end of the course. The MCQ test was developed by the
experts who are instructors in the courses and they made
the sixty MCQ questions based on the blueprint of the
learning outcomes. The blueprint were consist of aspect
the patient safety and medication safety concept, the med-
ication administration cycle in the health care, high alert
medication, and the role of nurse in medication adminis-
tration. Then, the questions were reviewed and revised
until ready to be used for the post-test. We also do the
item analysis to check the composition of difficulties ques-
tions dan medium difficulties. The MCQ questions that
used were fifty number.

The instrument of skills competency includes a checklist
for assessing oral medicine administration skills and
a checklist for evaluating intramuscular injection skills. The
two checklists used were developed from the checklists which
are used in the school of nursing. First, we decided about the
medication-safety and patient safety aspects which have to be
included in the checklists. Then, we revised the checklists
based on literature about medication-safety skills and also
conducted expert consultation. We integrated the principles
of patient safety and medication-safety into the checklists, and
consulted with three experts. We did an interrater reliability
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test for the checklist items with two observers and the percent
agreement of each item ranged from 77.78-100%.

The checklists contain 10 dimensions which were: patient
safety application, patient identification, drug accuracy,
infection control, risk of falling prevention, drug preparation,
drug administration, drug monitoring, documentation, and
the aspects of empathy, communicative and respectfulness.

Procedures

Respondents were divided randomly by lottery number into
two groups of the intervention group (N: 56) and control
group (N: 50). We overestimated the number of intervention
groups to anticipate the withdrawal of participants. The
intervention activity lasted for 18 hours over 5 weeks for
the intervention group including the post-test session. The
intervention consisted of an overview activity, then training
was provided with a 4C/ID approach. Several activities that
have functioned as learning- task in 4C/ID model include:
real case presentation, small group discussion, reflection,
and simulation of delivering oral and intramuscular medi-
cine. Some supportive-information was given to the students
in the form of interactive lecture and video playback.
Procedural-information that we used involved a checklist
of procedural skills that consisted of lists of oral drug
administration and intramuscular drug administration.
Feedback was also given by the facilitators that functioned
as procedural-information during the classical session and
simulation in the skills laboratory. Figure 2 illustrates the
4C/ID approach in this study.

In the control group, the activity took place over 2 weeks,
in the form of an overview, two session of lecture and video
playback, and the post-tests. Students were also given time
for independent learning in a skills laboratory to practice the

drug administration skills as the part-task practice implemen-
tation. At the end of the second week, the control group first
took the post-test, while the intervention group received
a post-test at week 5, to prevent exposure to the control
group by training material from the intervention group. All
of the trainers were experts in the field of patient safety.

Before the training started, the author held a briefing with
the trainers and also with all of the instructors. Observers who
evaluated the skills assessments were different from the
instructors who trained the students. The purpose was that
the observers did not know the students who were the control
group and students who were the intervention group (blinding
technique). The authors held a briefing with; 1) the observers
to prepare them to use the checklist, 2) simulated patients,
and 3) assistants who assisted the instructor when the imple-
mentation of simulation skills training and at the time of skills
assessment. The observations of skills and MCQ test were
held in the last week, after the training completed. The
administration staff that delivered the MCQ test also did not
know the students who were the control group and interven-
tion group. At the end of the training, eleven students were
considered drop-outs of the study because they did not com-
pletely join in all of the training activities.

Data Analysis

We used homogeneity test applying the Chi-Square and
Mann Whitney formula that found that there were no
significant differences between the characteristics of
respondents in the intervention and control groups.
Univariate analysis was used to describe the distribution,
frequency, percentage of respondents’ characteristics of
the study and to analyze the average level of knowledge,
and skills of students in providing safe medication.

Day 2
Watching video of adverse
event and medication error
and discussion (LT)
Interactive lectures: Reason
Theory, nurses role in PS and
MS (SI)

Day4
Role play of patient
identification (LT)
Watching video “preparation
and administration of the
drug” (SI)

Day 6

. A i Day 8 &9
Case discussion on high Day 11
alert drug adverse Independent learning in
event (LT) P & MCQ test

Lecture on high alert skill simulation (PTP)

drug storage and
preparation (Sl)

Day 1 Day 3
Case reflection and
discussion (LT)
Interactive lecture on
principle of drug
storage and drug
preparation (Sl)

Day 5

Introduction
Case reflection,(LT)
Watching video and

discussion on patient

safety principles (SI) (P1)

Skill simulation “
administration of oral
medicine” (LT)
Check list and feedback

Day 7
Skill simulation

“administration of _ Day10
intravenous medicine” Skill observations
(LT) (post-test)

Checklist and feedback
(P))

Figure 2 The process of medication safety course using 4C/ID approach.

Abbreviations: LT, learning task; Sl, supportive information; Pl, procedural information; PTP, part task practice.
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Table 2 Comparison of Knowledge of Patient Safety and Medication Safety Between Intervention and Control Group

Variables Mean * SD p-value
Intervention Group Control Group

Overall knowledge 65.96+6.73 54.4+8.52 0.000?
Each aspect of knowledge

Patient-safety concept 74.94+11.66 63.39+13.85 0.000°
General medication-safety 67.89+15.24 54.45+15.49 0.000°
Storing and preparation of medicine 61.43+16.56 48.05%15.61 0.000°
Administration of drug 66.36+21.63 54.38+27.08 0.019°
“Look-Alike Sound-Alike” drug management 53.82+20.32 48.50+20.70 0.224°
High alert drug management 50.91+14.97 46.07+18.41 0.157°
Documentation 87.27+25.85 67.50x31.11 0.001°

Notes: *Independent t-test; ®Mann Whitney test.

Bivariate analysis used the independent sample #-test to
analyze the mean differences of knowledge and skills in
administering the oral drug and intramuscular drug
because the data were normally distributed. For the data
that were not normally distributed, analysis used the
Mann—Whitney formula (see Tables 2 and 3).

Results

The results of this study indicated that there were significant
differences in the knowledge of drug administration skills of
students between the intervention and the control groups with
p-value 0.00 and alpha of 0.05 (5%). Intervention and control
groups also have significant differences in skills, both oral
drug administration, and intramuscular drug administration.
Table 2 showed that there were significant differences in the
majority of the knowledge aspects except for the knowledge
about High Alert medicines and Look-Alike Sound-Alike
(LASA) drugs. The aspect of knowledge were patient-
safety concepts, general medication safety concept, storing
and preparation of medicine, administration of drug, LASA
and high alert drug.

Table 3 shows that there were significant differences
between the overall skills of oral drug and intramuscular
drug administration. Furthermore, results also showed that
in the majority of aspects in oral drug administration of the
intervention group, the scores were significantly higher
than the control group except patient identification, doc-
umentation, and empathy, communicative and respect.
Meanwhile, in the skills of intramuscular drug administra-
tion, the students in the intervention group were signifi-
cantly different in all of the aspects of skills compared
with the control group.

Discussions

Instructional design is very important in presenting learn-
ing material to students to achieve their learning goals.
Instructional design is the art of presenting attractive learn-
ing tasks so that they are easily accepted by students. In
our study, nursing students scored higher in knowledge
and skills and gained more learning experience during
the course with the 4C/ID approach, which can be seen
from the results of knowledge and skills assessments that
were significantly different from the control group. The
differences can be seen in the aspects of knowledge on the
concept of patient safety, the principles of drug adminis-
tration, drug storage and preparation, and other aspects of
knowledge. Meanwhile, the students’ skills differed sig-
nificantly in the aspects of drug preparation, drug admin-
istration, and drug monitoring. In general, oral and
intramuscular drug administration skills showed signifi-
cant differences. In our study, nursing students scored
higher in knowledge and skills and received more learning
experiences during the course with the 4C/ID approach,
which can be seen from the results of the assessment of
knowledge and skills that were significantly different from
the control group. Other studies using the 4C/ID approach
for their courses in different fields.'*"”

The strength of this research is the application of an
innovative instructional design for complex learning with
the 4C/ID approach. The 4C/ID model is suitable for use
in designing substantial learning tasks or training pro-
grams in length from several weeks to several years and
can also be used for a significant part of the curriculum.
Learning with the 4C/ID approach places learning-tasks as
the main backbone of the learning process. Learning-tasks
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Table 3 Comparison of Oral Drug and Intramuscular Drug Administration Skill Between Intervention Group and Control Group

Patient Safety Aspect Mean = SD p-value
Intervention Group Control Group

Overall skill of oral drug administration 45.1+£5.66 33.6+6.04 0.000°
Each aspect of skill

Patient safety application on skill 75.75%13.13 48.54+11.92 0.000°
Patient’s identification 97.27+10.4 95.0%11.6 0.144°
Drug accuracy 83.18+14.07 40.0£15.6 0.000°
Infection control 65.58+26.59 51.56+27.03 0.150°
Risk of fall prevention 59.55+35.84 13.13£20.4 0.000°
Drug preparation process 86.51%11.17 51.24+15.03 0.000°
Drug administration process 80.48+12.93 61.0x11.6 0.000°
Drug monitoring 68.18+36.47 40.0+37.48 0.000°
Documentation 69.09+28.85 74.38+32.27 0.277°
Empathy, communicative and respect 84.83%13.71 77.49+19.08 0.054°
Overall skill of intramuscular drug administration 74.95+8.19 47.35%11.27 0.000*
Each aspect of skill

Patient safety application on skill 82.97+9.78 40.13%£12.33 0.000°
Patient’s identification 94.55%13.34 76.25%+23.99 0.000°
Drug accuracy 79.08%18.9 8.76+12.51 0.000°
Infection control 86.85+10.71 52.13+17.09 0.000°
Risk of fall prevention 70.0+30.58 11.25+21.15 0.000°
Drug preparation process 86.97+9.15 47.15+13.88 0.000°
Drug administration process 84.64+10.65 59.5+13.77 0.000°
Drug monitoring 73.18%£27.99 36.87+28.86 0.000°
Documentation 80.45+31.44 40.62+35.21 0.000°
Empathy, communicative and respect 80.3+19.53 57.93%17.7 0.000°

Notes: *Independent t-test; ®Mann Whitney test.

in this course were given to facilitate students to form their
knowledge with various activities in training (real case
discussion and reflections, role plays of patient identifica-
tion and skills simulation sessions).

At the beginning of the course, we used simpler
learning-tasks, namely real case discussion and reflec-
tions (in a small group) and the students were asked to
present their points in front of the class. This process
managed to foster student awareness of medication-
safety issues in the real practice of health services.
Learning-tasks in the first two weeks were more focused
on the process of reflection because student reflection is
very important for the awareness of medication-safety.”
On the other hand, in conventional learning, students
have not been presented with any real cases regarding
medication errors and this can cause students to not
appreciate the benefits of studying medication-safety

and will affect their awareness.

From week 2 to week 4, students gradually engage in
more complex learning-tasks, namely role play of patient
identification, and simulation of drug administration with
both oral drugs and intramuscular drugs. The complexity of
learning-task was increased, to prepare nursing students for
the real tasks of a professional nurse in medication adminis-
tration that apply patient safety principles. In the later phase
of the training, students have done the simulation skills of
oral and intramuscular drug administration repeatedly to
prepare for practical applications.'® The use of simulation
methods is beneficial in achieving drug delivery competen-
cies and connecting the students’ readiness towards actual
practice and their practice in clinical education.>**

The second component of 4C/ID is the supportive-
information provided in the initial learning in the form of
video playback and presentation of a real case. These two
supportive-information series were used as the triggers in the
learning-task activities. We also gave interactive lectures as
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supportive-information to help students in connecting initial
knowledge with their new knowledge.'® There were several
material topics chosen that answered the students’ needs for the
importance of medication-safety (See Figure 2). Providing
supportive-information such as the topic of the role of nurses
in medication-safety was given after students were given the
time to reflect about the real cases. The aim of these strategies
was to better prepare the students for new information provided
in response to student curiosity and in the process, the students
actively construct their new knowledge.”!

The third component applied from 4C/ID model in this
study is procedural information. In medication-safety learning
with 4C/ID, procedural-information was given in the form of
check-lists of safe drug delivery skills. The checklists were
used by students in guiding the steps in administering oral and
intramuscular drugs administration. Aspects of patient safety
and medication-safety were integrated into the check-lists.
This is useful to help students to implement the supportive-
information into the practice of administering drugs.'? The
researchers gave the check-lists before the simulation took
place so that students have time to properly prepare before
the simulation activities in the skills laboratory.

The last component of 4C/ID was the task-part practice,
which provided the students the opportunity to learn drug
administration skills independently.'? It aims to train automa-
tion and competency in student skills. Mastery of skills from
the novice stage to becoming an expert requires several steps
including continuous training efforts that were facilitated by
independent training and practice in the skills laboratory.
Existing constraints are that while the independent training
should be done several times, but at the time of this research,
the researchers could only provide two scheduled opportunities
for students to be able to practice independently. This lack of
more practice can directly affect the ability of students to safely
administer drugs because short exercises can lead to less
optimal competences in safety procedures.

The results showed that there were significant differences
between the overall knowledge and administration skills of the
intervention and control groups. The results also showed that
the majority of aspects in the knowledge and oral administra-
tion skills also have significant differences. But, there were no
significant differences for the knowledge of High Alert drugs
and LASA drugs between the two groups. This finding is
possible because the topic of LASA drug and High Alert
medicine is a reasonably difficult topic and a new concern for
students. Even though they received the new information about
these concerns in this course, there were not significant differ-
ences in the students’ knowledge level. Sufficient time

allocation is needed to teach about High Alert medicines and
LASA drugs.

In the oral drug administration skills, the aspect of doc-
umentation also showed that there were no significant differ-
ences. At the post-test of administration skills, time was
extended for some students, so that those in the control
group who were not applying the medication-safety princi-
ples step by step in the process still had enough time at the
end of the observation to make better documentation.
Whereas, the students in the intervention group had only
limited time at the end of the skills observation. The lesson
learned was that medication-safety skills needs enough time
to be applied by the students, especially for the beginners.
The instructors need to provide enough time for all students
in the application of the medication-safety administration.

Limitations

We did not present the pretest value of the students
because the design was posttest-only quasi-experimental
design. Literature states that this design is suitable for
educational research because the pretest can cause some
bias in the results.”® In this study, the part-task practice
was also given to the students in the limited time because
of the time constraints and resources. Additionally, our
study had not included a qualitative exploration of stu-
dents’ perceptions of the medication-safety course. It
would be interesting to hear students’ opinions about the
course for improvement of further study.

Conclusion

Training of medication-safety using the 4C/ID approach
could improve the medication-safety knowledge and skills
of the nursing students. Training on medication-safety can
be continuously given to nursing students in their precli-
nical education to better prepare nursing students to be
competent in medication administration and patient safety.
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