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Background: Accurate calculation of medication dosages can be challenging for nursing students. Specific inter-
ventions related to types of errors made by nursing students may improve the learning of this important skill.
Objective: The objective of this study was to determine areas of challenge for students in performing medication
dosage calculations in order to design interventions to improve this skill.
Design: Strengths andweaknesses in the teaching and learning of medication dosage calculations were assessed.
These data were used to create online interventions whichwere thenmeasured for the impact on student ability
to perform medication dosage calculations.
Setting: The setting of the study is one university in Canada.
Participants: The qualitative research participantswere 8 nursing students fromyears 1–3 and8 facultymembers.
Quantitative results are based on test data from the same second year clinical course during the academic years
2012 and 2013.
Methods: Students and faculty participated in one-to-one interviews; responses were recorded and coded for
themes. Tests were implemented and scored, then data were assessed to classify the types and number of errors.
Results: Students identified conceptual understanding deficits, anxiety, low self-efficacy, and numeracy skills as
primary challenges in medication dosage calculations. Faculty identified long division as a particular content
challenge, and a lack of online resources for students to practice calculations. Lessons and online resources de-
signed as an intervention to target mathematical and concepts and skills led to improved results and increases
in overall pass rates for second year students for medication dosage calculation tests.
Conclusion: This study suggests that with concerted effort and a multi-modal approach to supporting nursing
students, their abilities to calculate dosages can be improved. The positive results in this study also point to the
promise of cross-discipline collaborations between nursing and education.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Accurate medication dosage calculations (MDCs) can be simple or
complex depending on the conversions required as well as the context,
age, andweight of the patient.Medication errors include selection of the
wrong medication, missed doses, and improper dose calculations; im-
proper dose ofmedications represents up to one-third of themedication
errors that occur (LaPointe and Jollis, 2003; Parshuram et al., 2008).
These calculation errors can result in impacts ranging from minimal
(loss of positive effect of the medication without harm) to extreme
(death of a patient). A study in the neonatal unit found that nurses'
hybruce@trentu.ca (C.D. Bruce).
calculation errors would have resulted in administration of 10 times
the prescribed dose (Simpson et al., 2004).

Nurses dedicate approximately 40% of their time administering
medications (Armitage and Knapman, 2003); therefore, learning to
accurately perform MDCs during nursing education is important to
prevent medication errors. More than half of nursing students around
the world fail numeracy and MDC tests (Jukes and Gilchrist, 2006;
Grandell-Niemi et al., 2006; McMullan et al., 2010; Ramjan, 2011).
While only limited work assessing capacity has been done in Canadian
schools of nursing (Barkhouse-MacKeen and Murphy, 2013), anecdotal
evidence from both faculty and students indicate that this problem does
exist in Canadian nursing education.

The aimof this studywas to evaluate the incidence and type of errors
made by nursing students when performingMDCs and to subsequently
design and test an online intervention resource with the goal of decreas-
ing the incidence ofMDC errorsmade by nursing students. In this innova-
tive joint approach, faculty from both Nursing and Education combined
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expertise to examine the problem from both a mathematics educa-
tion lens and a nursing education lens. To the best of our knowledge,
this trans-disciplinary study is the first of its kind to be completed at
a Canadian university.

2. Background

Numeracy is a key competency for registered nurses, as it forms the
basis for many aspects of the nurse's role in practice; of central interest
to this study, numeracy underpins the ability to safely administer med-
ications. “To be numerate means to be competent, confident, and com-
fortable with one's judgements on whether to use mathematics in a
particular situation, and if so, what mathematics to use, how to do it,
what degree of accuracy is appropriate, and what the answer means
in relation to the context.” (Coben, 2000 as cited in Young et al., 2013
pe12). The inability to accurately perform medication dosage calcula-
tions (MDCs) can jeopardize patient safety. InaccurateMDCs represents
up to one-third of the medication errors that occur during medication
administration (Armitage and Knapman, 2003; LaPointe and Jollis,
2003); errors in calculation becomemore significant when administer-
ing intravenous medication or when administering medication to chil-
dren (Armitage and Knapman, 2003; Parshuram et al., 2008; Simpson
et al., 2004). Despite the importance of this skill, evidence indicates
that nursing students lack a solid foundation in numeracy (Dilles et al.,
2011; Eastwood et al., 2011; Grandell-Niemi et al., 2006; Jukes and
Gilchrist 2006; McMullan et al., 2010). Key requisite skills are multipli-
cation, division, conversion of fractions to decimal equivalents, multiple
computations, and understanding of conversion of SI and other units of
measurement (Weeks et al., 2013a). It is therefore crucial to provide
nursing students the opportunity to strengthen their numeracy skills
during their nursing education.

Developing effective teaching strategy involves an understanding of
the barriers to student success.With respect to MDCs, these barriers are
limited procedural fluency, reduced conceptual competence, significant
math anxiety, and lack of self-efficacy (Hunter-Revell and McCurry,
2013; McMullan et al., 2012; Ramjan et al., 2014; Weeks et al., 2013c).
Limited opportunity to practice this skill during nursing programs also
reduces proficiency (Barkhouse-MacKeen and Murphy, 2013). Nursing
students with low self-efficacy and higher math anxiety experience
higher anxiety and reduced performance on MDC tests (Andrew et al.,
2009; McMullan et al., 2012); they are concerned that their lack of
math skills may result in “killing the patient” (Ramjan, 2011 p e19).
While anxiety and self-efficacy are important in accurate MDCs, this
studywas concernedwith only proceduralfluency and conceptual com-
petence. Analysis of student errors indicates that conceptual errors con-
stitute approximately one-third of errorswhilemathematics procedural
errors explain the other two-thirds of errors by nursing students on
MDC tests (Eastwood et al., 2011; Weeks et al., 2013a).

Procedural fluency or arithmetic/computational skills include addi-
tion, subtraction, multiplication, division, fractions, decimals, and conver-
sion between SI units or between fractions and decimals. Errors in
procedural fluency occur at a rate of 20%, with the most common errors
resulting from division of whole numbers and conversion of fractions to
decimals or conversion of mg to mcgs (Weeks et al., 2013a). These skills
are learned in grades 6–8 in the Ontario school curriculum (Ontario
Curriculum, Grades 1–8 Mathematics, 2005) A knowledge gap around
one ormore of those basicmath skills is likely due to an earlier lack of un-
derstanding of the underlying concept of fractions and unit fractions
(Bruce et al., 2014). This lack of understanding and the related procedural
difficulties with operations may remain hidden through high school only
to reappear when healthcare providers need these skills to safely admin-
istermedications. These errors are known as “dropped stitches associated
with absence fromprimary or secondary school as a critical time or failure
to understand a key mathematical concept that resulted in a missing link
in the learning process” (Weeks et al., 2013a pe44). A basic numeracy test
could detect this type of error and allow remediation at entry to a nursing
program (Barkhouse-MacKeen andMurphy, 2013). Use of calculators can
eliminatemathematical errors butmay produce clinically implausible an-
swers, thereby unmasks the contextual errors.

For nursing, conceptual competence involves the ability to
“a) Understand the elements of prescription charts, dispensed med-
ication labels and medication data sheets and monographs, and then
subsequently extract the numerical information necessary to set up
the dosage correctly. b) Position the numerical information appro-
priately and correctly in the equation format for calculation.”
(Weeks et al., 2013c pe25) This competence is simple to describe
theoretically, but a theory–practice gap exists that is very difficult
to bridge. Nursing students have limited clinical experience when learn-
ing how to performMDCs; without an understanding of how the answer
will be used, it is difficult to understand how to achieve the answer. The
use of contextualized teaching and assessment methods has been
shown to reduce errors by nursing students on MDC tests (Costello,
2011; Eastwood et al., 2011; Ramjan, 2011; Ramjan et al., 2014; Weeks
et al., 2013b, 2013a). A dissenting opinion as to the validity and relevance
of MDC testing to predict for clinical errors does exist (Dyjur et al., 2011;
Wright, 2010); however, MDC testing is currently standard practice in
nursing education in Canada.

Nursing students must learn to precisely calculate drug dosages in
their practice. This critical issue deserves attention in two particular
forms. First, there is a need to understandwhere the mathematics skills
and knowledge related to MDCs (including fractions) is breaking down
for nursing students. Second, there is a need for continued research on
the effects of nursing education that focus on MDCs in context. The
aim of this study was to address the first need by evaluating the inci-
dence and type of errors made by nursing students when performing
MDCs program and to address the second need by designing a precise
online intervention resource to decrease the incidence of MDC errors
made by nursing students. In this innovative joint approach, faculty
from both Nursing and Education combined expertise to gain a broader
and deeper understanding of the mathematics challenges nursing stu-
dents were facing and to develop effective resources to support these
students.
3. Methods

Given the background above on existing research and some of the
challenges nursing programs are facing, the research team asked two
main questions.

1) Is there a problemwith dose calculations abilities of this population
of nursing students, and if so, what types of errors are the nursing
students making?

2) Can a well-developed and targeted online intervention help to
improve student performance on drug calculation tests?
3.1. Participants

Eight nursing students in years 1–3 of an accredited 4-year nursing
program volunteered to be interviewed for qualitative data collections
regarding challenges and areas of success in MDCs. Eight faculty/staff
members involved in teaching MDCs were also interviewed to deter-
mine what they found difficult to teach and/or observed as difficult to
learn in the areas of fractions concepts and MDC procedures. Data
from 57 nursing students in year 2 of the same program were also
gathered to assess the type of calculation errors that occurred
most frequently; these baseline data assessed MDC ability before on-
line interventions were made available to students. Comparative data
from nursing students were gathered after the implementation of online
resources for students, in the next academic year.
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3.2. Data Sources

Data sourceswere varied to provide asmuch information as possible
to direct the development of most appropriate intervention materials.
Each source of data served a particular purpose (Table 1).
3.3. Research Process

The study involved a unique partnership between investigators from
the Trent/Fleming School of Nursing and the Trent School of Education.
Ethics approval was obtained from the Trent University Ethics Board for
this work. The mixed-methods study began with a needs assessment;
this included interviews with students from years 1–3 as well as inter-
views with nursing faculty members involved in teaching or assessing
MDCs. This qualitative data informed the research as to which areas of
teaching and learning are perceived as challenging. MDC test data
were analyzed for the incidence and type of errors that occurred during
testing of second year students. The types of errors were divided into
two categories, either conceptual or procedural. This qualitative data
allowed assessment of specific areas of weakness for students when
being tested for the ability to perform accurate MDCs. Based on the
interview and test data, an intervention program was developed
and made available to students online. This program involved two
parts—lessons around basic mathematics such as fractions, division,
and ratio, and practice questions designed to enhance conceptual
understanding of MDCs. The impact of this intervention was tested
by analyzing the MDC test data for the cohort of second year stu-
dents in the next academic year. A convenience sample of students
in two different academic years was used for the test data.
3.4. Student Interviews

Students in years 1–3 from the Trent/Fleming School of Nursing
were asked to participate in interviews to determine their ability to per-
formMDCs and the strategies used at the school for teaching dose calcu-
lations. A representative sample of eight volunteers were asked the
following questions: (1) What are your current areas of difficulty with
respect to math and MDCs; (2) What do you think are the current suc-
cessful strategies being used in the Trent/Fleming School of Nursing for
teaching MDCs; (3) What do you think are the current unsuccessful
strategies being used in the Trent/Fleming School of Nursing for teach-
ing MDCs; (4) What recommendations do you have to improve the
teaching of MDCs? Interviews lasted 20 min and could be terminated
at any time by the student. Responses were analyzed by the interviewer
to look for common and contradictory themes.
Table 1
Data sources and related purposes.

Data source Purpose

MDC test results of 57 students in
year 2 of the nursing program

To gain a better understanding of the
clustering of types of calculation and concept
errors of nursing students and to serve as
baseline data.

Interview transcripts of 8 faculty To gain a better understanding of what the
faculty involved in teaching MDCs noticed as
particular stumbling blocks or challenges in
their teaching and/or in student learning

Interview transcripts from 8
students in the nursing program

To gain a better understanding of what the
particular calculation challenges were, for a
subset of nursing students, including learning
more about perceptions about the instruction
provided for MDCs.
To learn more about the specific strategies
that these students used to calculate dosages.

Post intervention scores To assess the effects of the online
intervention.
3.5. Faculty Interviews

Eight faculty/staff members from the Trent/Fleming School of
Nursing who were involved directly in teaching MDCs or assessment
and remediation after tests were asked the following questions:
(1) What types of math did you perceive as challenging for students;
(2) What methods are you aware of by which students are currently
being supported as they learn to calculate medication doses; (3) What
potential aids or supports do you believe aremissing but could be useful
for students learning to calculate dosages; (4) Do you support the idea
of an entry level test to assess where students' strengths and weakness
are in arithmetic skills before they begin the Nursing Program? The in-
terviews lasted 20–30min and could be terminated at the request of the
subject. The responses were analyzed by the interviewer to examine
common and contradictory perspectives and themes.

3.6. Analysis of Student Errors in Dose Calculations

To determine what types of errors are being made by students, the
results of tests for second year students were analyzed item by item.
Tests were collected from the summer term of the academic year
2012; a total of 57 tests were collected for analysis. Tests were analyzed
for types of mistakes using the following definitions. (i) Conceptual er-
rors were defined as those that indicate lack of understanding of the
meaning and mathematics of the question; this included the use of an
inappropriate formula to attempt to answer the question. (ii) Procedur-
al errors were defined as incorrect calculations of an answer when the
question was correctly set up. Data were subdivided to identify the
type of errors made—division, multiplication, addition, subtraction, or
conversion. (iii) Unit errors were defined as the presence of incorrect
units. (iv) Clinically implausible errors were recorded when the answer
would require the administration of impossible or unsafe amounts of
medication. Two investigators reviewed the tests to record errors; un-
clear classifications were reviewed by both investigators. Item analysis
was completed for all test items and total tests.

3.7. Analysis of Student Success Rate in Achieving 80% or Greater on Dose
Calculation Tests

To determine the success rate of students on MDC tests, the grades
on tests for students enrolled in NURS 2021H during the academic
year 2012 were recorded. Test scores, which included 57 tests from
the summer term of the year 2012, were divided into 3 groups: 100%,
80–99%, and b80%. A grade of 80% or greater is considered a pass for
the test.

3.8. Intervention Design

Three graduating Teacher Candidates from the Trent School of Edu-
cation were given a summary of the challenges faced by nursing stu-
dents from the interview and test data, so that they could then begin
creating pedagogically sound online resources to support nursing stu-
dentswithMDCs. Online resources to encourage the practice of basic ar-
ithmetic skills were also gathered. The resources were generated in a
virtual learning space and placed onto the centralized Trent/Fleming
BScN Intranet site for students.

3.9. Intervention Testing

To determine if the online intervention resources were effective in
decreasing the number and types of errors being made by students on
MDC tests, the results of pre-tests from the summer term were com-
pared to post-tests of the following academic year. Tests were collected
from all three terms of the academic year 2013; a total of 180 tests an-
alyzed for types of mistakes using the same definitions as outlined
above. Two investigators reviewed the tests to record errors; unclear



Table 2
Student interview themes.

Question Response themes

(1) What are your current areas of
difficulty with respect to math and
medication dose calculations?

FINDING 1a: Limited ability to estimate
the answer in advance; only 1 student
who was interviewed was confident
about that ability
FINDING 1b: Self-doubt about
accuracy—prefer to use calculator to
check answer, though realization that
calculator does not provide correct
answer if use makes mistake keying in
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classifications were reviewed by both investigators. Types of errors
were then expressed as a percent of total test items to make the com-
parison between years. A chi-square test for goodness of fit was per-
formed in order to determine if the distribution of drug calculation
errors seen in the 2013 academic year closely followed the distribution
of errors seen in AY 2012.

The 180 tests fromall three terms of the year 2013were divided into 3
groups: 100%, 80–99%, and b80%. The resultswere expressed as a percent
to compare to the data obtained from the summer of 2012. A chi-square
test for goodness offitwas also performed to determine if the distribution
of students' overall test grades was similar for both academic years.
numbers
FINDING 1c: Lack of connection to
practice—students cannot envision
what they would do with the
calculation result in practice
FINDING 1d: Self-efficacy low in ability
to perform dose calculations correctly

(2) What do you think are the current
successful strategies being used in the
TFSON for teaching medication dose
calculations?

FINDING 2a: Textbook is very useful,
affords opportunity for lots of practice
questions
FINDING 2b: Small group allows focus
on individual questions
FINDING 2c: Teaching of multiple
methods to solve problems allowed
students to find the way that works for
them.

(3) What do you think are the current
unsuccessful strategies being used in
the TFSON for teaching medication
dose calculations?

FINDING 3a: First year—checking of
homework not useful as check was for
completion not accuracy; volume of
homework overwhelming
FINDING 3b: Second year—disconnect
between simply practice question and
more difficult test questions; missing
clinical time and moving to practice on
mannequins provokes anxiety and
failure; difficulty setting up remedial
help groups
FINDING 3c: Third year—students
cannot conceptualize IV (intravenous)
calculations; do not know how to apply
the formulas

(4) What recommendations do you
have to improve the teaching of
medication dose calculations?

FINDING 4a: Pre-test of general math
skills after acceptance into program; a
pass means opens MDC online module
over the summer (with interactive
online modules); a fail on pre-test flips
students into a remedial group who do a
mix of online/face-to-face activities or
workshops to improve general math
skills before moving on to MDC module
FINDING 4b: Peer-mentoring—based on
pre-test, students are divided into
pairs/small groups based on
4. Results

4.1. Student Interview Responses

When this study began, students at the Trent/Fleming Schools of
nursing were taught MDCs exclusively in their first year but tested in
years 1–3. Students from years 1–3 were interviewed to determine
their opinions about the teaching of MDCS at Trent (see Table 2 for
full responses). Themes expressed consistently by students across all
years of the program included difficulty with the ability to estimate
the expected answer, doubt about accuracy of the response, lack of con-
textualization, and low self-efficacy.

In interviews, nursing students reported that there were several
helpful structures in the nursing program that helped them with
MDCs. These were the inclusion of a variety of methods of instruction
(ratio method; proportion method; dimensional analysis method);
use of the textbook practice questions; and small group work that pro-
vided the opportunity to ask their own questions on the spot. Chal-
lenges identified by the nursing students were homework that was
found to be onerous; toomuch class time spent on verifying completion
of homework; accessing remedial help; increased complexity of test
questions in second year than first year; and difficulty in conceptualiz-
ing how the MDC results would be reflected in practice.

Third year students, who were being tested on intravenous calcula-
tions, also found it particularly challenging to remember the formulas
and how to use them for these more complex MDCs.

Themost common suggestions from nursing students for improving
the teaching of MDCS included categorizing students before entry into
the program based on a test of general math ability; providing realistic
materials that would be used to perform medication administration in
order to bridge the theory-practice gap; spreading the teaching of
MDCs across the nursing years in line with clinical placements; and or-
ganization of peer-mentoring by faculty.
strong/weak to teach and learn; OR
could provide upper year buddies to
pair with first year students during
summer before school or during school
FINDING 4c: Students should be able to
ask their own instructor for extra help,
not someone new; study groups should
be organized by faculty, not students
FINDING 4d: More complex problems
should be presented after first year,
possibly with another (small)
medication dose calculation textbook
FINDING 4e: Have actual materials on
hand (IV, syringes, med vials) to provide
more context to increase understanding
of the process beyond the MDC
FINDING 4f: Different 12 U math
pre-req. with a certain grade
requirement for entry to the program
4.2. Faculty/Staff Interview Responses

Eight faculty/staff members at the Trent/Fleming School of Nursing
involved in teaching MDCs were interviewed (see Table 3 for full re-
sponses). The most challenging arithmetic issue was long division.
This was common across all student levels, and was enhanced by the
rule that calculators were not permitted. Faculty/Staff saw that students
commonly used the khanacademy.org site to review long division. Prac-
tice questions, in class or in the text, were also supports for students. A
common need identified by faculty and staff was to provide online op-
portunities for students to practice “real-life” (contextualized) MDC
questions with simulated consequences. Another suggestion was the
provision of peer-run math workshops for students. Faculty/Staff did
not support testing student ability with a pre-entry general math skills
test due to anxiety for students and the potential unreliability of the
results. There was support for a math personality test that could be
used by students to inform their remedial work and customize learning
strategies.



Table 3
Faculty interview themes.

Question Response themes

(1) What types of math did you
perceive as challenging for students?

Division was a challenge, particularly
long division when no calculator was
allowed

(2) What methods are you aware of by
which students were currently being
supported as they learn to calculation
medication doses?

Supports were khanacademy.org site
for lessons on division; small group
work; practice questions

(3) What potential aids or supports do
you believe are missing but could be
useful for students to use if they were
finding math experiencing challenges
with learning dose calculations?

Need a variety of activities; interactive
online games to practice basic skills;
“real life” calculation questions that
have consequences of mistakes for
students to actually see the result of
errors; math workshops run by peers

(4) Do you support the idea of an entry
level test to assess where students'
strengths and weakness are in
arithmetic skills before they begin the
Nursing Program?

Most faculty did not support an entry
test due to the anxiety it would
generate ins students and the confusion
in how to evaluate the test, as well as
the reliability of the results if not given
in person. When asked all supported a
“Math personality test” to give students
an idea of their personal strengths and
weaknesses in math.

Table 5
Categorization and occurrence of conceptual errors made by students on medication dose
calculation tests before (AY2012) and after (AY 2013) interventions.

Year No answer Formula selection/set up Implausible answer

AY 2012 6.1% 1.5% 0.7%
AY2013 1.1%⁎ 1.4%⁎ 0.1%⁎

Notes: Conceptual errors were sub-divided into 3 types. No answer was the designation
when the question was left blank. Formula selection/set up was the designation when the
error involved inappropriate selection of formula or the correct formula was chosen but set
up incorrectly. Clinically implausible was the designationwhen the answer led to attempted
administration of impossible or unsafe amounts of medication. The datawere expressed as a
percent of the total to allow comparison between years. AY2012 is the data from pre-inter-
vention students and AY 2013 is the data from post- intervention students.
⁎ A chi-square test for goodness of fit was performed in order to determine if the

distribution of drug calculation errors seen in the 2013 academic year closely followed the
distribution of errors seen in the previous academic year, prior to the intervention. A
significant difference was found in the distribution of calculation errors between the 2
years (x2 = 97.51, p b .001). Students taking the drug calculation test in 2013made fewer
errors than would be expected in all of the error categories compared to students taking
the test in 2012. The effect size of the difference in these distributions of errors was found
to be moderate (w= .33).
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4.3. Analysis of Student Errors in Medication Dose Calculation Tests

In the analysis of student errors during the 2012 academic year, stu-
dents made conceptual, procedural, and unit errors on their MDC tests.
Conceptual and procedural errors occurred more commonly than the
unit errors (8.3% vs 6.1% vs 1.8%) in the MDC tests (see Table 4). The
most common conceptual error in the pre-test was “No Answer,” indicat-
ing no attempt at an answer (see Table 5). Themost common procedural
errors were made in division and multiplication (see Table 6).

Conceptual errors were defined as those that indicate lack of under-
standing of how to do the question. Procedural errors were defined as
incorrect computation of an answer when the question was correctly
set up. Unit error was recorded when the incorrect units were written,
though the answer was correct. In the academic year 2012 (AY 2012),
there were 57 tests with 8 answers per test for a total of 456 tests
items. In the academic year 2013 (AY 2013), there were 180 tests
with 5 answers per test for a total of 900 tests items.

Conceptual errors were subdivided into 3 types. No answer was the
designation when the question was left blank. Formula selection/set up
was the designation when the error involved inappropriate selection of
formula or the correct formulawas chosen but set up incorrectly. Clinical-
ly implausiblewas the designationwhen the answer led to attempted ad-
ministration of impossible or unsafe amounts of medication. Data were
expressed as a percent of the total to allow comparison between years.
A chi-square test for goodness of fit was performed in order to determine
if the distribution of drug calculation errors seen in the 2013 academic
year closely followed the distribution of errors seen in the previous
Table 4
Categorization of types of errors made by students on medication dose calculation tests.

Year Total items Conceptual errors Procedural errors Unit errors

AY 2012 456 38 28 8
AY2013 900 24 4 5

Notes: Conceptual errorswere defined as those that indicate lack of understanding of how
to do the question. Procedural errors were defined as incorrect computation of an answer
when the question was correctly set up. Unit error was recordedwhen the incorrect units
were written, though the answer was correct. In the academic year 2012 (AY 2012), there
were 57 tests with 8 answers per test for a total of 456 tests items. In the academic year
2013 (AY 2013), there were 120 tests with 5 answers per test for a total of 900 tests
items. AY2012 is the data from pre-intervention students and AY 2013 is the data from
post- intervention students.
academic year, prior to the intervention. A significant difference was
found in the distribution of calculation errors between the 2 years
(x2 = 97.51, p b .001). Students taking the drug calculation test in 2013
made fewer errors than would be expected in all of the error categories
compared to students taking the test in 2012. The effect size of the differ-
ence in these distributions of errors was found to bemoderate (w= .33).

Procedural errors were defined as incorrect computation of an
answer when the question was correctly set up. This type of error was
designated specifically as to the type of arithmetic error that was
made—division, multiplication, addition, subtraction, or incorrect
decimal place. The data were expressed as a percent of the total to
allow comparison between years. A chi-square test for goodness of
fit was performed in order to determine if the distribution of drug
calculation errors seen in the 2013 academic year closely followed
the distribution of errors seen in the previous academic year, prior to
the intervention. A significant difference was found in the distribution
of calculation errors between the 2 years (x2 = 97.51, p b .001). Students
taking the drug calculation test in 2013made fewer errors thanwould be
expected in all of the error categories compared to students taking the
test in 2012. The effect size of thedifference in thesedistributions of errors
was found to be moderate (w= .33).

4.4. Intervention Design and Implementation

Based on the test analysis data, the intervention materials were
focused on mini lessons for division and multiplication. Since these er-
rors often linked back to a dropped stitch focused on fractions under-
standing, lessons to review fractions and decimals were also created,
alongwith lessons in conversion between SI units (Fig. 1). Contextualized
practice questionswere also created (Fig. 2). All of the interventionmate-
rials were made available to nursing students in the centralized online
learning site (using Blackboard software). Nursing students used the
online resource throughout the following academic year.

4.5. Post-Testing Results

An analysis of test data from the post-test indicated that all three
types of errors (conceptual, procedural, and unit errors) were still
being made by students (2.7% vs 0.4% vs 0.6%) (Table 4). A chi-square
test for goodness of fit was performed in order to determine if the distri-
bution of drug calculation errors seen in the 2013 academic year closely
followed the distribution of errors seen in the previous academic year,
prior to the intervention. A significant differencewas found in the distri-
bution of calculation errors between the 2 years (x2 = 97.51, p b .001).
Students taking the drug calculation post-test made fewer errors than
would be expected in all of the error categories compared to students



Table 6
Categorization of procedural errors made by students on medication dose calculation tests before (AY2012) and after (AY 2013) interventions.

Year Division Multiplication Addition Subtraction Conversion Decimals

AY 2012 3.3% 0.7% 0 0 0.7% 1.5%
AY2013 0.2%⁎ 0.2%⁎ 0 0 0⁎ 0⁎

Notes: Procedural errors were defined as incorrect computation of an answer when the question was correctly set up. This type of error was designated specifically as to the type of ar-
ithmetic error that was made—division, multiplication, addition, subtraction, or incorrect decimal place. The data were expressed as a percent of the total to allow comparison between
years. AY2012 is the data from pre-intervention students and AY 2013 is the data from post- intervention students.
⁎ A chi-square test for goodness of fit was performed in order to determine if the distribution of drug calculation errors seen in the 2013 academic year closely followed the distribution

of errors seen in the previous academic year, prior to the intervention. A significant differencewas found in the distribution of calculation errors between the 2 years (x2=97.51, p b .001).
Students taking the drug calculation test in 2013made fewer errors thanwould be expected in all of the error categories compared to students taking the test in 2012. The effect size of the
difference in these distributions of errors was found to be moderate (w = .33).
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taking the pre-test. The effect size of the difference in these distributions
of errors was found to be moderate (w = .33).

Tests scores from the pre- and post-tests were then classified into
the 3 percentage achievement groups: 100%, 80–99%, and less than
80% (80% is considered a pass) (see Table 7). A significant difference
was found for the distribution of test scores between the two years
(x2 = 266.84, p b .001). In addition, the effect size of this difference
was found to be very large (w = 1.22). This indicates that in the 2013
post-test, more students achieved a score of 100% on their drug calcula-
tion test than would be expected if the distribution of test scores were
similar to the 2012 pre-test. This suggests that the nursing students
benefited from the intervention materials made available to them.

5. Discussion

The results of this study suggest that the challenges faced by nursing
students in the Trent/Fleming School of Nursing are no different from
documented cases of other nursing programs (Grandell-Niemi et al.,
Fig. 1. This is a sample lesson which works through the multiplication and division of fractions
from start to finish. The figure shows the entire lesson but it appears in a step-wise fashion.
2006; Eastwood et al., 2011; Weeks et al., 2013c). Support is clearly
needed for students in developing their conceptual understanding of
fractions (Bruce et al., 2014) as it relates to MDCs. Nursing students re-
quire further opportunities not only to practice their mathematics skills
but to put these skills into nursing contexts with clinical implications
being clearly illustrated.

An intervention that focuses on practice opportunities, online con-
ceptual learning opportunities, and simulations that illustrate the im-
pact of MDCs, had a positive effect on nursing students as assessed in
the pre- and post-tests of this study. The intervention reduced the rate
of all types of errors identified, and significantly increased the overall
grades with large effect size gains.

Nursing students benefitted from the partnership between the
School of Education and the School of Nursing, resulting in a trans-
disciplinary approach to resolving a systemic problem. The combined
expertise of nursing faculty and staff combined with graduating
teachers recently trained in innovative and effective pedagogies en-
abled the generation of helpful and engaging learning resources for
. It was recorded using a pencast, which allows the progression of the lesson step-by-step



Mrs. Rios complains of nausea.
Compazine 2.5 mg po three times a 
day is ordered.  The stock supply is 
Compazine syrup is 5 mg/5 mL.  
How many millilitres will you 
administer per dose?

The patient needs to take 3
cc of medication.

Continue

Correct!

The patient needs to 
take 3 cc of medication.

5 mg : 5 mL :: 2.5 mg : x mL
x = _____mL

Done

Mrs. Rios complains of nausea.
Compazine 2.5 mg po three times a
day is ordered.  The stock supply is
Compazine syrup is 5 mg/5 mL.  
How many millilitres will you 
administer per dose?

5 mg : 5 mL :: 2.5 mg : x mL
x = 2.5 mL

Continue

Correct!

3.0

2.5

2.0

1.0

1.5

0.5

3.0

2.5

2.0

1.0

1.5

0.5

3.0

Done

a)

b)

Fig. 2. These are sample interactive practice materials which were created during this study. The samples are leveled from simple to complex. 2a) This beginning level practice question
allows students to practice filling a syringe to the correct level. 2b) The next level of practice question requires calculation of a dose as well as using a syringe correctly. The final level of
practice question (not shown) requires more complex dose calculations based on patient weight.
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the nursing students. The partnership between the two schools has
been since extended to create a highly regarded peer-tutoring service
bymathematics education students whowork one-to-onewith nursing
students as an additional method of support.
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Table 7
Distribution of grades on a medication dose calculation test.

Grade AY 2012 AY 2013

100 31.8% 88.3%⁎

80–99 40.4% 10%⁎

b80 28.1% 1.7%⁎

Notes. Test scores for each year were divided into 3 groups: 100%, 80–99%, and b80%. The
data were expressed as a percent to compare to the data between years. AY2012 is the
data from pre-intervention students and AY2013 is the data from post- intervention
students.
⁎ A chi-square test for goodness of fit was also performed to determine if the distribu-

tion of students' overall test grades was similar for both academic years. A significant dif-
ference was found for the distribution of test scores between the 2 years (x2= 266.84, p b

.001). In addition, the effect size of this difference was found to be large (w= 1.22).
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