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Abstract
Introduction: Medication errors are risk factors for patients’ health and may have irrecoverable effects. These
errors include medication miscalculations by nurses and nursing students. This study aimed to design a
multimedia application in the field of education for drug calculations in order to compare its effectiveness with
the lecture method.
Methods: This study selected 82 nursing students of Tabriz University of Medical Sciences in their second and
third semesters in 2015. They were pre-tested by a researcher-made multiple-choice questionnaire on their
knowledge of drug administration principles and ability to carry out medicinal calculations before training and
were then divided through a random block design into two groups of intervention (education with designed
software) and control (lecturing) based on the mean grade of previous semesters and the pre-test score. The
knowledge and ability post-test was performed using the same questions after 4 weeks of training, and the data
were analyzed with IBM SPSS 20 using independent samples t-test, paired-samples t-test, and ANCOVA.
Results: Drug calculation ability significantly increased after training in both the control and experimental
groups (p<0.05). However, no significant difference emerged between the two groups in terms of medicinal
calculation ability after training (p>0.05). The results showed that both training methods had no significant effect
on study participants’ knowledge of medicinal principles (p>0.05), whereas the score of knowledge of medicinal
principles in the control group increased non-significantly. The results of the Kolmogorov-Smirnov test show
that, since p>0.05, the data in the variable of knowledge of drug prescription principles and ability of medicinal
calculations had a normal distribution.
Conclusion: The use of educational software has no significant effect on nursing students’ drug knowledge or
medicinal calculation ability. However, an e-learning program can reduce the lecture time and cost of repeated
topics, such as medication, suggesting that it can be an effective component in nurse education programs.
Keywords: Medication calculation, Nursing students, Multimedia software, Lecture, Principles of drug
administration

1. Introduction
The implementation of patients’ medication orders is a main, critical role of nurses (1) and nursing students (2).
They should be able to correctly and accurately calculate the amount, volume, and rate of prescribed medications
and safely carry out pharmaceutical orders (3). Thus, they require knowledge and skills in various fields, including a
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variety of diseases, pharmacology, and mathematical calculations (4). A lack of such knowledge and skills in
pharmacology and incorrect pharmaceutical calculations are factors affecting medication errors (5) and can result in
a prolonged length of stay, increased costs, and sometimes severe and irrecoverable damage and even death (6). In
addition, medication error is a common and serious problem in hospitals (7). Lectures are one of the oldest methods
of training; in this teacher-centered method, students are inactive, and their individual differences are not
considered. Although lectures are the most appropriate teaching method in certain circumstances (8), many studies
have reported the superiority of learner-centered approaches (9). Theoreticians believe that education through
common methods is no longer effective due to their dependence to particular times and places (10). On the other
hand, participation in these classes require relocation and accommodation of students and professors, as well as
additional costs (11). Due to changes and advances in technology in the last few decades, the use of new teaching
methods in science including medicine as well as the revision of conventional approaches seems inevitable (8).
Nursing and its education have also had to adapt to these changes (12). Furthermore, due to the increasing rate of
nursing students and insufficient number of professors in nursing schools, methods other than lectures are required
(13). E-learning is a relatively new training method and includes the use of IT-based educational applications, such
as computer, internet, mobile, and other methods (8). Using computers as the primary means of teaching is known as
computer-assisted instruction (CAT) (12). CAT is presented using the internet, web, satellite broadcasting,
multimedia software, virtual and distance learning, and computer simulation (11). Flexibility, learners’ activity,
feedback, and reproducibility of educational programs are some advantages of this method compared to other
methods (14). According to the American Institute of Medicine, 98,000 people in the United States die due to
medical errors each year, 7,000 of which are due to medication errors. In other words, one out of every 10
hospitalized patients in America is injured due to medication errors. Medication errors are the eighth leading cause
of death in the United States (15). According to studies conducted in Europe, 19%–28% of patients are exposed to
this risk (5). Due to obstacles to reporting, the exact statistics of medication errors are not available in Iran, although
this seems to be a large amount (16). In one study, the incidence of medication errors in a hospital in Kermanshah
was 79.2% (17). Although a lack of knowledge and skills, resulting in pharmacology and pharmaceutical
miscalculations, is the most important cause of medication errors by nurses and nursing students (18, 19), not
enough attention is paid to this issue in nursing courses in Iran (20). This is especially important in the case of life-
saving drugs (5). According to a study by Ahmadieh, nursing students have problems with math skills in
pharmaceutical calculations; thus, it seems better to include these topics in their curriculum (21). In one study,
nursing students attributed their poor pharmacology knowledge to insufficient teaching time as well as failure to
comply with their practical needs (5). The results of these studies suggest the high prevalence of medication errors in
nurses and nursing students as well as the need to pay attention to education in this regard. Given the prevalence of
medicinal errors and the importance of risk reduction as a critical debate in the field of risk management and
improvement of hospitals’ quality (22), the need exists for basic education in this context. Yet comparing the
effectiveness of different educational methods for nurses and nursing students has had mixed results, necessitating
further research in this area. In addition, in a majority of the existing studies, the necessary explanations regarding
CAT programs are not provided or these programs are not designed based on learning principles. Therefore, the
present study was carried out to address these concerns in order to facilitate nursing students’ education related to
the calculation of doses of life-saving drugs in order to take a small step toward the improvement of a community’s
health.

2. Material and Methods
Regarding the educational needs of nursing students as well as the nursing curriculum, educational content was first
prepared in this quasi-experimental (interventional) study by reviewing the literature and using scientific resources,
including Fundamentals of Nursing by Potter and Perry, Dugas’ drug dosage calculation books, drug administration
guidelines, and surveys with several clinical pharmacologists and nursing professors. This content included a
combination of texts, images, sounds, animations, and videos and focused on empowering nursing students in the
field of prescription and medication calculation.

2.1. Development of multimedia and educational software
Within the framework of educational objectives, digital cameras and video cameras were used to take photographs
and videos from actual scenes. After preparing the raw materials, lecture sounds were recorded on educational slides
and edited using Ispring Suite 7; the prepared files were then extracted into the Flash format in Ispring Suite 7. The
gallery part was designed using Articulate Storyline 2, and the typed content was converted to Flash format using
Flash Paper. Pictures on the gallery, compact discs, and other issues were designed and edited using PhotoShop CS.
Finally, all content and images were prepared on a compact disc using Autoplay Media Studio 8. This educational
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application used research findings from the e-learning field, including 10 principles of the Meyer multimedia design,
educational materials’ evaluation criteria, and a checklist assessing educational materials.

2.2. Experimental design
In order to measure individuals’ knowledge of drug prescription principles and ability to carry out medicinal
calculations, a questionnaire was prepared in the field of educational content. The knowledge questionnaire
consisted of 10 four-choice items; to eliminate the possibility of chance, the fourth choice in all questions was “I do
not know.” Correct and incorrect answers were scored 1 and 0, respectively. The validity of the questionnaire was
analyzed by 10 professors of nursing and midwifery faculty at Tabriz University, and its reliability was calculated
and confirmed using Cronbach’s alpha on 30 students of Tabriz University who were not in the study sample. The
ability questionnaire contained 20 four-choice items; to eliminate the possibility of chance, the fourth choice in all
questions was “I do not know.” Correct and incorrect answers were scored 1 and 0, respectively. The validity of the
questionnaire was analyzed by 10 professors of nursing and midwifery faculty at Tabriz University, and its
reliability was calculated and confirmed using Cronbach’s alpha on 30 students of Tabriz University who were not
in the study sample.

2.3. Experimental study and sampling method
Inclusion criteria for this study were studying in the second or third semesters of the nursing program and providing
informed consent to participate in the research; exclusion criteria were a history of clinical experience and/or refusal
to continue participating in the study. An intervention was performed in the first semester of the 2015–2016
academic year for all second and third semester nursing students (n = 82). Due to the small population size in this
study, the sample size was considered equal to the population size. After the necessary coordination with authorities
of Tabriz University of Medical Sciences and School of Nursing as well as the acquisition of necessary licenses, the
researcher attended the class of eligible students, explained the research objectives, and obtained their consent to
participate in the study. Due to limitations in space and facilities, all steps were done separately for second and third
semester students. After providing written consent to participate in the research and before starting the education, all
students were pre-tested using the knowledge and ability questionnaires. Demographic characteristics including age,
gender, marital status, work experience in hospitals or clinics, passing pharmacology course, and first and second
semesters’ GPA were gathered during the same session. Twenty-six were excluded based on the exclusion criteria.
In the next stage, the pre-test score and first (second) semester GPA averages were calculated for second (third)
semester students. The resulting scores were arranged in ascending order, and based on the scores students were
categorized into two groups of intervention for training with the produced multimedia software and control for
teaching through lectures. Each group received three two-hour sessions, with a week interval between two sessions.
A conference room equipped with a computer with a CD burner was used for the software group after coordinating
efforts with school officials. A computer was assigned to each student, and all students used hands-free technology
to avoid sound interference. The method for using the software was then explained, and it was ensured that all
students reviewed the subjects at least once. Finally, students in the intervention group received a copy of the
software. Education of the control group was performed in a classroom of the faculty after coordination with school
officials and one of the professors. The training program was provided by a professor in a lecture format using
PowerPoint for both semesters. All educational materials were given to the students in the control group in a PDF
format so they could review them, if required. Four weeks after the intervention, all students from both groups
completed the post-test for knowledge and ability, which contained the same questions as the pre-test; a software
evaluation form was also given to the intervention group. Some gifts were offered to students participating in the
study to encourage them and demonstrate appreciation.

2.4. Statistical analysis
The knowledge and ability post-test was performed using the same questions after 4 weeks of training. The data
were analyzed with SPSS-20 and independent sample t-test, paired-samples t-test, and ANCOVA.

3. Results
3.1. Evaluation of students
An evaluation of students’ individual characteristics showed that the frequency of women in the intervention group
and in the control group was 5.54% and 56.4%, respectively. All students in the intervention group were single
while one was married to the control group. The mean ages in the intervention and control groups were 20.45 and
21.43 years, respectively. The average GPA of the first semester was 15.46 in the intervention group and 15.22 in
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the control group. The average GPA of the second semester was 15.44 in the intervention group and 14.7 in the
control group (Table1).

Table 1. Evaluation of the individual characteristics
Personal details Intervention group Control group
Sex; n (%) Male 15 (45.5) 10 (43.5)

Female 18 (54.5) 13 (56.5)
Married status Married 0 1 (4.3)

Single 33 (100) 22 (95.7)
Age, Mean ± SD 20.45 (2.17) 21.43 (3.08)
First Semester Average, Mean ± SD 15.46 (1.46) 15.22 (1.55)
Second Semester Average, Mean ± SD 15.44 (1.46) 14.7 (1.38)

3.2. Hypothesis evaluation
The results of the Kolmogorov-Smirnov test show p>0.05; therefore, the data in the variable of knowledge of drug
prescription principles and ability of medicinal calculations had a normal distribution (Table 2). The regression
slope suggests that no significant interaction existed between the independent variable (group) and the confounding
variable (pre-test) in scores of knowledge of drug prescription principles (F = 1.392, p>0.05) and scores of drug
calculations ability (F = 0.075, p>0.05). In other words, the slopes of regression in scores of both variables are
homogeneous (Table 3). The results of Levene’s assumptions confirmed the equality of variances of groups in
society (F=3.77, p>0.05); in other words, scores of knowledge of drug prescription principles (F=3.77, p>0.05) and
the distribution of scores of medicinal calculation ability (F=0.075, p> 0.05) were equal in both intervention and
control groups (Table 4).

Table 2. Distribution of pre-test and post-test scores in the two groups of intervention and control and ability of
medicinal calculations

Variables Pre Test Post Test
Intervention Control Intervention Control

Knowledge of drug prescription
principles

No 33 23 33 23
Kolmogorov-Smirnov
Z

1.297 1.16 1.093 1.19

p-value 0.069 0.133 0.184 0.123
Ability of medicinal calculations No 33 23 33 23

Kolmogorov-Smirnov
Z

1.329 1.382 1.294 0.969

p-value 0.059 0.044 0.07 0.305

Table 3. Covariance analysis to study regression slope
Variables Sum

Square
Degrees of
freedom

Mean
Square

F Sig.

Knowledge of drug prescription
principles

Group pre-
test

7.48 1 7.48 1.392 0.244

Errors 279.51 52 5.375
Ability of medicinal calculations Group pre-

test
83.927 1 83.927 3.26 0.077

Errors 1337.84 52 25.72

Table 4. Levene’s test for comparison of variance in scores between the two groups
Variables F df1 df2 Sig.
Knowledge of drug prescription principles 3.772 1 54 0.057
Ability of medicinal calculations 0.075 1 54 0.785

3.3. Results evaluation
With the approval of the default assumptions, the covariance analysis results are as follows. The results of
ANCOVA performed on scores of knowledge of drug prescription principles and ability of medicinal calculations in
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both groups (intervention and control) are provided in Table 5. In this analysis, the pre-test scores have been under
statistical control, meaning that the effect of pre-test scores was removed from post-test scores and the two groups
were compared based on the residual variance. The results showed no significant difference between the control and
intervention groups in terms of scores of knowledge of drug prescription principles (F=2.10, p>0.05). There was
also no significant difference in scores of medicinal calculation ability between the intervention and control groups
(F=0.132, p>0.05). The results in Table 6 show that the mean score of knowledge of drug prescription principles in
the pre-test was 5.54 in the intervention group and 5.43 in the control group. The post-test scores of knowledge of
drug prescription principles without controlling the confounding variable was 5.27 in the intervention group and
6.13 in the control group. As shown in Table 6, the mean and standard error of scores of knowledge of drug
prescription principles in both groups after controlling the confounding variable was 5.24 in the intervention group
and 6.16 in the control group, with no significant difference with each other (F=2.10, p>0.05). The independent-
samples t-test also showed that the intervention and control groups had no significant difference in either the pre-test
(p=0.862) or post-test (p=0.234), suggesting no impact of the application in the intervention group. The paired t-test
showed that the post-test and pre-test scores of knowledge of drug prescription principles in the control group were
similar (p=0.084). In the intervention group, the post-test and pre-test scores were also similar (p=0.958).
Unchanged pre-test and post-test scores in both groups represent a lack of educational impact through lecture and
training software in promoting knowledge of drug prescription principles.

The results summarized in Tables 4 through 6 show that the mean score of medicinal calculation ability in the pre-
test was 2.39 in the intervention group and 1.73 in the control group. The post-test scores of medicinal calculation
ability without controlling the confounding variable was 5.96 in the intervention group and 4.86 in the control
group. As shown in Tables 4 through 6, the mean and standard error of scores of medicinal calculation ability in
both groups after controlling the confounding variable was 5.73 in the intervention group and 5.21 in the control
group, with no significant difference with each other (F=0.132, p>0.05). The independent samples t-test also
indicated that the intervention and control groups showed no significant difference in either the pre-test (p=0.395) or
post-test (p=0.48), suggesting no impact of the application in the intervention group. The paired t-test showed that
the post-test scores of medicinal calculation ability had a significant increase compared to the pre-test in the control
group (p=0.001). A significant increase was also seen in the post-test compared to the pre-test in the intervention
group (p=0.003). Increased post-test scores in both groups represent the impact of education through lecture and
training software in the promotion of medicinal calculation ability.

Table 5. Analysis of covariance between the two groups in knowledge of drug prescription principles and ability of
medicinal calculations

Variables Sum of
Squares

df Mean
Squares

Sig. Eta
squared

Knowledge of drug prescription
principles

Groups 11.384 1 11.384 0.153 0.038
Pre-test 84.157 1 84.157 0.000 0.227
error 286.99 53 5.415

Ability of medicinal calculations Groups 3.55 1 3.55 0.717 0.002
Pre-test 339.80 1 339.8 0.001 0.193
error 1421.77 53 26.82

Table 6. Comparison of mean and standard deviation of knowledge and ability scores in the two groups in pre-test,
post-test, and post-test after controlling the intervention variables

Variables Pre-test Post-test Post-test, after controlling
pre-test variables

p-value

Mean (SD) Mean (SD) Mean (SE)
Knowledge of drug
prescription principles

Control 5.43 (2.46) 6.13 (2.43) 6.165 (0.485) 0.084
Treatment 5.54 (2.251) 5.27 (2.74) 5.24 (0.405) 0.598
p-value 0.862 0.234

Ability of medicinal
calculations

Control 1.73 (1.98) 4.86 (5.52) 5.21 (1.08) 0.001
Treatment 2.39 (3.25) 5.96 (5.83) 5.73 (0.90) 0.003
p-value 0.395 0.481
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4. Discussion
Learning practical skills before engaging in practical work is a critical issue in nursing care. Studies have shown that
novice nurses and nursing students have trouble in providing proper care to patients and calculating correct dosages
(23-25). Acquiring practical skills should lead to students’ mastery and ability to easily use such skills in practical
and real conditions (26-28). The use of new educational methods, including software and instructional videos, offers
new approaches in this regard. According to previous studies, e-learning results in a 20%–30% increase in learning
above the lecture method (8). However, some experts believe that e-learning is a supplement to common teaching
methods (11) and thus suggest a combined learning approach. According to Shirley et al., voice communication
between the learner and teacher affects effectiveness of this training method (11). Combining videos, images, and
animations with educational texts increases interest in learning and provides a balance in visual, written, and aural
learning (10). In other words, the purpose of using multimedia software as a derivative of e-learning (29) is to
promote students’ clinical skills and decision-making power (30). Using this method also creates the right conditions
for individual learning according to individuals’ capacity (11). Assuming that multimedia design compatible with
human functions is more effective than non-compatible type, planners should adopt a human-centered approach
when designing multimedia educational programs, because it focuses on using technology to help the power of
human cognition. Although there are different cognitive, structural, and behavioral theories in the field of learning,
only the Meyer multimedia theory has considered this issue (14, 31). In Koohestani et al.’s (2008) study, 48.5% of
nursing students produced medication errors. Bindler and Bayne (1991) studied 110 nurses to evaluate medicinal
calculation ability; 81% of nurses scored less than 90% and 43.6% less than 70%. Gladstone (1995) found that more
than 50% of medication errors related to drug amount, of which 30% stemmed from miscalculation of the amount
and infusion rate (32, 33). Gillham and Chu (1995) assessed the ability of 158 sophomore nursing students to
calculate drug doses using a 10-item questionnaire; only 55% of students answered all items correctly. The authors
found that students’ poor basic knowledge of math was a reason for these numerous mistakes (34). According to
another study, limited knowledge of pharmacology was the main reason for Japan’s new graduate nurses’ mistakes
in intravenous drug administration (5). Zahmatkeshan and Nick Pima also showed the prevalence of drug
miscalculations among nurses (35, 36). Wright’s study on the level of math comprehension and skills in sophomore
nursing students, performed using a self-made questionnaire and math tests, showed students’ significant weakness
in basic math calculations (37). According to Shams et al., nursing students’ pharmacology knowledge and drug
calculation skills of cardiac medicines were not at an acceptable level (38). Koohestani et al. (2008) also indicated
that medicinal miscalculations of cardiac drugs are the most common medicinal errors made by nursing students.
Haji Hosseini et al. (2012) assessed nursing students’ basic skills in pharmacotherapy and intravenous therapies at
the end of the third year and found the least skill in calculating the dose of drugs and serum drops (39).

Our results showed that, after training, nursing students’ drug calculation ability significantly increased in both the
control and experimental groups; this findings is consistent with previous studies stating that knowledge and skills
decrease after a while, so nurses may need to repeat courses (11). Studies have shown that most of students’ errors
are due to simple mistakes in drug calculations. Of 19 sophomore nursing students who failed the first test, only 3
repeated errors after training, and after the third training, all students correctly calculated the dose without error. The
results of this study show that repeated trainings can be effective in reducing nursing errors (33). Regarding
medication errors, reports show that the most common causes of errors are a lack of pharmacological information
(15.25%), a lack of attention to the dose in the drug card (13.55%), and drug miscalculations (11.86%). In another
study, the lack of pharmacological information (26.52%) was mentioned as one of students’ errors (25). According
to Kim et al., compared to a pamphlet, using a CD for teaching motivates students more. Khakbazan et al. observed
a significant increase in the mean of awareness after training in the software package group compared to the lecture
group (11). Another study showed that the use of educational software along with educational videos significantly
improved scores, while the control group using traditional training showed no significant change in the scores
(p>0.05) (10). A review article comparing education on drug dosage calculations between two groups through
lectures and strategies such as online learning of math and face-to-face training showed that the strategies used were
effective for more than 12 months when emphasizing two key points: math skills concepts and the conceptualization
of improving and maintaining calculation skills (40). To calculate drug doses correctly, conceptualization and
interpretation are also necessary in addition to mathematical knowledge (37). Despite studies that have pointed out
the effective role of media-assisted instruction, some studies have suggested that its effects are equal with other
methods. In a study by Jeffrise et al. on training skills for performing electrocardiography, no significant difference
was observed between two educational groups using multimedia versus conventional methods. Sung et al. compared
the effect of training on oral medication administration skills using conventional and multimedia methods; no
significant difference was observed in nursing students, although the multimedia group was more satisfied (11).
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Another study found that satisfaction and performance scores of a group trained through online education, videos,
and multimedia were associated with better clinical skills compared to the control group (41). Huihao et al. revealed
that the use of educational films during physical examination training can improve practical skills more than
traditional methods can (42). Using educational videos has led to significant improvements in senior nursing
students’ knowledge and practical skills compared to the control group (43). Regarding the teaching of
implementing drug orders for novice nurses, using a combination of face-to-face training and e-learning improved
their medical knowledge (22). But another study to assess the skills of monitoring vital signs with the help of
multimedia and using anatomic and physiologic content increased students’ practical skills, but not their level of real
knowledge (8). Another study about training nursing students in clinical skills using instructional videos showed
that, although a film could better complement the lecture, it cannot be perfectly substituted (10). Kaldron did not
find a significant difference between the two groups in terms of learning and multimedia (11).

5. Conclusions
It has been previously reported that using instructional videos to train nursing students to use clinical skills could
better complement lectures; however, they are not a perfect substitute. In addition, no significant difference emerged
between learning and multimedia groups in some previous studies. Similarly, this study found no significant
difference between the intervention and control groups in terms of education method. However, e-learning programs
can reduce lecture time and cost of repeated topics (e.g., medication), suggesting that it can be an effective
component in nurse education programs. Therefore, it seems that teaching with software and videos, instead of
lectures, can be successful.
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