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ABSTRACT

One of the most critical functions of a nurse is the safe administration of medications. To ensure patient safety, nurses must be
competent in medication dosage calculation (MDC) skills. It is imperative that nursing educators discover the most effective
teaching methodology to ensure the greatest level of competency in MDC skills. The purpose of this causal-comparative
quantitative study was to compare the effects of two teaching methodologies on senior-level nursing students’ completion of
program MDC requirements, mathematics self-efficacy, and MDC competency at program end. The sample consisted of 94
senior-level bachelor’s degree nursing students from a southeastern United States university in the spring of 2015. Each participant
completed a demographic questionnaire, Mathematics Self-Efficacy Scale (MSES), and MDC competency exam. Participants
were assigned to one of two groups based on whether the participants completed MDC education in a stand-alone course or
throughout the curriculum through self-learning modules. Chi-square and independent t-test results indicated that there were no
statistical differences between the two groups (stand-alone course vs. self-learning modules) and ability to complete program
MDC requirements, MSES scores, and MDC competency exam scores at program end. Data analysis using Chi-square and
Fisher’s Exact tests indicated a statistically significant, but weak, correlation between MSES scores and MDC competency exam
scores. Findings from this study indicate teaching MDC to nursing students using a stand-alone course versus self-learning
modules produces the same results in the students’ ability to complete program MDC requirements, mathematics self-efficacy,
and MDC competency at program end.
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1. INTRODUCTION
Medication errors and the difficulty nurses have with MDC
skills is a problem worldwide. With the frequent occurrence
of medication errors and the potentially lethal effects, MDC
practices and accuracy are of utmost importance to patient
safety. Studies have shown that both nursing students and
practicing nurses have problems accurately calculating med-
ication dosages.[1, 2] In a study by Fleming et al. (2014),
the MDC skills of registered nurses entering employment
at teaching hospitals were examined.[1] Even without the

“real world” stressors that come with administering medica-
tions, the overall test mean was 12.16 (SD = 3.91), a dismal
60.08%. Although accurate measurements of preventable ad-
verse drug errors (ADE) are hard to attain, the World Health
Organization (2017)[3] estimates that the global cost of medi-
cation errors is $42 billion annually. Medication errors also
have a significant impact on human life. According to the
WHO, an estimated 1.3 million people are injured daily due
to medication errors in the United States. These statistics
are alarming especially since medication errors are almost
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always preventable.

Some measures hospitals have implemented to reduce med-
ication errors include computer versus written doctor’s or-
ders, barcodes on medications/arm bands, electronic medi-
cation administration records (eMAR), medication dispens-
ing systems, and smart pumps.[4] Despite these automated
safeguards, medication errors still occur. Medication er-
rors involving infusion rates are especially alarming as these
medications are infused directly into the bloodstream and
cannot be “taken back.” Due to the high risk related to the
medications and the situations in which these medications
are administered, these types of errors are estimated to oc-
cur five times more than with other medications.[5] Use of
one, or all, of these technological advancements does not
replace the nurse’s duty to ensure the rights of safe medica-
tion administration: right patient, right drug, right dose, right
time/frequency, right route, right reason, and right documen-
tation.[6]

Self-efficacy is shown to positively correlate with perfor-
mance in academic functioning.[7–10] Bandura (1986) de-
fined self-efficacy as the judgment of people’s ability to
organize and execute the processes of action required to ac-
complish their stated goals.[11] Williams and Williams (2010)
explained that self-efficacy is derived from an individual’s
past experience with success or failed attempts at task mas-
tery.[12] Students with low self-efficacy may have already
established doubts in their abilities to perform certain tasks
with success such as MDC. These individuals avoid chal-
lenges and have lower aspirations and goals. Williams and
Williams (2010) proposed that not only does perceived self-
efficacy in math influence performance but that performance
reciprocally affects the individual’s math self-efficacy in a
dynamic process. Findings from this work provide support
for Bandura’s component of how performance achievement
effects self-efficacy. Gregory et al. (2019) found structured
interventions and instruction significantly improved students’
self-efficacy in math.[13] The increase in math self-efficacy
was associated with positive math performance. Nursing
educators need to determine educational strategies that will
help students achieve self-efficacy and become competent in
MDC.

To ensure patient safety, nurses must be competent in MDC
skills. It is imperative that nursing educators discover the
most effective teaching methodology to ensure the greatest
level of competency in MDC. Most nursing students are re-
quired to complete some form of MDC education in their
nursing curriculum. The MDC portion of the curriculum
often consists of high stakes testing requiring the student
to complete the exam(s) with 90% or higher accuracy.[14]

Despite the high standards required for progression related
to MDC skills, research continues to show that both current
nursing students and active, practicing nurses have signifi-
cant difficulty performing medication administration related
tasks.[2]

The purpose of this study was to compare the MDC com-
petency and self-efficacy of bachelor’s degree nursing stu-
dents based on teaching methodology. Two teaching method-
ologies were compared: self-learning modules and a stand-
alone lecture course. Discovering relations between teaching
methodology and the dependent variables, MDC competency
and self-efficacy, will allow faculty to develop teaching and
learning methodologies to promote successful acquisition of
MDC skills.

2. METHOD

This study was conducted in one school of nursing located
in the southeastern region of the United States. The hosting
institution offered a four-year bachelor’s degree program for
pre-licensure nursing. A causal-comparative design was used
for the research study. In this study, the differences between
two pre-existing groups based on outcomes, or dependent
variables were examined. All students holding senior-level
status during the spring 2015 semester in the pre-licensure
bachelor’s degree program were recruited. The study uti-
lized a convenience sample of two predetermined cohorts of
senior-level nursing students. Participation was on a volun-
tary basis, and each volunteer provided informed consent.
Inclusion criteria for the control group included senior level
program placement students who did not enroll in a stand-
alone MDC course. Inclusion criteria for the experimental
group included senior level placement in the nursing program
and completion of a stand-alone MDC course.

Both groups in the study were subjected to different teaching-
learning modalities regarding MDC skills. The groups re-
ceived identical posttests during the senior level in the nurs-
ing curriculum to examine MDC competency and mathemat-
ics self-efficacy. All voluntary participants were adminis-
tered a biographical questionnaire, MSES, and MDC compe-
tency exam. For the MSES, students were asked to complete
34 questions. The MSES is a two-part instrument with sub-
scales of Everyday Math Tasks and Math Courses. The
MSES assesses an individual’s confidence in completing
mathematics related tasks and courses. Betz and Hackett
(1983)[15] developed the MSES to measure students’ confi-
dence regarding ability to perform mathematics related tasks,
with a Cronbach reliability coefficient alpha of 0.96 for the
total scale.

The MDC competency exam consisted of 20 questions de-
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veloped by the researcher in collaboration with two nursing
faculty with expertise in dosage calculation. The MDC com-
petency exam addressed liquid and solid oral medications,
injections, reconstitution, dilution of medications, infusion
rates, titration adjustments, and determination of safe dose
ranges. The data was then analyzed utilizing Statistical Pack-
age for the Social Sciences (SPSS). Prior to implementation,
the researcher gained Institutional Review Board approval
from the hosting university.

3. RESULTS
3.1 Description of sample
The study participants consisted of senior-level nursing stu-
dents (N = 127) in a bachelor’s degree nursing program.
Ninety-four students participated in the study for a response
rate of 74%. The participants consisted of two groups of
students. Students in one group were taught MDC through
self-learning modules throughout the curriculum (n = 39),
and those in the other group were taught via a stand-alone
course at the start of nursing coursework (n = 55).

For participants that were taught via self-learning modules,
the majority of participants fell into the category of 18-24
years of age (34, 87%). Most of the participants were fe-
male (37, 95%) and selected White for race (38, 97%). The
majority of participants declared work status during school
as part-time (24, 62%). The majority of students selected
some college credits for educational level (25, 64%) and
were not required to repeat a course in order to meet MDC
competency requirements of the nursing program (37, 95%).
The mean GPA of this group of participants was 3.69 (SD
= 0.20). Frequencies and percentages for nominal variables
are presented in Table 1.

For the participants who were taught MDC via a stand-alone
course, the majority of participants fell into the category of
18-24 for age (39, 71%). Most of the participants were fe-
male (48, 87%) and selected White for race (47, 85%). The
majority of participants declared work status during school
as part-time (34, 62%). The majority of students reported
some college credits for educational level (28, 51%) and
were not required to repeat a course in order to meet MDC
competency requirements of the nursing program (54, 98%).
The mean GPA of this group of participants was 3.71 (SD
= 0.19). Frequencies and percentages for nominal variables
are presented in Table 2.

3.2 Research questions and hypotheses
3.2.1 Research Question 1
Research Question 1 sought to determine whether nursing
students attending a bachelor’s degree program completed
MDC requirements more successfully when taught as a stand-

alone course at program start versus self-learning modules
throughout the curriculum. The H1 states that there was no
difference in the successful completion of MDC require-
ments of nursing students attending a bachelor’s degree
program when taught as a stand-alone course versus self-
learning modules. To successfully complete program MDC
requirements, students must obtain a score of 90% or higher
on all MDC competency exams. If a student fails to achieve
a minimum score of 90% on any MDC competency exam,
the student was required to repeat the stand-alone course or
the lab that corresponded with the self-learning module.

Table 1. Frequencies and percentages for nominal variables
for self-learning module participant group

 

 

Variables n % 

Learning strategy   

Self-learning Module 39 100 

Age   

18-24 34 87 

25-34 4 10 

45-54 1 3 

Gender   

Female 37 95 

Male 2 5 

Race   

Asian/Pacific Islander 1 3 

White 38 97 

Work status   

During school breaks only 4 10 

Full-time 2 5 

Part-time 24 62 

Unemployed 9 23 

Educational level   

Bachelor's degree 2 5 

High school 10 26 

Some college 25 64 

Trade/vocational 2 5 

Repeat dosage course   

No 37 95 

Yes 2 5 

 Note. Due to rounding error, percentages may not add up to 100. 

 
A chi-square was conducted to assess the relationship be-
tween students required to repeat an MDC and teaching
methodology. The variable of repeating a course had two
levels: no and yes. The variable teaching methodology had
two levels: Course and Self Modules. Prior to analysis, the
assumption of adequate cell size was assessed by viewing
expected values. For the assumption to be met, all cells must
have expected values above 1.00, and no more than 20%

38 ISSN 1925-4040 E-ISSN 1925-4059



http://jnep.sciedupress.com Journal of Nursing Education and Practice 2020, Vol. 10, No. 3

of the cells should have expected values that are less than
5.00. The assumption was not met, and thus the Fisher’s
Exact Test was conducted in place of the chi-square test of
independence. The result of the Fisher’s Exact test was not
significant, p = .568, suggesting there was not a relationship
between students repeating courses and teaching methodol-
ogy, or failure to reject the null hypothesis (see Table 3).

Table 2. Frequencies and percentages for nominal variables
for stand-alone course participant group

 

 

Variables n % 

Learning strategy   

Course 55 100 

Age   

18-24 39 71 

25-34 13 24 

35-44 3 5 

Gender   

Female 48 87 

Male 7 13 

Race   

African American 3 5 

Asian/Pacific Islander 4 7 

Other 1 2 

White 47 85 

Work Status   

During school breaks 4 7 

Full-time 3 5 

Part-time 34 62 

Unemployed 14 25 

Educational level   

Associates degree 1 2 

Bachelor’s degree 16 29 

High school 9 16 

Some college 28 51 

Trade/vocational 1 2 

Repeat dosage course   

No 54 98 

Yes 1 2 

 Note. Due to rounding error, percentages may not add up to 100.  

 
3.2.2 Research Question 2

Research Question 2 attempted to discover whether nursing
students attending a bachelor’s degree program demonstrate
greater MDC competency at program end when taught MDC
skills at the beginning of the curriculum in a stand-alone
course or throughout the curriculum from self-learning mod-
ules. The H2 states there was no difference in the MDC
competency at program end in nursing students attending a
bachelor’s degree program when taught MDC skills at the

beginning of the curriculum in a stand-alone course versus
throughout the curriculum from self-learning modules.

Table 3. Chi-Square between repeating course and teaching
methodology

 

 

Rpt_course 
teaching methodology 

χ2(1) p 
Course Self Modules 

No 54 [53.2] 37 [37.8] 
- .568 

Yes 1 [1.8] 2 [1.2] 

 Note. For each cell, numbers outside brackets represent observed values,  
while numbers in brackets represent the expected values of the cell. Fisher’s  
Exact Test was conducted due to violations in the assumptions, thus no chi- 
square statistic was calculated. 

 

Participants were administered a 20-item MDC competency
exam. One point was assigned to each correct answer. The
total number of points was then divided by the total number
of items to formulate a percentage score on the exam for
each participant. The MDC competency exam scores ranged
from 50%-95% with a mean of 72.95% (SD = 12.655) for
the self-module group and 30%-95% with a mean of 69.09%
(SD = 16.917) for the stand-alone course group.

The group taught via self-learning modules received a formal
MDC competency exam following the completion of each
self-learning module, for a total of four semesters. Their most
recent exam linked to a self-learning module was completed
the semester prior to this study. The group of participants
taught MDC skills in a stand-alone course received the last
formal MDC competency exam three semesters prior to this
study.

An independent sample t-test was conducted to assess
whether there were differences in MDC competency exam
scores by teaching methodology (Course vs. Self-Modules).
Prior to analysis, the assumption of normality was assessed
using a Shapiro-Wilk test. The result of the test was sig-
nificant, p = .009, violating the assumption of normality.
However, Howell (2017) suggests that the t-test is robust
despite violations of normality when the independent sample
sizes are greater than 30.[16] The assumption of equality of
variance was assessed using Levene’s test. The result of the
test was not significant, p = .125, indicating the assumption
of equality of variance was met.

The results of the independent sample t-test were not signifi-
cant, t(92) = -1.20, p = .232, suggesting that there was not
a difference in MDC competency exam score by teaching
methodology, or failure to reject the null hypothesis (see
Table 4).

3.2.3 Research Question 3
Research Question 3 asked whether there are differences in
mathematics self-efficacy between students who are taught
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MDC skills as a stand-alone course versus self-learning mod-
ules throughout the curriculum. The H3 states that there was
no difference in mathematics self-efficacy between students
who are taught MDC skills as a stand-alone course versus
self-learning modules throughout the curriculum.

Table 4. Independent sample t-Test for dosage calculation
exam by teaching methodology

 

 

Variable t(92) p 
 Course 

 
Self Modules 

Cohen’s d M SD M SD 

Exam -1.20 .232 0.26 69.09 16.92  72.95 12.66 

 

The MSES tool consists of 34 items, to which the participant
responds on a Likert scale of 0-9, for a total of 0-306. To
obtain the participants’ scores on the MSES, the sum of all
responses were divided by 306 to form a percentage score
on the instrument. The MSES scores from the self-learning
modules group ranged from 43.14%-97.06% with a mean of
74.68% (SD = 13.23). The score range for the stand-alone
course group was 57.84%-99.35% with a mean of 78.93%
(SD = 10.69).

An independent sample t-test was conducted to assess
whether there were differences in MSES score by teaching
methodology (Course vs. Self-Modules). Prior to analysis,
the assumption of normality was assessed using a Shapiro-
Wilk test. The result of the test was not significant, p = .101,
validating the assumption of normality. The assumption of
equality of variance was assessed using Levene’s test. The
result of the test was not significant, p = .075, indicating the
assumption of equality of variance was met.

The results of the independent sample t-test were not sig-
nificant, t(92) = 1.72, p = .089, suggesting that there was
not a difference in MSES score by teaching methodology, or
failure to reject the null hypothesis (see Table 5).

Table 5. Independent sample t-Test for MSES score by
teaching methodology

 

 

Variable t(92) p 
Cohen’s 
d 

Course 
 

Self Modules 

M SD M SD 

MSES score 1.72 .089 0.35 78.93 10.69  74.68 13.23 

 

3.2.4 Research Question 4

Research Question 4 inquired whether there was a relation-
ship between mathematics self-efficacy and MDC compe-
tency exam scores. The H4 states that there was no relation-
ship between mathematics self-efficacy and MDC compe-
tency exam scores. A Pearson correlation matrix was created
among MDC competency exam and MSES scores. Although
the correlation was weak, it showed that MDC competency
exam scores were significantly correlated with MSES scores
(see Table 6). A significant positive correlation, r(94) =

0.232, p = .024, indicated that as one variable increases,
the other variable also tends to increase; therefore, the null
hypothesis was rejected.

Table 6. Correlation matrix among MDC competency exam
and MSES scores

 

 

  Dosage Exam Self-Efficacy  

 Pearson Correlation 1 .232* 

Dosage exam Sig. (2-tailed)  0.024 

 N 94 94 

 Pearson Correlation .232* 1 

Self-Efficacy Sig. (2-tailed) 0.024  

 N 94 94 

 *p ≤ .050 

 

4. DISCUSSION AND CONCLUSION

Nurses are the primary administrators of medications and the
last line of defense between patients and medication errors.
Nurses are educated in MDC skills during the pre-license
nursing curriculum. Nursing education often requires a high
level of accuracy, greater than or equal to 90%, and high
stakes testing.[14] Despite nursing students’ abilities to suc-
cessfully complete the their program’s MDC competency
requirements, studies show that both nursing students and
currently practicing nurses have problems accurately calcu-
lating medication dosages.[1, 2] According to Simonsen et al.,
(2014)[2] although nurses performed significantly better than
students in pharmacological knowledge, drug management,
and drug calculations, the researchers found this marginal im-
provement to not be clinically significant. These researchers
surmised that both groups had insufficient knowledge in med-
ication administration and posed a high risk for error. While
all students in this study successfully completed program
MDC requirements with a 90% or higher, the participants
performed at a much lower level on the study’s MDC com-
petency exam.

Lazare (2018)[17] found students believed that content reten-
tion was linked to continuous practicing of material learned
in the classroom whether it be alone, in groups, or during
clinical practicums. With one group having more recent
performance achievement, one might expect this group to
exhibit better performance on the MDC competency exam
in this study.[18] Even though the results were not signifi-
cant, the students who most recently completed their MDC
(self-module group) scored higher on the MDC exam.

In addition to performance achievement, Bandura (1994)[19]

proposes that individuals can gain a sense of self-efficacy
through social modeling and positive verbal persuasion. So-
cial modeling states that by observing others, similar to one’s
self, achieve task competencies, individuals can model the
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behavior to achieve goals and self-efficacy. Positive verbal
persuasion helps boost perseverance, while prosocial orien-
tation can increase self-efficacy and academic functioning
through decreasing depression and problem behaviors.[18, 19]

In this study, statistical significance was found through a
weak, positive correlation between MSES and MDC exam
scores.

This study also supports that MDC competency is a serious
problem for nursing education, the practice of nursing, and
patient health and safety. These results imply a need for
further investigation into self-efficacy, teaching, and learn-
ing related to MDC skills in nursing education and practice.
Faculty should examine curriculum, teaching methodologies
and student performance for their own programs to deter-
mine areas that need modification in order to help ensure
student MDC competency. Faculty should also make sure
to implement MDC skills throughout the curriculum and al-

low students numerous opportunities to practice these skills.
Since MSES has a significant positive correlation with MDC
competency, incorporating practices such as positive verbal
persuasion, modeling, and promoting prosocial classroom
behaviors.

With unequal groups, small sample size, and the inability to
manipulate variables, future studies are needed in the area
of nursing MDC. Through the use of larger cohorts, multi-
ple schools of nursing, different levels of nursing education,
and a variety of teaching strategies, future research has the
potential to present more complete and comprehensive data
regarding factors to increase MDC skill acquisition and re-
tention. Future research should focus on the impact of the
classroom environment and faculty teaching style on student
learning and self-efficacy.
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