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Abstract 

Background: This study addresses the question, what are the numeracy skills of RN 

students? The reason for asking this question is the documented deficiency in numeracy 

skills published for both nursing students and employees. Purpose: Nurses need 

numeracy skills to calculate drug dosage and IV flow rates as part of safe patient care. 

The purpose of this study is to target instructional support for improved nurse numeracy 

skills, toward the end of improved patient care. Methods: The current study employed a 

math test administered to 47 community college RN students. The test assessed both 

general and clinical numeracy skills. The hypothesis was that test results would identify 

specific skills that could be targeted for intervention at the pre-RN program (high school), 

RN program, or professional development levels. Results: Data showed RN students 

most in need of intervention in decimal and percent use for general skills, with 

application to drug dosages requiring multiple unit conversions. Clinical numeracy scores 

correlated significantly with general numeracy scores. Contrast among first vs. later 

semester RN students showed that scores of first semester students were higher than for 

those further progressed in the program. Conclusion: These data suggest a need for 

increased instruction in decimal and percent operations, and use of these operations to 

compute drug dosage in a context of proportion or dimensional analysis. These data also 

emphasize the importance of admission criteria and continuing education in dosage 

calculation.
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Chapter I 

Introduction 

 This study addresses the question, what are the numeracy skills of RN students? 

Coben has defined nurse numeracy as efficacy in deciding what math skills to use, when 

and how to use them, and how to interpret results appropriately in a clinical context 

(Coben, 2000). Nurse numeracy includes unit conversion, concentration calculations, 

interpretation of graphs, understanding of risk or probability, and ability to write and to 

solve equations (McAlister & Shapiro, 2004). The dominant nurse numeracy skills 

impacting patient care are drug dosage and IV-fluid administration calculations (Brown, 

2002; Trim, 2004).  

 Proficiency in these numeracy skills is expected at an associate degree level for 

registered nurses (RNs) (HCC, 2014). Associate level RN training entails 70 hours or 

fewer of clinical and academic curricula. Students are then candidates for licensure via 

the National Council for Licensure Exam (NCLEX) (HCC, 2014). Post-licensure, 

students may pursue higher education, or acquire skills through on-the-job training. 

However, the minimum associate degree and licensure exam render RNs immediately 

employable in patient care. Therefore curriculum at or preceding the associate level 

should produce proficiency in all critical occupational skills, including numeracy skills.  
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Statement of the Problem  

 While documentation supports a need for nurse numeracy skills, there is 

concomitant documentation that skills evinced are deficient (Coben, 2010). A gap exists 

between the expected numeracy skills and those manifested by both nursing students and 

employees (Bayne, 1988; Bliss-Holtz, 1994; Brown, 2002; Conti & Beare, 1988; 

Gillham, 1995; Oldridge, Gray, McDermott, & Kirkpatrick, 2004; Wright, 2006; Wright, 

2007a). There is a need for qualification and quantification of the gap between expected 

and actual proficiencies in order to inform educational strategies for gap reduction.  

Purpose of the Study  

 The purpose of this study was to identify which numeracy skills to target for 

intervention in nurse education. This study specifically investigated which numeracy 

skills are priorities for improving drug dosage calculations. The goal of identifying 

instructional targets is improved nurse numeracy skills, toward the end of improved 

patient care. 

Research Question 

 To assess nurse numeracy needs, this study asks the question: What are the 

numeracy skills of RN students? Investigating this question will identify specific skills to 

target for training at the secondary school level preceding RN associate degree training, 

during that two-year associate program, or afterward in professional development. 
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Context for the Study 

 This study will investigate numeracy skills needed and demonstrated by nursing 

students at a local community college. This college has provided an Associate Degree in 

Nursing (ADN) program since 1968. Recently in 2015 the program received Full 

Approval with Warning from the Board of Nursing due to consecutive pass rates for first-

time nurse licensing exam (NCLEX) takers of below 80% (Hooper, 2015). The school 

had no entering class in fall 2016, but was able to enroll a new cohort of nursing students 

in January 2017. As of April 2017, sub-standard pass rates again revoked the school’s 

ability to enroll a next cohort of students.  

Significance of the Problem  

 Nurse numeracy skills are critical for administering accurate medication doses 

and IV fluids. Errors in drug dosage jeopardize patient safety (Kopp, Erstad, Allen, 

Theodorou, & Priestley, 2006; Phillips, Christenfeld, & Glynn, 1998). The Institute of 

Medicine (IOM) 2000 report “To Err is Human” exhorted increased patient safety, 

including safety in medication administration, to reduce medication errors and adverse 

drug events (ADEs) (Kohn, Corrigan, & Donaldson, 2000). Incidence and causes of 

medication errors vary across publications, as summarized by the IOM in a 2006 report 

(IOM, 2006). Summarizing four studies in the context of a hospital, the IOM reported 

that per 100 opportunities for medication prescribing error, there were 1.5-9.9 errors; 

summarizing five other studies, the IOM cited that per 100 opportunities for error in 

medication administration, 2.4-11.1 errors in administration or dose occurred (IOM, 

2006).  
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 This range of error rates is evident in research by the Joanna Briggs Institute.  

Review of medication errors across eleven medical and surgical units found that 28% of 

medication errors were due to incorrect dosage (Joanna Briggs Institute, 2005). 

Additionally, a direct observation study conducted in an intensive care unit found 20% of 

preventable, potentially adverse medication errors were due to incorrect dosage (Kopp, 

Erstad, Allen, Theodorou, & Priestley, 2006). Improving numeracy skills of nurses by 

confirming needed skills and opportunities for intervention should contribute to improved 

patient care. 

Educational Value of the Study 

 This study is a needs assessment in nurse numeracy skills. The intent is to 

determine how the local nurse training population actualizes numeracy skills. The 

educational value in collecting and analyzing these data would be evidence of which 

skills to address. Skills identified will suggest appropriate remediation before, during, or 

after the nursing program. Data demonstrating the need for essential skills should drive 

allocation of instructional time in high school, associate level, or professional 

development programs to support these skills. 

Limitations of the Study 

 This study is geographically limited to nursing students at a community college in 

an urban, Southwestern U.S. location. This study is also limited to investigation of nurse 

numeracy and drug dosage skills.  This is therefore an investigation of only one aspect of 

medication administration and patient safety. Safe medication administration involves at 
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least five key aspects, referred to as the five rights: right patient, right drug, right dose, 

right route, right time (NCC-MERP, 1999). This study is limited to addressing only the 

aspect of right dose. Additionally, this study is limited to aspects of numeracy assessable 

by written response, rather than technical measurement as via clinical equipment. 

Summary 

 The goal of nurse education at the associate level is to produce RNs equipped to 

provide excellent patient care. Patient care by RNs includes numeracy skills used for drug 

dosage and IV fluids administration. Previous publications have documented a gap 

between the numeracy skills expected, and those observed for students and employees 

(Blais & Bath, 1992; Bliss-Holtz, 1994; Conti & Beare, 1988; Hutton, 1998a; Jukes & 

Gilchrist, 2006; Lerwill, 1999; Pozehl, 1996; Oldridge, Gray, McDermott, & Kirkpatrick, 

2004). Therefore, the current study aims to clarify the gap in terms of which skills need 

support in nursing education. The next chapter details the need to clarify this gap based 

on previous literature. 

 



 

 

 

 

 

Chapter II 

Literature Review 

What is Nurse Numeracy? 

 Coben has defined numeracy as the ability to “be competent, confident, and 

comfortable with one’s judgment 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, p. 35). Specifically 

in nursing, medication calculations form a subset of broader healthcare numeracy and 

medication management skills (Coben, Hall, Hutton, Rowe, Sabin, & Weeks, 2008). 

Nurse numeracy skills may have multiple applications in the profession, including 

management of nutritional intake, fluid balance, or body mass index calculation. 

However, an emphasis has been placed on the nurse numeracy skills of drug dosage and 

IV drip rates due to the costly potential outcomes of error in these tasks (Phillips, 

Christenfeld, & Glynn, 1998). Therefore numeracy for nursing has been defined as the 1) 

conceptual competence to interpret a situation and set up a valid dose or flow rate 

equation, 2) calculation competence to compute the correct numerical outcome, and 3) 

technical measurement competence to correctly measure and administer the medication 

(Coben, Hodgen, Hutton, & Ogston-Tuck, 2009; Weeks, Lyne, & Torrance, 2000). Nurse 

numeracy skills specifically include: 

1) Ability to add, subtract, multiply, and divide whole numbers, fractions, and decimals  
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2) Conversion between fraction, decimal, and percent forms 

3) Unit conversion within or between measurement systems 

4) Use of ratio, proportion, and dimensional analysis 

5) Solving simple algebraic equations 

6) Application of the above appropriately in drug dose or IV flow rate calculation 

(McAlister & Shapiro, 2004). Correct outcomes or inaccuracy should be recognizable 

with or without a calculator. Use of the above skills, again, should include correctly 

interpreting the problem or situation to know which skills to use, and likewise correctly 

applying the outcome. 

What Are the Published Expectations for Nurse Numeracy Skills? 

 Nurse training programs, employers, and licensing boards have published 

expectations for nurse numeracy, and nursing schools routinely test the above-listed, 

expected numeracy skills. In 2003, Polifroni, McNulty, and Allchin demonstrated the 

common incorporation of numeracy testing into nurse curriculum or employment 

expectations. In the U.S., Polifroni surveyed 318 nurse education programs for numeracy 

expectations; 98% had a form of calculation assessment (Polifroni, McNulty, & Allchin, 

2003).  No standardization in instrument was evident across schools, tests typically being 

made by faculty. Some assessments permitted calculators (50%) and some not, some 

permitted formula charts (25%) and some not, and the time in the program at which 
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numeracy assessment occurred also varied. Most programs, 94%, allowed students to 

retest if they did not pass. 

In addition to investigating numeracy expectations held by schools, this same study also 

documented nurse numeracy expectations held by employers (Polifroni, McNulty, & 

Allchin, 2003). Among 42 acute care institutions surveyed, all had drug dosage tests or 

numeracy criteria for nurse employment. The acute care institution tests required 80% or 

higher as a passing mark. These acute care institutions also allowed reassessment if a 

candidate did not pass. Among the employers surveyed, only 5% tested during hiring; the 

rest tested after hiring, such as in orientation. A majority, or 65%, of the institutions 

permitted use of calculators during assessment; 43% allowed use of conversion charts. 

 In addition to schools and employers, licensing boards maintain numeracy 

expectations for nurses. In the U.S., the exam for RN licensure, or NCLEX, is maintained 

by the National Council of State Boards of Nursing (NCBSN). This NCLEX exam for 

RN registration contains 11-16% drug dosage questions. Below are quotations regarding 

content tested on the NCLEX; these are part of the 2016 NCBSN Detailed Test Plan for 

the RN licensure exam (NCBSN, 2016): 

“Pharmacological and parenteral therapies- the nurse provides care related to the 

administration of medications and parenteral therapies” 

“Perform calculations needed for medication administration” 

“Use clinical decision making/critical thinking when calculating dosages” 
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“Titrate dosage of medication based on assessment and ordered parameters (e.g., giving 

insulin according to blood glucose levels, titrating medication to maintain a specific 

blood pressure)” (NCBSN, 2016, p. 31). 

 The NCLEX seeks to test skills that are realistic in nursing practice. NCLEX test 

contents have been derived from the practice standards, as communicated in the 2014 RN 

Practice Analysis: Linking the NCLEX-RN Examination to Practice (NCBSN, 2014). 

This practice analysis surveyed nurses across the U.S., including how shift time was 

used. Results showed that nurses used 39% of their shift time on tasks related to 

medication or IV therapy administration. Therefore, RN licensure expectations for 

medication and IV therapy skills correspond to data showing practical use of these skills 

on the job.  

 In the United Kingdom (UK), as of 2008 the Nursing and Midwifery Council 

established the expectation that prospective nurses pass a numeracy in practice exam at 

100% in order to obtain formal registration. The National Health Service Education for 

Scotland (NES) since developed a benchmark suggested for testing this national 

expectation at the point of nurse registration (Coben, Hodgen, Hutton, & Ogston-Tuck, 

2009). The team of professionals who established this exam summarized the nurse 

numeracy expectations in Figure 1, shown below. Figure 1 shows the skills unified in an 

IV flow rate calculation problem. The expectation is that nurses have the conceptual 

skills to, as defined above for nurse numeracy, know when and how to apply which math 

skills, then to carry out the actual computations, and lastly to be able to administer 

calculated doses correctly via technical measurement (Coben, Hodgen, Hutton, & 
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Ogston-Tuck, 2009).  The expectation is that integration of these conceptual, 

computational, and technical measurement skills exists by point of licensure. 

 

What Are the Published Observations of these Expected Numeracy Skills? 

 In spite of the documented expectations and intentional incorporation of these 

skills into nursing curriculum, assessment of RN student and employee numeracy skills 

has shown observed skills fall short of expectations. In 1992, Blais and Bath assessed 66 

nursing students on a 20-question drug dosage test; only 11% of the students achieved a 

passing grade of 90%. Bliss-Holtz conducted a 15-question drug dosage test with and 

without a calculator among both newly graduated RN students and established nurses 

(Bliss-Holtz, 1994). New graduates had higher scores than the established nurses; overall, 

passing scores were 72.5% with a calculator, and 54.9% without this aid. An interesting 

feature of Bliss-Holtz’ study was the indication that new nurse graduates performed 

slightly better than experienced nurses, a contrast also published by Conti and Beare in 

1988. Using Pirie’s taxonomy, Hilton conducted a 20-question test for nursing students in 

the UK. Approximately 53% of 103 students did not achieve a 70% passing score 

(Hilton, 1999; Pirie, 1987). Hutton also assessed a similar sample size (n=99) of nursing 

students in the UK using a 50-question test built from Pirie’s taxonomy; test results 

showed an average grade of 70% (Hutton). In a separate study, this same author 

conducted a pre- and post-test among 231 nursing students; with the bar for passing set at 

75%, 80% of the students failed the pre-test, after which review was available (Hutton, 

1998b). Later research in the UK by Lerwill (1999) using a non-clinical math test found 



11 

 

vii 

 

that 22 out of 54 licensed graduates scored 50% or less. A study published the following 

year by Weeks, also in the UK, among 392 pre-licensure nursing students, used a clinical 

math test, with an exacting pass bar at 100%; over half the students did not make 100% 

the first time, but by a third test, this percent had dropped to 16% (Weeks, Lyne, & 

Torrance, 2000). In the U.S., Shockley, et al., assessed nursing students on clinical math 

questions both with, and without, a calculator; results suggested fewer math errors 

occurred with the calculator, a finding supported by Segatore, et al., in Canada on a 

different drug dosage test (Segatore, Edge, & Miller, 1993; Shockley, McGurn, Gunning, 

Gravely, & Tillotson, 1989). Also in the U.S., Pozehl administered a computer-based, 

non-clinical, basic numeracy math test to 112 nursing and non-nursing students; the 

nursing students actually scored lower, with 17.9% achieving a 70% passing score, in 

contrast to the non-nursing students, with 71.4% achieving that mark (Pozehl, 1996). 

 More recently, a study among Norwegian nurses found that medication 

management skills, including drug calculations, improved after a year’s work experience 

(Simonsen, Daehlin, Johanssen, & Farup, 2014). This study contrasted skills of 203 

nurses who had been in the workplace at least one year, at least half-time, with 243 third-

year nursing students. On 14 multiple-choice questions regarding drug dosage or infusion 

calculations, the mean for students was slightly lower at 71.1% as opposed to 79.9% 

correct for employees. Likewise, the subjective certainty evaluated was slightly lower for 

students at 1.8 as opposed to 2.0 for employees, on a scale where 0 represented 

uncertainty and 3 complete certainty. Additionally, this study measured risk of error for 

both groups as a combination of the correctness of answers and certainty in answers; risk 
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of error was 9.1% for students, and 7.2% for nurse employees. Here risk of error 

represented percent of incorrect answers that the individual was certain were correct 

(Simonsen, Daehlin, Johansson, & Farup, 2014). 

 McMullan, Jones, and Lea in 2010 also described the existence of a gap between 

drug dose calculation skills expected and observed.  These authors concluded a need to 

prevent “deskilling”, or loss of numeracy skills, due to low success rates of nursing 

employees and students on basic numeracy and drug calculation tests. A sample of 44 

RNs and 229 nursing students in the UK participated on the basic math operations test of 

15 questions and drug calculation test of 20 questions. Students did not use calculators 

for this test. On the basic numeracy test, 55% of the students did not attain a mark of 60% 

correct; however, RNs performed significantly better at only 45% failing if the passing 

mark were 60% correct. On the drug calculation test, 92% of the nursing students scored 

less than the passing threshold of 60% correct. Unlike their performance on the numeracy 

test, the registered nurses performed lower than the students did on the drug calculation 

test, with 89% having scores below 60% correct. While the sample size for registered 

nurses was quite smaller at 44 than the student sample size of 229, the authors’ 

interpretation that prevention of skill loss is needful suggests gap remediation at the level 

of professional development would be valuable. Table 1 below summarizes key details 

from publications just within the past decade as representative of the recent work in this 

field. 
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Table 1. 

Summary of recent research- Under the column labeled aids, C means calculator allowed, 

NC means no calculator, T means table allowed, and U indicates no aids specified. 

Date Authors sample aids Instrument results 

2006 Jukes & 
Gilchrist (UK) 37 2

nd
 year 

nursing students 
C 10-item clinical math test Mean score 55, median score 

60; ratio and proportion 
questions only 7% correct 

2006 Grandell-
Niemi, Hupli, 
Puukka, & 
Leino-Kilpi 

(Finland) 364 nurses, 
282 graduating nurse 
students 

U 29 calculation problems: 4 
arithmetic, 5 conversions, 9 dosage, 
1 estimation, 2 numerals; also 
education and self-rating questions 

Student mean 61.5^%; nurse 
mean 78.1%; score correlated 
with math educational 
background 

2006 Rainboth & 
DeMasi 

(USA) 99 nursing 
students: 54 in 
education 
intervention, 45 not 

C, T Pre- and post-intervention 14 –item 
MCQ; sophomore and junior level 
10 fill-in-the-blank medical 
calculation tests 

Intervention group:14-item 
MCQ pre-test mean score was 
11.4 + 2.2 SD; post-test score 
was 13.1 +1.4. Control and 
intervention had similar 
sophomore scores, but 
Intervention group had 
significantly higher junior test 
scores 

2007 Glaister (Australia)) 97 2
nd

 
year nursing students 

U Dosage test with visual images, # 
items unspecified; relationship 
analyzed vs. math and computer 
attitudes (tests CAS, MAS, MTAS); 
sample also split into intervention 
for 6 weeks prior to dosage test that 
was on computer (CL), tutorials (IL), 
or both (CIL) 

Medium to high computer 
anxiety correlated with lower 
dosage test scores; high math 
anxiety students did 
significantly better if in IL 
group; at low anxiety levels, 
groups involving the computer 
scored better 

2009 Andrew, 
Salamonson& 
Halcomb 

(Australia) 123, 2
nd

 
year nursing students 
given NSE test of 
confidence; results 
correlated with same 
students’ dosage 

tests from 1
st
 

semester of school 

U 12-item general and dosage related 
math (NSE-Math) test with 10-pt 
Likert scale for confidence, and a 
drug dosage test given the previous 
year 

NSE-math test was predictive 
of performance on drug 
dosage test. Median NSE score 
107 cut sample into low 
confidence and high 
confidence groups; low NSE 
group had lower dosage scores 
(81.3 + 15.0) vs high NSE group 
had mean 88.2 + 12.6) 

2009 Coben, 
Hodgen, 
Hutton, & 
Ogston-Tuck 

(UK)  378 1
st
 year 

nursing students 
NC 10 items, MCQ, online, 30 min 47% made 100% on first try 

2010 Newton, 
Moore, 
Harris, & 
Pittiglio 

(USA) 126 junior year 
nursing students who 
had taken the Test of 
Essential Academic 
Skills (TEAS, ATI) test 
in sophomore year 

U medication calculation test called 
MCA scores analyzed for correlation 
with previous year’s TEAS test 
scores 

Pass mark set at 90%; 12% 
variance of passing MCA on 
first attempt correlated with 
reading skill level shown by 
TEAS 
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Note: table continues. 

Table 1. 

Date Authors sample aids Instrument results 

2010 Harvey, 
Murphy, 
Lake, 
Cavanna, 
Tait, & 
Jenkins 

(UK) 304 nursing 
students 

U 25-teim MCQ, online, general math 
(GCSE math level) 

Who passing threshold 72%, 
19% sample passed general 
test; mean score 14.45+ 3.7; 
males performed slightly 
higher, but significant 
difference; score correlated 
with previous math 
qualifications, but not 
significant difference 

2010 McMullan, 
Jones, & 
Lea 

(UK) 229 nursing 
students, 44 RNs 

NC General numeracy and drug dosage; 1 
hour to complete both tests of 35 
questions total 

General numeracy test passed 
by 45% students, 55% RNs; 
drug dosage test passed by 8% 
students and 11% RNs. Strong 
positive correlation between 
general and drug dosage 
scores. Lowest scores on drug 
dosage problems were on 
percentages or infusion rates, 
higher scores on tablet or 
injection doses. 

2011 Ramjan (Australia) 567 2
nd

 
year nursing students 

C Test dosage problems in 
decontextualized (wk1), answers 
reviewed, then contextualized test with 
images and other related questions 
week (wk) 2; 20 min; also week 3 survey 
preferred learning methods/barriers 

Wk 1decontextulaized mean 
5.54+ 1.66; wk 2 
contextualized mean 
7.01+1.18; student preference 
for contextualized 

2011a Costello (USA) 26 1
st
 year 

nursing students 
U 20-item dosage test given pre- and 

immediately after a 3-hr simulation 
class, vs 1 month, and 6 months later 

Mean scores pre- test 
increased by 9.76 points 6 
months post-test; but scores 
best immediately post-
instruction. Results suggest 
retention decreased over 
time. 

2011b Costello (USA) 44 1st year 
nursing students 

U 20-item medication calculations Positive correlation SAT score, 
number of high school math 
classes, Algebra grade with 
test score; SAT score most 
predictive 
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2011 Eastwood, 
Boyle, 
Williams, & 
Fairhalll 

(Australia) 52 2nd year 
nursing students; 
61.5% not coming 
directly from 
secondary education 

NC 12-item math test included with other 
demographics and query of factors 
contributing to math performance. 
Math questions were both basic and 
medical. 

With pass mark set at 50% 
score, 65.4% of students 
passed; 17.3% were at 90% or 
higher. Arithmetical errors 
were 38.09%, conceptual 36%, 
computational 25.1% of 
errors. 

Note: table continues. 

Table 1. 

Date Authors sample aids Instrument results 

2013 Wright (UK) 8 senior nurses who had 
graduate level training and 
who now worked in 
education 

NC Verbal protocol recorded and 
analyzed, as well as obtaining 
written answers, to 64 drug 
dosage problems total from 
the 8 nurses; study aimed to 
determine the solving 
processes used 

67.2% questions, or 43 out of 
the 64 questions addressed to 
the 8 senior nurses, were 
answered correctly 

2014 Fleming, 
Brady, & 
Malone 

(Ireland) 124 new RN 
graduates just entering 
workforce 

C 20 item clinical calculation 
test  

Mean sore 12.16 + 
3.93;(scored out of 20); 
lowest scores on drip rates 
and metric conversions 

2014 Grugnetti, 
Bagnasco, 
Rosa, & 
Sasso 

(Italy) 77 nursing students NC 30-item drug dosage test; 
test after 30-hr workshop 
over 2 weeks; 90 min for test 

Significant score increase pre 
to post: out of 30 points, pre-
test mean 15.96 + 4.85, post-
test mean 25.2+ 3.63) 

2014 Ramjan, 
Stewart, 
Salomonson, 
Morris, 
Armstrong, 
Sanchez, & 
Flannery 

(Australia)  390 final semester 
nursing students 

U Dosage calculation test, Pass mark was set at 100%; 
73.6% passed initial attempt. 
Various interventions 
including simulation and 
hands-on practice offered. 
Only 1 participant did not pass 
by third attempt. Predictors 
which significantly correlated 
with higher drug dosage test 
scores were international 
student status, online practice 
quiz scores of at least 
59%,and self-reported 
confidence levels. Number of 
online quiz attempts being at 
least 4, and previous math 
education level, were 
significant for independence 
by Chi Square. 
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Note: table continues. 
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Table 1. 

 

Date Authors Sample Aids Instrument Results 

2015 Savage (Tanzania) 268 
registered nurses and 
26 nursing students 

C 10-item clinical math test given  

1
st
 pre-, 2

nd
 post 4 hr teaching at 

2 weeks, 3
rd

 post 8 weeks; 
20min 

Pre-test RN average score 31, 

student average score 32; 1
st
 

post-test 89, 94, and 2
nd

 post-
test 88, 93 respectively 

2016 Ridling, 
Christensen, 
Harder, 
Gove, & 
Gore 

(USA) 851 pediatric 
RNs 

C; 
optional 
self-
created 
reference 

17-tem clinical calculations, 1 
hr; part of annual internal 
competency assessment 

Mean score 92 + 9 SD; 38% 
sample scored 100% 

      

2016 Bagnasco, 
Galaverna, 
Aleo, 
Grugnettii, 
Rosa, & 
Sasso 

(Italy) 726 nursing 

students (1
st
, 2

nd
, and 

3
rd

 year) 

NC This stud used the Wright 
(2005) instrument, which 
included general and clinical 
calculations; also tested student 
perceptions of their skills. Test 
30 min 

Scores were out of 32; mean 
21.01; most missed general area 
was fraction multiplication; 
students did best on 
multiplication and division by 
powers of 10.  Test showed 
student difficulty with infusion 
rate and unit conversions 
particularly. 

2016 Sneck, 
Saarnio, 
Isola, & 
Boiqu 

(Finland) 2479 nurses 
working at 3 Finnish 
hospitals, from 2009 
to 2014 

U Online exam calculation exam 
30 min; theoretical exam on 
medication administration 60 
min, 40 MCQ; given after online 
study course; 3 attempts 
permitted 
NOTE: since 2006, requirement 
to maintain license that nurses 
demonstrate competence as by 
this exam every 5 years 

Theoretical exam pass mark was 
set at 75%; drug dose exam pass 
mark was 100%.  First attempt 
passed by 67.3% of sample on 
drug dosage, 95.1% had passed 
by third attempt; weakest area 
flow rates 
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Even just this excerpt of recent publications as shown in Table 1 highlights the 

variation in test instrument and test conditions (with or without calculator, with or 

without formula chart or conversion table aids). In most cases, the instrument did not 

appear in publication with the work and therefore was not available for consideration 

with the results. Scores established as criteria for passing vary as well. These data 

regarding nursing numeracy point to a need for the current study. The current study seeks 

to clarify locally the gap between expected and observed student and employee nursing 

numeracy skills, with the goal of identifying skills and target time points for remediation. 

What is the Local Context for this Study? 

Locally in Houston there is a need for increased nurse education opportunities. 

Over 47,000 nurses work in the Greater Houston area; the projection for employment is 

an increase by at least 15% before 2021. The job opportunities provided are not only 

plentiful, but also economically fruitful: beginning salaries range from $26 to $33 per 

hour (HCC, 2014). 

The greater Houston area has at least 20 schools for RN licensure training (Feibel, 

2016; Texas Board of Nursing, 2017). In the face of a nurse shortage, there can be 

pressure for schools to accept more students and to move them through a licensure 

pipeline faster. The community college sampled cited these reasons as precipitating a 

three-year pass rate below 80% on the licensure exam (NCLEX). Due to three years of 

pass rates below 80%, the state nursing board placed the ADN program on conditional 

probation. This probation by the Texas State Board of Nurses occurred in 2014. This 

revoked the school’s ability to enroll new students in 2016. Administration ascribed this 
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degrease in score to lowering GPA admission standards to increase enrollment, and to 

shortening the program hours (program acceleration). The aim to increase enrollment and 

to truncate the program fit the job need for increased workforce, but resulted in the 

decreased score rates. The community college identified areas to change in the program, 

and a new class was able to enroll in January 2017 (Feibel, 2016). Even since the 

probation implementation, improvement has occurred: the score in 2012 was 86% 

passing, and then decreased to 66% passing in 2013, with turnaround scores for 2014 and 

2015 at 71 and 78% respectively passing the NCLEX (Wermund, 2016). As of January 

2016, the most recent group tested had an 89% passing rate. Areas for improvement 

suggested included student need for more equipment, more lab practice time, and 

increased faculty salaries for recruitment goals (Wermund, 2016). 

The high employment needs, and this local training context, add relevance to the 

above literature. While the recent literature acknowledges a need for educational support 

for nurse numeracy in multiple countries, the need for a nursing workforce, and 

challenges facing local community college groups, emphasizes the usefulness of the 

current study. In response to the published deficiencies in numeracy skills, and with 

cognizance of the need to supply a nursing workforce- but one that is well trained- the 

current study investigates at a local level what numeracy skills nursing students exhibit, 

with intent of informing nurse education.



 

 

 

 

 

Chapter III 

Methods 

Overview of Research Question 

The purpose of this study is to answer the question, what are the numeracy skills 

of RN students? The reason for asking this questions is the important role of nurses in 

administering correct medication dosages to patients, with potential adverse outcomes of 

incorrect dosage (Leape & Berkwick, 2005). This chapter describes the study design and 

methodology used to address the research question. 

Study Design  

A quantitative approach was used to address the question of which numeracy 

skills are priorities. While it would be useful for future studies to use qualitative methods 

to interview faculty and employers regarding what skills they perceive as priorities for 

educational support, the current study sought to first-hand evaluate nursing student 

performance on numeracy questions. A quantitative approach was used because the 

answers to these questions are objectively correct or incorrect, and analyzable in 

numerical categories. 

The design is a pre-post contrast as well as a correlational investigation. The pre-

post nature of the design involves contrast of Group 1, current nursing students in the 

community college RN program who have not completed the medication administration 
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training, with Group 2, RN students who have completed the program’s medication 

administration training. The original research question into these sub-questions 1, 2, and 

3 (Q1, Q2, Q3), each with a null-hypothesis (H0) and research alternative hypothesis 

(RA). 

Q1: Which skills among the general and clinical numeracy skills assessed showed 

mastery by less than 70% of the population tested? 

H01: The null hypothesis was that all participant groups would achieve 70% or higher on 

each math item tested. 

RA1: The research hypothesis was that general numeracy and medication calculation 

skills requiring unit conversion or proportion would show lower scores than other 

content, and RN students who were not yet medication trained (Group 1) will score 

below 70% on each medication calculation. It is hypothesized that RN students who are 

medication trained (Group 2) would score above 70% on each medication calculation 

question. 

Q2: Did general numeracy scores correlate positively with medication calculation scores 

for RN students? 

H02: The null hypothesis was that no positive correlation would exist between the 

general and medication calculation numeracy. 

RA2: The research hypothesis was that RN student scores would show strong positive 

correlation between general numeracy and medication calculation outcomes. 
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Q3: Did RN students who had completed the program’s medication training score higher 

than those who had not yet completed this coursework? 

H03: The null hypothesis was that no difference would exist between scores for RN 

students who had not yet completed, and those who had completed, the program’s 

medication training. 

RA3: The research hypothesis was that RN students who had completed the program’s 

medication training would score higher than those who had not completed this 

coursework. 

The intended results are data indicating which specific medication or general 

numeracy skills need educational support. For example, if medication calculation scores 

are excellent for all groups but show no positive correlation with general numeracy 

scores, then these data would suggest pre-nursing curriculum does not need to enhance 

general numeracy training, and that the medication administration training in the RN 

program itself is sufficient for career ends. This would suggest maintenance of skills 

through professional development were appropriate. However, if medication-specific 

scores correlate positively with general numeracy scores, then any deficiencies would 

suggest a need to support building of general numeracy skills before the medication 

training occurs. This would suggest redress at a high school level, before the medication-

specific training begins. Ideally the data will point to which skills in general numeracy 

(such as whole number operations, fractions, decimals, proportions) or medication 

calculation (IV rates, dilutions) are proficient and need no more curricular support, vs. 

any that are lowest out of the assessed skills and call for additional curricular support. 
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Study Approval 

This study received IRB approval from participating institutions: from the 

University of Houston under which the research was conducted, and from the local 

community college which provided the study population (Appendix A). In addition to 

Review Board approval, approval by the local school’s nursing administration, and support 

from nursing faculty, was sought in order to verify permission support to collect these data 

from students. 

Study Population 

 The sample population came from a local community college in Houston, located 

in the Texas Medical Center. Any student enrolled in the community college was eligible 

to participate. The study used a convenience sample of voluntarily consenting students 

from two groups: Group I) students currently enrolled in the community college RN 

Associate Degree in Nursing program, or Group 2) students enrolled in prerequisite classes, 

or attending an information session in intent to enroll in the RN program. Group I of RN 

students included students in their first, second, and fourth or later semester in the program. 

The size of RN students sampled was smaller than originally anticipated. The RN program 

sampled had typically been enrolling 80-100 students per semester, with entering classes 

in the fall and spring semesters. However, no entering class enrolled in the fall 2016 term, 

and the class next enrolled in January 2017 was a decreased cohort size of 40 or fewer new 

students. This study was able to obtain tests from 47 voluntary RN student participants. 
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Instrumentation 

The instrument used for data collection is present in Appendix A. The first section 

of the instrument requested demographic data about the participant, including age, 

ethnicity, prior educational degree or licenses obtained, and math classes taken. The 

second section assessed general numeracy skills at the middle school or initial high 

school level. The third section tested numeracy skills needed by nurses for clinical work. 

This third section asking clinical math questions excerpted questions from the instrument 

published by Huse (2010). The first section asking demographic questions of participants 

was a modified edition of Huse’s demographic section as well (Huse, 2010). The general 

numeracy questions excerpted questions from the 1950 New York Regents State 

Mathematics Preliminary exam (Board of Regents, 1950). As a Preliminary level exam, 

this Regents document tests high school or eighth grade math students at a basic level. A 

two-question block directly asking unit equivalencies for kg and lbs., and for tsp and mL, 

connected the demographic to the general numeracy sections of the test. 

This study used the instrument created by Huse due to the breadth of the 

medication-specific dosage questions covered, and the inclusion of visuals with each 

question (Huse, 2010). The medication numeracy questions covered all key areas of 

quantifying tables, oral medications, injections, and IV infusions. This instrument tested a 

diversity of medication content, and also presented an appropriate format. The test is a 

paper format that includes photos of the medication or equipment, with questions in text, 

and opportunity for the answers to include for example shading of the syringe, suggesting 
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inclusion of the technical aspect of measurement without the hands-on equipment being 

available. 

Two other kinds of instruments were in consideration for this study. A national 

benchmark for nurse numeracy has been developed by the National Health Society 

(NHS) of Scotland (Coben, Hall, Hutton, Rowe, Weeks, & Woolley, 2010). Developed 

over years with a careful evidence base and validation, this benchmark is administered on 

the computer, but involves requirements that testers on the computer still demonstrate 

technical measurement by drawing up the correct amount in the syringe, and counting out 

correct pills or portions on the computer screen. Results in a pilot study by computer 

correlated validly with results from a solely hands-on test of similar content. 

While the NHS instrument is excellent and appealing, and a first choice for a 

well-validated instrument, the requirement of multiple computers on site rendered it 

unusable for the present study. The researcher could not confirm availability of a set of 

computers on which multiple testers could simultaneously take the test. Therefore the 

researcher selected a paper format as the next best option. Huse’s test with photos of the 

medications, increasing the realistic context of the test, was preferable over purely text 

formats. 

Huse’s original instrument had a 15-question pre, and 15-question post-test 

format. To limit participant’s testing time to a maximum commitment of one hour for the 

demographic, general, and medication sections combined, this study used an excerpt of 

eight questions from Huse’s original combined set. The study used these eight to 
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represent the variety of medication vehicles available (oral administration, injection, or 

IV line).  

For the general numeracy portion of the final instrument, the study employed ten 

questions from the 1950 New York Regent’s Preliminary Math exam (Board of Regents, 

1950). This source was appropriate due to the general nature of the content constructed at 

an eighth-grade level (JMAP, n.d.). These questions represent skills which, while general, 

are numeracy skills needed for application in medication problems: manipulation of 

fractions, decimals, percentages, whole number addition, subtraction, multiplication, and 

division, ratio or proportion, and ability to solve basic equations.  

In summary, the instrument in this study was a hybrid excerpting previously 

published medication administration questions and general numeracy questions, with 

inclusion of two straightforward unit equivalency questions. The design of this 

instrument was compatible with a one-hour maximum testing time. The selection of this 

instrument was with intention to, within that time limit, most directly answer the question 

of which nurse numeracy skills are priorities for educational support. 

Extensive searching occurred to find an existing instrument which would address 

all the desired data collection. No single instrument was available which queried the 

appropriate demographic, general, and medication-specific data, the described chimera 

was assembled from previously published instruments, and a short, new list of 

demographic questions. Therefore eight questions appear from Huse’s medication 

calculation instrument, in combination with ten general numeracy questions from the 
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June 1950 preliminary mathematics Regent’s Exam (Board of Regents, 1950; Huse, 

2010).  

The Regents’ Exam administration occurred at the state level in June of 1950; 

high school students or those testing for proficiency at the eighth-grade level of math 

took this test (JMAP, n.d.). Specific validity and reliability data are not available for this 

test. However, Regents’ Exams were the standard reflecting the Board’s approval for 

propriety of content (The University of the State of New York, 1965). Huse previously 

analyzed the instrument she used for content validity (Huse, 2010). 

Protection of Subjects and Confidentiality 

To protect subjects, research was conducted under participating institutions’ IRB 

approvals and guidelines. Participation was voluntary as indicated by signed consent 

forms, and could electively be terminated at any time. Data collected were de-identified 

upon data collection and for later data entry and analysis. To ensure participant 

confidentiality, only consent forms contained participant names. From point of consent 

participants tested by a research ID number. This number, rather than name, appeared on 

the questionnaire from which data were collected, and in the data entry and analysis; 

results were not reported with identifying information which could negatively affect a 

student’s grade in a class or clinical assignment. 

Risks and Benefits 

No direct benefits were expected for participants. The sole risk included mild 

psychological discomfort for individuals with math or test anxiety due to choosing to take 
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a math test. Participants had the option to stop participation at any point. In appreciation 

for time given by participants, a $5 Starbuck’s card sufficient for a single coffee beverage 

was given upon completion of the instrument. While this did not remotely compensate for 

an hour of a participant’s time, it was offered to communicate appreciation. 

Data Collection 

Recruitment was via in-person communication and participant opportunity to read 

about the study, and to make a participation decision, via the consent form. The 

researcher was available to explain the project and to answer questions. The researcher 

communicated the voluntary nature of participation, and that any results reported would 

not bear identifying information, such that there was no opportunity for test results to 

negatively impact student standing. The researcher assigned each participant an ID 

number used to track test results separate from any identifying information.   

Data collection sites included classroom contexts at the community college, and 

clinical sites where RN students were rotating. Specifically, RN students were tested at 

the end of two lab of practice classes under separate faculty, on-site at the community 

college, or at clinical rotation sites, including locations of Methodist Hospital West 

Pavilion, Memorial Hermann Southeast, and Methodist Hospital Sugarland sites. 

Participants tested at the community college campus proper were in a classroom 

environment. Participants tested at clinical sites were assessed in hospital conference 

rooms or lobby areas with adequate seating available.  
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During testing no calculator, cell phone, nor other outside input was permissble. 

The researcher provided the paper questionnaire, extra blank paper to use as scratch, and 

writing utensils if needed. The researcher was on site to administer the questionnaire and 

to answer any questions about procedures. The researcher monitored time to limit 

participation to a one-hour maximum; those who finished early could depart. The 

researcher collected the paper tests and entered participant answers into Microsoft Excel 

and SPSS for storage and analysis. 

Data Analysis 

The researcher entered test data into Excel and SPSS under participants’ ID 

numbers. Participant answers to demographic questions were entered as categorical data 

assigned numeric values.  Participant answers to each tested numeracy question were also 

recorded categorically, with scoring 1= correct, 0=incorrect, and 2= blank. Grading for 

questions 1-20 was as generous as possible toward interpreting the student’s answer as 

correct: this means that for all questions except #19, if the student showed a correct 

answer in at least one part of the question, either the numeric answer or the answer 

pictorially given on the medication picture, the researcher marked the answer correct. 

Problem 19, due to having two parts actually asking different units, was graded as two 

separate answers.  

The total sample categorized into Group 1, current RN program students who 

were currently in, but had not yet completed (being about weeks 4-6 into the course), the 

medication administration course offered as part of the mandatory RN training. Group 2 

included nursing students who had already taken the mandatory medication 
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administration class. The reason for categorizing the total sample into these groups was to 

facilitate analysis regarding when instructional support should be given. 

The researcher ran descriptive statistics to analyze frequency of demographic 

characteristics. Means with standard deviations, and percent correct or incorrect for each 

individual question, were also analyzed. Statistical tests specific to each research sub-

question (Q1, Q2) and each null hypothesis were as follows. 

Q1: Which skills among the general and clinical numeracy skills assessed were achieved 

by less than 70% of the tested population? 

H01: The null hypothesis was that all items tested would be answered correctly by at least 

70% of the tested population. 

RA1: The research hypothesis was that general and clinical numeracy skills requiring unit 

conversion or proportion would show significantly lower scores than other content, and 

that RN students who were not yet medication trained (Group 1) would score below 70% 

on each medication calculation. It was hypothesized that RN students who were 

medication trained (Group 2) would score above 70% on each medication calculation 

question. 

To test H01, scores were analyzed as frequencies out of total population converted into 

percentages out of total possible (Pagano & Gauvreau, 2000). Frequency and percent 

analyses were also applied on a per-item basis. 

Q2: Did general numeracy scores correlate with medication calculation scores? 
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H02: The null hypothesis was that no correlation would exist (r < 0) between general and 

clinical numeracy scores. 

RA2: The research hypothesis was that students would show strong positive correlation 

between scores on general numeracy and scores on clinical numeracy questions (0.5< r < 

1). The statistical method to test H02 was regression analysis and determination of the 

Pearson correlation coefficient (r) (Pagano & Gauvreau, 2000). 

Q3: Did RN students who had completed the program’s medication administration 

training score higher than those who had not yet completed this training? 

H03: The null hypothesis was that no difference would exist between scores for RN 

students not yet complete (Group 1), and those complete (Group 2), in the program’s 

medication training. 

RA3: The research hypothesis was that RN students who had completed the program’s 

medication administration training would score higher than those who had not completed 

this coursework. The statistical analysis to test H03 was 

Limitations 

As noted, the ideal measurement of numeracy skills for this study would include 

general numeracy questions, and medication calculations in the most realistic context. 

The NHS computerized instrument to assess nurse numeracy, and corresponding hands-

on practicum, are state of the art for this purpose (Hutton, Coben, Hall, Rowe, Sabin, 

Weeks, &Woolley, 2010). However, limitations of this study in scope, in lack of any 
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formal funding, and in lack of authority to access resources, suggested a need to obtain 

data via a paper instrument. Therefore, the limitation existed of testing students in a less 

realistic context of testing than the actual clinical, hands-on context which would be ideal 

as a preferred, or at least supplemental, testing mechanism. The scope of the assessment 

was also limited in the number of questions assayed; it is possible that increasing the 

number of questions would allow for multiple questions on the same topic, thus 

increasing the opportunity for internal validity and reliability. However, in an effort to 

restrict participants’ unpaid donation of time to one hour, the instrument was limited to 

the 20 math-related questions and demographic queries which confined the survey to four 

paper pages. A further limitation of the study design was the inability to contrast how 

results might differ for a control group from the general population; nor did the study 

employ another ideal control, which would be the same student body, with access to a 

calculator or conversion chart allowed. These groups have been omitted from the scope 

of this study due to limitations in time and resources, but are advisable for future studies. 

Total sample size of those enrolled is acknowledged as a limitation, as is the geographic 

and site limitation to one community college system in the American Southwest. 
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Figure 1. Summary of study design



 

 

 

 

 

 

Chapter IV 

      Results 

Sample Description 

The study sample entailed 47 RN students. Descriptive data for the study 

population appear in Table 2. The mean age of subjects was 31, with a wide range from 

ages 20 to 52. The sample was an almost equal split between students in the first semester 

(25 students) vs. those who had completed the first semester, including the medication 

training (22 students). None of the students answered as having already obtained a 

vocational nursing license, but four were already certified nurse assistants, and seven had 

another prior certification, such as emergency medical technician (EMT) or phlebotomy 

lab technician (PLAB). Among the 25 out of 47 RN students who answered the question 

regarding prior education, the majority, or 72%, listed a high school diploma as the 

highest education completed. Six individuals answered as having an associate’s degree; it 

was unclear if this were the participant’s interpretation of the question as presently in an 

associate’s degree program, or already having completed this degree. Only one individual 

answered as having obtained a bachelor’s degree. 
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Table 2  

Description of sample population. 
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Results for Question 1 

(Q1): Which numeracy skills show mastery by less than 70% of the population 

tested? 

The mean population achievement for all items was 69.91%, right on the selected 

cut-off of 70% population attainment. Per item responses by the total RN student sample 

appear as a list in Table 3, and in graph format in Figure 2. A more detailed analysis 

itemized per test question is present in Appendix B. More than 70% of the tested 

population answered correctly on all general numberacy items except 1, 3, 7, and 9. Item 

1 entailed decimal addition; item 3 was multiplication of two decimal numbers. Item 7 

required students to calculate what percent 14 out of 21 formed, and item 9 required use 

of proportion or dimensional analysis and unit conversion skills. RN students scored well 

above the 70% population passing line on both questions asking straightforward unit 

conversion of kg to lb or of tsp to mL. Only 6.4% of RN students left kg to lb conversion 

blank or answered incorrectly; only 14.9% left tsp to mL blank or answered incorrectly.  

However, on the eight clinical numeracy questions, below 70% of the tested 

population answerd correctly on all items except items 13 and 17. Item 13 asked for oral 

Synthroid tablet dosage, and item 17 requested Amikacin injection dose. Almost all, or 

91.5%, of RN students correctly obtained the 1mL injection amount for Amikacin. Items 

14,15,16, 18, 19.1, 19.2, and 20 all showed less than 70% of the RN students answered 

correctly. These items involved dosage for solid medication Dilantin, liquid medications 

Symmetrel and Amyphylline, injection of heparin, and IV rates for D5NS or normal 

saline; skills required for solving these problems included dimensional analysis, or 
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altneratively multiple proportions. Skills with the lowest percent population achievement 

were those for items 18, 19.1, and 19.2. Item 18 tested Heparin units and mL injection 

needed, which required patient lb to kg converesion, and unit to mL conversion. Items 

19.1 and 19.2 tested drop and mL delivery rates for D5NS IV administration. Again, 

these questions would have required either use of multiple proportions in succession, or 

alternatively multi-step dimensional analysis.  

Table 3. Percent RN student population answering correctly, per test item 

 

Note: Those not counted “correct” indicate answers given incorrectly, or left blank. 

# RN students correct % of n= 47 population

Question out of n=47 correct Question content

1 32 68.09 add decimals

2 42 89.36 subtract whole numbers

3 25 53.19 multiply decimals

4 39 82.98 add fractions

5 45 95.74 divide whole numbers

6 42 89.36 compare fraction, decimal and percent

7 28 59.57 find percent

8 46 97.87 solve for x in two-step equation

9 27 57.45 proportion in context

10 44 93.62 proportion in context

11 44 93.62 kg to lb unit conversion

12 40 85.11 tsp to mL unit conversion

13 37 78.72 Synthroid tablets

14 26 55.32 Dilantin capsules

15 28 59.57 Symmetrel liquid

16 29 61.70 Aminophylline liquid

17 43 91.49 Amikacin injection

18 16 34.04 Heparin injection

19.1 16 34.04 D5NS IV, gtts/min

19.2 16 34.04 D5NS IV, mL/min

20 25 53.19 NaCL IV flow rate
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Figure 2. Percent of the RN student population which answered correctly, per item 

 

In addition to per item analysis, scores were also analyzed as total scores earned 

out of 100% possible as a total test score. Figure 3 below provides a panoramic view of 

total test scores earned by all 47 RN students. The histogram shows the frequency, or 

number of students, with a given score. The distribution of scores was skewed from the 

normal distribution, as shown by contrast to the normal curve drawn in a solid line over 

the score bars in Figure 3. The minimum total test score for all items, general, units and 

clinical put together, was 19.05%. The maximum total test score, earned by 4 of the 47 

subjects, was 100%. The mean total score was 69%. From the list of frequencies 

available in Appendix D, and visible in the histogram in Figure 3, it is evident the scores 

fell almost evenly half above and half below the mean (23 students scored below, and 24 

students above, 69 as a total score). 
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Figure 3. Distribution of total test scores earned by RN students, N=47  

 

In summary, question 1 asked which numeracy skills are attained by less than 70% of the 

population. Results showed that general and clinical numeracy skills requiring decimal 

operations, and either multiple proportions or multi-step dimensional analysis, were 

attained by less than 70% of the tested population; general percent calculation,  while not 

matched in a clinical question here, was also below this threshhold. The mean population 
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achievement per item was 69.91%, and likewise the mean total test score among 

participants was 69% out of 100% possible. 

 

Results for Question2: (Q2): Do general numeracy scores correlate with medication 

calculation scores?  Medication calculation scores correlated positively with general 

numeracy scores. Table 4 shows these data. Table labels are (General) for non-clinical 

numeracy items #1-10 on the test, (Units) for the two pure unit conversion questions #11-

12 asking for kg to lb. or tsp to mL conversion, and (Clinical) for medication dosage 

questions # 13-20; (Total) refers to the entire test. General numeracy scores showed 

significant, positive correlation with scores on the clinical section, with the unit 

conversion outcomes, and with total test scores. Therefore, in summary, results for 

question two show that general numeracy scores do correlate positively with clinical 

numeracy scores.  
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Table 4. 

 Pearson correlation outcomes for general, unit equivalency, or clinical items 
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Results for Question 3 (Q3): Do RN students who have completed the program’s 

medication training score higher than those who have not yet completed this 

training? 

Results showed that RN students who had completed the program’s medication 

administration training did not score higher than those who were still within the first 

quarter of the course. Table 5 shows the mean scores for general numeracy, pure unit 

conversions, and clinical dosage questions among first semester (Group 1) students who 

were still in the first quarter of training, vs. later semester (Group 2) students who had all 

completed the program’s medication training. 
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Table 5.  

Descriptive statistics for items answered correctly per category 

 

Note: PRE refers to Group 1, first semester students who had not yet completed the 

medication training; POST refers o Group 2, or later than semester 1 students who had 

already completed the medication training. 
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Categories for item analysis were general numeracy (#1-10), pure unit 

equivalency (#11-12), clinical numeracy (#13-20), or total test (#1-20). Due to the 

skewed nature, and small sample size, both mean and median analyses were undertaken. 

First semester, non-medication trained students scored higher across general, unit, and 

clinical numeracy sections. While the first semester students scored consistently higher 

than later semester students in all categories tested, these differences were not significant. 

The t-test results comparing Group 1 and Group 2 means appear in Table 6. Again, due to 

the sample size being small and skewed, non-parametric testing of medians was also 

conducted. The non-parametric analysis confirmed the analysis using means. Median 

comparison showed that first semester students who had not completed the medication 

training scored higher across all categories than later semester students who had 

completed the training. As found using comparison of means, differences in medians, 

while consistent across categories, were not significant. In summary, in answer to 

research question 3, which investigated whether students who have completed the 

program’s medication training scored higher than students still in the first semester, the 

answer was no: results showed that the first semester students still within the first 5-8 

weeks of the training scored higher in all categories than those who had completed the 

training. 

   

 

 



42 

 

vii 

 

 



43 

 

vii 

 

 

T
ab

le 6
.  

C
o
m

p
a
riso

n
 o

f m
ea

n
s b

y tw
o

-sa
m

p
le t-test, fo

r stu
d
en

ts in
 G

ro
u
p
 1

 ( P
R

E
, o

r still d
u
rin

g
 m

ed
ica

tio
n
 tra

in
in

g
) vs. 

G
ro

u
p
 2

 (P
O

S
T

, fin
ish

ed
 w

ith
 th

e m
ed

ica
tio

n
 tra

in
in

g
).  

 



 

 

 

 

 

Chapter V 

Discussion 

Summary of Findings 

 This study investigated the numeracy skills of associate degree RN students. The 

investigation method was general and clinical numeracy assessment of RN students at a 

local community college. Results showed that among RN students, skills involving 

decimal, fraction, percent, and proportion were general skills in need of support due to 

attainment by less than 70% of the tested population. In contrast, greater than 70% of the 

population scored correctly on whole number operations of addition, subtraction, and 

division. Results also showed that clinical calculations involving multiple steps of 

proportion and unit conversion, alternately solvable by multi-step dimensional analysis, 

were in need of support among RN students. While the hypothesis was that completion of 

the RN program medication training course would show a marked difference in student 

scores, unexpectedly the first semester students, who had not completed this training, but 

who had been admitted under more stringent admission criteria, scored higher than later 

semester students.  

Interpretation of Sample Characteristics 

 A sample size of 47 RN students participated in the assessment. The total sample 

size presents a challenge in interpretation and utility of the data; the study population is 
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smaller than desirable for generalizable outcomes. However, the data provide useful 

information for admission considerations and instructional support at a local level. 

Ideally, further studies with larger sample size would investigate how local, as opposed to 

externalizable, these findings are. Regarding ethnicities represented in the tested sample, 

data here did not mirror the national snapshot obtained by the National League for 

Nursing (NLN). Among the 40 students here who answered regarding ethnicity, the 

sample was 22.5% Caucasian, 25% Black (whether African-American or international), 

22.5% Hispanic, and 30% Asian or Middle Eastern/other, an almost equal breakdown 

across these groups. Regarding externalization of this study, the sample here does not 

represent the national sample obtained by the NLN in its survey data, where ethnic 

minority representation at the associate degree RN level was lesser, at 12.1% African 

American, 3.9% Asian, 10.1% Hispanic, and 7.2% Hawaii-pacific Islander, Multi-racial, 

or Other (National League for Nursing, 2014a). Among RN students providing answers 

regarding prior degrees, the majority (72%, or 18 out of 25) had a highest degree of a 

high school diploma. The average age was 31 ± 8.56, and median age 29, with an age 

range of 20-52, among N=38 who reported age. This demographic, inclusive of 18 out of 

38, or 47.4% being over age 30, is compatible with national data collected on associate 

degree RN students: a national survey found that 42% of ADN students were over age 30 

(National League for Nursing, 2014b). Only six students in the sample of 47 here tested 

were ages 20- 22. This age distribution suggests that most students here tested were 

several years removed from high school, including removal from the math training 

received in secondary school. Many of the tested students indicated they had taken other 

math classes since high school; 35 out of 38, or 92.1% answered to having taken a math 
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class since high school. The instrument did not clarify whether students were counting 

the RN program medication class, or pure math classes, in this count. It would have been 

useful to further clarify math training history by asking if specifically Pharmacology or 

Chemistry classes had been taken since high school, as well, since some skills are better 

represented there than in pure math classes.  

Interpretation of Results for Research Question 1: 

Q1: Which numeracy skills showed mastery by less than 70% of the population tested? 

H01: The null hypothesis was that all items assessed would be achieved by at least 70% 

of the population tested. 

RA1: The research hypothesis was that general numeracy and medication calculation 

skills requiring unit conversion or proportion would be attained by less than 70% 

population tested. 

Results showed rejection of the null hypothesis that all RN students would attain 

at least 70% population mastery on each item tested. Findings showed that items below 

70% population achievement by the RN student sample were items 3,7, 9 in the general 

numeracy section, and items 14,15,16, 18, 19a, 19b, and 20 in the clinical numeracy 

section (Figure 3 and Table 3). Lowest achievement occurred on Heparin units or mL to 

inject (item 18), and D5NS IV flow rate in mL/hr and gtts/min (19.1 and 19.2) 

calculations. These items 18, 19.1, and 19.2 all required multiple unit conversions, 

including patient weight from lb to kg. 
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Overall, the scores were higher than anticipated, but compatible with at least a 

few other recent published outcomes. The data here, of a 69% total average score, is 

similar to the outcome found by Wright in the UK following intervention among nursing 

students (Wright, 2007a). Wright tested a group of 71 second-year nursing students on a 

30-question drug dosage test in a pre-intervention sampling; the students were also later 

tested post 7 months of intervention via instruction, tutoring, and labs. The pre-test mean 

score was 55% correct; post-intervention, the mean score was significantly higher at 

71.2%, a figure more resembling the percentage found here. However, these data are 

difficult to compare because the test instrument was different (the instrument used by 

Wright was not published) from that used here; also, this test took place in the UK. 

However, the skills assayed sound similar to the skills tested here, including IV infusion 

and drip rates, as well as other drug calculations. Fraction multiplication, ratios, and place 

value skills remained low scores in spite of intervention. Wright’s test, like this one, did 

not include calculator use. Wright reasoned that the fraction issue might be circumvented 

in practice with a calculator available (Wright, 2007a). A concern expressed by Wright 

was that only 32% of students score at least 83% correct, and only 2 made 100%.  This 

infers continued need for educational adaptation given the UK’s development of a drug 

dosage test at point of nurse registration requiring a 100% pass mark. Comparatively, in 

the present study only 4 out of 47 students, or 8.5%, made scores of 100% on the total 

test; including these, 13 out of 47 RN students, or 27.7%, would have met Wright’s 

category of an 83% score, comparable to Wright’s finding of 32% achieving 83% overall 

scores. 
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The present average score of 69% for RN student achievement on a paper test was 

below that achieved by UK students in an online test given by Coben, Hodgen, and 

Ogston-Tuck in 2009. However, the authors considered this online instrument to be 

wanting, and to support the need for the NES to develop the national benchmark for 

numeracy in nursing; the NES published this benchmark in 2010. It is possible that in the 

present study, too, a lack of more realistic contextualization of questions or formatting of 

response could have affected student outcomes. In the present study student answers were 

handwritten on paper, and hand-scored by the researcher, rather than computer-scored; 

therefore in the present study, correct answers even in alternate units in the clinical 

question section were accepted and scored as correct. For example, in the Symmetrel 

question for liquid dose, the answer requested in tsp which should have been 2 tsp was 

counted correct if the student alternately gave the answer in mL instead as correctly 

10mL, since though not in the units requested, this would have been the correct and 

exactly same does administered to the patient.  

Items 9 and 10, which were both proportion problems, had widely disparate 

achievement levels in spite of addressing the same category of skill. Students could have 

answered both of these questions by the same methods of proportion or dimensional 

analysis. But 57.4% of students answered item 9 correctly, while 93.6% answered item 

10 correctly, in spite of homologous methods applying. This difference in outcomes 

could be due to the ability to solve item 10 by scaling or a single proportion, while item 9 

would have required multiple conversions. This may give insight into why the clinical 

questions requiring dimensional analysis, or the alternatively multiple proportions, such 
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as problem 19, were also achieved by less than 70% of the population. Items 13 and 17, 

the only clinical questions which were answered correctly by more than 70% of the 

students, could be solved in a single proportion, as could general numeracy item 10. As 

worked out in scratch in Appendix E, item 10 could be extracted almost directly from the 

text into a proportion, and could be solved with a single proportion. Alternatively, one 

could use dimensional analysis.  In contrast, item 9 was also solvable by dimensional 

analysis; but someone seeking to use the proportion method would have needed to set up 

multiple, or at least two successive, proportions to obtain the desired units. This raises a 

question of student familiarity with the method of dimensional analysis, which can 

address multiple unit conversions in one line-up, versus the proportion method. Ideally 

students would receive instructional support so as to use both methods with confidence. 

Therefore, the data for research question 1 suggest a need to build student skills in 

decimal operations, percent calculation, and especially ability to translate a given 

situation into dimensional analysis (or successive proportions) to traverse multiple unit 

conversions. 

Interpretation of Results for Research Question 2: 

Q2: Did general numeracy scores correlate with clinical numeracy scores? 

H02: The null hypothesis was that no correlation would exist between general and 

clinical numeracy scores. 

RA2: The research hypothesis was that students would show strong positive correlation 

between scores on general numeracy and scores on medication calculation (0.5< r < 1). 
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Findings rejected the null hypothesis. Results showed a positive correlation between 

general and clinical numeracy scores, as well as between pure unit conversion scores with 

both general and clinical categories. Strong positive correlations existed between general 

and clinical scores. Correlations between general and units, (r=0.347), and between 

clinical and units (r=0.359) were weakly positive, but still significant. The interpretation 

of this finding is value in educational intervention to strengthen general numeracy skills, 

and equipping of students to know basic unit conversions. This suggests rich opportunity 

to build nurse numeracy by building general numeracy skills in years preceding the RN 

program. 

The RN program is tightly time-bound to five semesters, with limited 

instructional time committable to drug dosage. The findings here infer that the years 

preceding actual RN program enrollment, such as high school instructional time, could 

contribute substantially to improved drug dosage skills by affording improved general 

numeracy skills. Instructors could apply current Texas Essential Knowledge and Skills, 

or TEKS, for high school math classes to allow increased incorporation of these general 

skills. Instruction in ratio and proportion, critical to nursing skills, is explicitly stated in 

the sixth-grade math TEKS (Texas Education Agency, 2009a). These skills are rarely, if 

at all, explicitly stated in the high school math TEKS. However, proportional reasoning is 

latent in the concept of rate of change (slope) in Algebra1, and in Precalculus in 

conversion between radians and degrees (Texas Education Agency, 2009a). 

Concurrently, some of these skills are in practice in the secondary school science courses. 

For example, unit conversions in Chemistry and Physics are expected. The Chemistry 
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TEKS include (2G) “express and manipulate chemical quantities using scientific 

conventions and mathematical procedures, including dimensional analysis, scientific 

notation, and significant figures”, (10C) “calculate the concentration of solutions in units 

of molarity”, and (10D), “use molarity to calculate the dilutions of solutions” (Texas 

Education Agency, 2009b).  Environmental Systems course objectives include TEK 2J, 

“perform calculations using dimensional analysis, significant digits, and scientific 

notation” (Texas Education Agency, 2009b). The Physics TEKS include 2H, “make 

measurements with accuracy and precision and record data using scientific notation and 

International System (SI) units”, and 2L, “express and manipulate relationships among 

physical variables quantitatively, including the use of graphs, charts, and equations” 

(Texas Education Agency, 2009b). These explicitly exhorted objectives plainly integrate 

math skills such as unit conversions, dimensional analysis, or proportion, into student 

learning across multiple courses in which students may enroll. The minimum diploma for 

high school graduation requires at least three math and three science courses (Texas 

Education Agency, 2014). Therefore, while a student could minimally graduate with 

limited exposure to these skills, the learning objectives listed from middle school onward 

deem it impossible to escape exposure. 

The present study did not query where students had gone to high school, if even in 

this country, let alone this state, nor which courses they had taken in high school. And the 

demographic data collected clearly showed a population chiefly several years removed 

from high school. However, the mandatory nature of secondary schooling provides an 

excellent opportunity to fortify students, at the least, in the general and unit conversion 
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skills here tested. The TEKS that include these skills, while represented better among the 

science classes than the math classes at the high school level, do not exclude the option 

for adding emphasis and classroom time to these skills. Increased focus on vocationally 

useful numeracy skills might require approval of a new math course to count toward 

graduation requirements, such as establishment of a Numeracy for Healthcare, or 

Introduction to Pharmacology, course that would grant official math credit. 

Interpretation of Results for Research Question 3: 

Q3: Did RN students who had completed the program’s medication administration 

training score higher than those who had not yet completed this coursework? 

H03: The null hypothesis was that no difference would exist between scores for RN 

students who had not yet completed, vs. those who had already completed, the RN 

program’s medication administration training. 

RA3: The research hypothesis was that RN students who had completed the program’s 

medication administration training would score higher than those who had not completed 

this coursework. 

Surprisingly, findings were contrary to both the null and the research hypotheses. 

While it was reasoned that RN students who had successfully completed the program’s 

medication administration course would be better equipped in clinical calculation skills, 

in contrast the first semester students, who at the time of this data collection would have 

been about five to eight weeks newly into this course, the scores did not support this. 

First semester students in the first half of this training scored higher in total test scores, 
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and within the general, unit, and clinical numeracy categories. In addition to first 

semester students not having completed the didactic medication training, the first 

semester students also would not yet have benefited from the clinical on-site training, or 

hands-on workplace experience, in which the later semester students were actively 

participating.  

This unexpected finding raises various interpretations. One interpretation is that 

this striking higher outcome for new students may reflect the raised bar in formal 

admission criteria for this first semester cohort in comparison to prior cohorts. 

Additionally, some of the fourth semester or higher students were students having to 

repeat a course. Therefore Group 2, the later semester students, while representing 

students advanced further in the program, also contained some students who by then had 

encountered enough academic difficulty to have to repeat a course.  Another possible 

interpretation of the first semester students, who were just in the first half of the 

medication training, is that immersion in the material, even though only partly exposed so 

far, may have buoyed student ability to perform numeracy skills (Delores Saddler, 

personal communication, May 7, 2017). The later semester students were not at the time 

immersed in didactic coursework on pharmacology math, since they had completed this 

class; however, the students past the first semester would have all been in practicum 

rotation at clinical sites, with potential workplace exposure and hands-on practice in 

medication administration. 

These data suggest continued consideration of admission criteria. Schaffer and 

McCabe found that preadmission criteria significantly affected first-time NCLEX success 
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rates of nursing students (2013). Namely, preadmission GPA had strong positive 

correlation with later passing the NCLEX. Grades obtained specifically in preadmission 

science classes of Anatomy and Physiology, as well as Microbiology, were also 

predictors, or correlated positively, with NCLEX pass marks. Humanities course success 

did not show significant bearing on NCLEX pass marks. Schaffer and McCabe 

accordingly advocated nursing program attention to overall GPA, and science grades or 

need to retake science classes, in admission decisions due to the end NCLEX outcomes. 

The results here which show first semester students, who were less trained in the nursing 

curriculum but who were admitted under stricter criteria, as outperforming those more 

advanced chronologically in the program. These results support those of Schaffer and 

McCabe in suggesting the gravity of admission criteria in overall student success. This is 

an important consideration as RN programs seek to fill a workplace shortage, but to fill 

that shortage with skilled workers. 

In addition to admission criteria as one interpretation contributing to first semester 

students performing better, the second interpretation was that ongoing pharmacology 

training that the first semester students were during that semester taking contributed to 

their higher scores. Published literature does support value in immediate training, which 

can wane over time. For example, Adams and Duffield in 1991 reported immediate, 

short-term results in RN student calculations from intervention, which then flattened over 

time. In this study, Adams and Duffield evaluated Australian nursing students on a 10-

item drug dosage test. Students received instruction in drug dosage before the first 

testing; second, semester, first year students were successively drilled or tested five times 
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over one-week intervals. The students tested another five times over the next two years in 

this three-year program. Adams and Duffield found that within the first year, scores rose 

from 7.55 out of 10 on the first paper to 9.1 by the fifth. However, over the next two 

years, scores fluctuated, with a low of 7.52 and a high of 8.85 (Adams & Duffield, 1991). 

In contrast, in McMullan’s 2010 study, results suggested that over time in the workplace 

skills continue to improve. McMullan found that nurses already in the workplace 

performed slightly better than nursing students on drug dosage calculations (McMullan, 

Jones, & Lea, 2010). This result from McMullan’s team would have supported the later 

semester students performing better, which was not the case. One interpretation of the 

data in the present study is that there may be value in ongoing immersion in drug dosage 

training, since the first semester students newly immersed out-performed those already 

finished with the drug dosage formal training. This suggests value in continued skill 

training immersion, or maintenance. This could occur by integration throughout the RN 

program (though finding time would be a challenge), or by targeted professional 

development post- licensure. Value in continued immersion is supported by the literature. 

For example, Van de Mortel, Thea, Leeann, and Irwin found continued skill immersion 

increased nursing student numeracy scores (2014). These authors tracked a numeracy 

intervention from 2008 until 2011 at an Australian nursing program for bachelor degree 

students. Longitudinally, students significantly improved due to a whole-of-curriculum 

integrated approach over that three-year period, suggesting continued immersion in 

numeracy skill training not only maintains but raises scores. 

Implications 
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The purpose of this study was to assess nursing student numeracy in order to 

intervene instructionally, if and where needed, to improve nurse numeracy, toward 

improved patient care. The findings implicate these key questions for consideration in 

educational planning: 

1) What level of mastery is appropriate in the expected skill set?  

2) Reverse planning from the decided mastery level, what actions can instructors 

take in high school general numeracy training to facilitate this mastery? 

3) What actions can instructors take in associate-level RN training or in professional 

development to attain and to maintain mastery? 

4) Which admission criteria need emphasis or revision to promote an RN workforce 

adequate to meet unfilled demand, but also to meet skill expectations? 

What level of mastery is appropriate? These data prompt questions regarding what 

level of mastery is needed by the nursing student population. Decisions of mastery levels 

expected at the population level would then drive how intervention should occur. In this 

study, a threshold of 70% of the population answering correctly was the cut-off used for 

suggestion of intervention warranted. However, of course translating a 70% correct 

standard to the patient context is undesirable. 

These data occur in a context of many skills nursing students are expected to master 

within a short, two-year program at the associate degree level. As noted, expectedly skill 

level will increase with experience on the job, or through further formal education and 

additional degree attainment. Yet hiring entities may draw from newly licensed RNs, and 

faculty are expected to prepare RN students at the associate level, who will take the 
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NCLEX, to demonstrate mastery of drug dosage. This underscores the importance of 

having curricular support vertically aligned to achieve mastery by this point of 

registration. Mastery would ideally be maintained by continuing education in 

professional development, or simply by daily job practice and support.  

In practice, responsibility for medication administration spreads across multiple 

healthcare roles. A physician prescribes a medication and dosage, the pharmacist 

prepares this order, with possible handling also by a pharmacy technician, but at the 

individual patient level the nurse may measure and administer the medication (Brady, 

Malone, & Fleming, 2009). What level of mastery in calculation and technical 

measurement is acceptable across educational institutions and employers? The NCBSN 

has stipulated skills and expectations, and tests accordingly as part of the NCLEX for 

licensure. However, there is not an expectation in the U.S. for 100% mastery of clinical 

calculations as there is in the U.K. And while there is standardized assessment at the 

licensure level via the NCLEX, testing within training schools is localized and non-

standardized, though the skills appear in agreement or redundant among colleges. This 

mirrors what occurs in the workplace. Hospitals often have their own, local assessment 

for incoming nurses in order for the prospective employee to qualify. Questions remain 

regarding whether a separate, drug dosage test should be given to licensure applicants, or 

whether such standardized instruments should be used by employers. Debate could 

include concerns of adding to testing burden, and associated costs in finances or time; it 

is undesirable to increase the number of standardized tests required.  And employers may 

validly insist that numeracy needs might be specialized by the role for which the nurse 
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has applied. For example, a nurse applying for a pediatric ICU position will have 

pediatric drug dosing expectations not needed by a nurse applying for a diabetes educator 

position. Therefore, the question raised in this discussion of what mastery levels is 

acceptable, and in what specific ways that is assessed, is an important question for 

educators and employers to address in order to drive reverse planning of curriculum or 

educational support. In a human population where perfection is unrealistic, what is a 

realistic but appropriate level of mastery for RN students—a level that does not reduced 

the population eligible for registration as RNs to zero, but does not endorse a workforce 

less prepared than it could be? 

Even those with upstream authority in the medication process, namely medical 

doctors (MDs) who prescribe the medication and pharmacists who fill the orders, are not 

required to pass exams at 100% proficiency. MD licensure requires Comprehensive 

Osteopathic Medical Licensure Exam or US Medical Licensure Exam (USMLE) Steps 1, 

2, and 3. As of January 1, 2016, the minimum passing level for the Step 3 USMLE was 

set at 196 out of 300 as a top possible score (previously minimum passing score was 190) 

(FSMB & NBMB, 2016). As published in the scoring guidelines, the passing threshold 

may be variably set; but given the norm table released by the USMLE organization 

almost no one is below that 196 passing threshold (FSMB & NBMB, 2016). The rankings 

given in this table are percentiles; the interpretation is that a score of 200 meant the tester 

scored better than 8% of those taking the test, and likewise the next lower score of 195 

indicated the tester only achieved better than 5% of total testers. No one scored at or 

below 175. Mean scores ± SD for the USMLE Steps 1, 2, and 3 were 229 ± 20, 240 ±18, 
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and 225 ± 16, respectively (FSMB & NBMB, 2016). These data communicate a below 

100% passing rate acceptable by the medical professionals imbued with even higher 

responsibility levels than nurses. 

 Pharmacists are expected to pass the North American Pharmacist Exam and 

Multistate Pharmacy Jurisprudence Exam (NAPLEX and MPJE) at a score of 75 each for 

licensure in Texas. The NAPLEX score of 75 is obtained on a weighted, scaled score 

from 0 to 150, while the MPJE required 75 is scaled from a range of 0 to 100 (NABP, 

2017). Among 2016 NAPLEX first-time testers, 85% met the criteria of passing at 75 or 

higher. Considered together, the passing rates also call into question what level of 

mastery should be expected before intervention occurs. In this present study, 70% 

population mastery was the line for labeling a skill as warranting intervention. On the 

USMLE step 3 results above, 95% of the population met the passing standard, and on the 

NAPLEX, 85% met the standard. This raises additional questions on what, for nurses, the 

appropriate numeracy standard in the U.S. should be, and what population mastery cut-

off is considered appropriate for pursuing population-scale interventions. NCLEX pass 

rates so far for 2017 are shown in Table 7. There is not a fixed number score that marks 

passing the NCLEX. Rather, a computer algorithm tracks candidate progress during the 

test to determine whether, and when, a candidate has either met or definitively failed the 

passing standard (NCBSN, 2017). Table 7 shows an 87.72% population pass rate among 

U.S. students for 2017 so far, with an 85.34% pass rate at the associate degree level, and 

a 73.96 composite population (international and repeat testers included) pass rate. 
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Table 7.  

Early 2017 NCLEX pass rate data. 

 

NCBSN. (2017). NCLEX statistics from NCBSN. Retrieved from 

https://www.ncsbn.org/Table_of_Pass_Rates_2017.pdf 

 

Notably, pharmacology, including medication math, comprises only 12-18% of 

the NCLEX (Figure 6, adapted from the 2016 RN Test Plan) (NCBSN, 2016). As shown 

in Figure 6, categories among which the NCLEX is distributed all comprise a range of 6-

23% of the test. Percents given are midpoints for ranges projected by the 2016 test plan 

(NCBSN, 2017). The test plan receives review and update every three years to ensure that 

the assessment reflects the breadth of skills needed for practice (NCBSN, 2015). The test 

https://www.ncsbn.org/Table_of_Pass_Rates_2017.pdf
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plan speaks to the challenge facing faculty of preparing RN students: students are 

expected to be workplace, and assessment, ready, with considerable breadth. Within this 

breadth, accomplishing remediation of supposedly prior skills such as those for general 

math, or sharpening these in depth, poses challenge in a two-year program time. It seems 

on the one hand beyond the scope of a two-year, RN program charged with 

accomplishing such breadth to remediate in depth general numeracy pot-holes perhaps 

extensively acquired over years 1-12 of general education. Therefore the data here of 

correlating general and clinical numeracy scores supports educational intervention 

targeted at the grade 1-12 level, with especial value in targeting the pre-RN program last-

contact years of high school.  
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Figure 4. Percent distribution of NCLEX test questions. Adapted from NCBSN. (2016). 

RN Test Plan. Retrieved from 

https://www.ncsbn.org/2016_RN_Test_Plan_Candidate.pdf 

What are the implications for intervention at the high school, or pre-RN program, 

level? The data support basic math skill repetition at the high school level for vocational 

use. The below Figure 7 is excerpted from a publication by Martia highlighting changes 

in math curriculum over time in Finland (2009). The data on basic, general numeracy 

skills shown in this figure came from testing of more than 350 students ages 15-16. The 

author acknowledges that these changes represent what occurred on largely a global 

scale. The author also acknowledges that Finland ranked well in the Programme for 

International Student Assessment (PISA) math test. Finland ranked 5rd for math score in 

2009 (behind Shanghai, Singapore, Hong Kong, and Korea), while the U.S. ranked 18th 

out of 33 countries. In summary of changes occurring in math curriculum from 1970 to 

2003, the author notes 1) incorporation of calculators, 2) in the 1970s “New Math”, 

followed by 3) “Back to Basics”, then 4) focus on problem solving in applications. 

Again, the author describes this progression as international in trend. An end of high 

school math test has been in place for 150 years in Finland. Therefore, the author 

contrasted results obtained by students in 1981 on sample questions relative to the same 

skills tested in 2003. As evident in Figure 6, multiple basic skills declined, including the 

ability to explain what a simple fraction problem meant. 
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Figure 5. International tracking of changes in math skills: data from Finland, as published 

by Martia in 2009  
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In the U.S., the math history has followed similar trends. In the 1950s-1960s, the 

New Math trend included teaching abstract math at younger levels, with emphasis on 

discovery and seeking patterns (reviewed in Woodward, n.d.). The 1970s shift to Back to 

Basics was in part a response to students not meeting employment standards. The 1970s 

and 1980s included more allowance of direct or explicit instruction, as well as increased 

research into how to provide educational equity across economic levels (reviewed in 

Woodward, n.d.). The 1980s also included increased focus on metacognition or problem 

solving promoted as the teaching framework for math. Behaviorism remained 

instrumental in this teaching framework, while technology increasingly became available 

to the classroom. The 1990s included anchored instruction in math, or attempt to anchor 

basic skills in meaningful contexts. 

Jacob Vigdor provided a panoramic of these trends in math over the past decades 

in a recent publication (Vigdor, 2012). Vigdor cites World War II as alerting the U.S. to a 

lack of computational skills among enough people, as evinced through lack of ability to 

calculate artillery trajectories. This helped to push the U.S. toward math reform via the 

New Math; the goal was to both increase the proportion of the population with higher 

math skills, and to raise the level of the math skills that population was taught. However, 

in the next decades, overall the lowest performing students improved, while improvement 

did not occur among the more proficient. Vigdor noted that the 1983 Nation at Risk 

report highlighted how widespread the need for remedial education at the post-secondary, 

or college level, had become, and how within the decade thereafter, favor shifted to 
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calculators over calculating by hand, and cooperative student work over direct instruction 

(Vigdor, 2012). 

According to the National Assessment of Educational Progress or NAEP, overall 

math performance has improved from 1978 to 2008, particularly among elementary, 

though less among high school, students (reviewed in Vigdor, 2012). However, as gauged 

on the PISA, in the 2000-2009 span, U.S. math performance has declined. Vigdor 

interpreted these data as suggesting the U.S. has successfully improved equality and 

access to serve the low-performing or average student, but in this process has levelled 

instruction to a lower standard. Vigdor points out that greater than 50% of doctoral 

degrees in science and engineering in the U.S. are received by foreign students. Vigdor 

emphasizes a need to improve the performance of lower achieving students in absolute, 

rather than relative, terms, and that future policy should permit adaptation of curriculum 

to student needs. 
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The PISA test data shown have been used to highlight that wealth put into 

education is not a predictor of test success: for example, the U.S. spends double per 

student what the Slovak Republic did but scored the same (481) on the 2012 PISA for 

math (OECD, 2012). Multiple factors have been under scrutiny for these results. 

Addressing the entire topic of math history and curricular changes, or what changes could 

be made, are outside the scope of this paper; inclusion of these PISA findings here occurs 

because they communicate concerns over general skills relevant to nurse numeracy. 

The international example of Finland, and the PISA results from the U.S., suggest 

a need to support general math skills at the high school level. The PISA results represent 

15 year -olds from a variety of schools across the U.S. In the context of the present study, 

findings showed especial difficulty, or below 70% population answering correctly, on 

decimal multiplication (item 3), and on a ratio or proportion (item 9). The middle school 

curricula for math addresses these skills; so do high school science classes, and some 

representation also occurs in high school Algebra. Therefore the implications of the 

present study’s data, in context of international and national concerns over declining 

general skills, is opportunity to improve vocational math skills by increased instruction of 

these basics, relegated to the middle school or introductory high school levels now, 

throughout later high school curriculum.  

The data also call for consideration of how to use technology to benefit, not 

hamper, student learning. Technology skills, including in math, are essential globally; but 

according Martia in her 2009 Finland study interpreted decline in basic skills as at least in 
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part due to inappropriate calculator use (Martia, 2009). Educators face the question of 

how to provide students technological training that supplements, not substitutes for, 

general numeracy skills. It is possible that calculator dependency has contributed to the 

low attainment on some general numeracy skills in this present study; the present study 

did not permit calculator use. Calculator availability is widespread now with cell phones 

providing this tool. The model for nurse numeracy includes conceptual, computational, 

and technical domains (Weeks, Lyne, and Torrance, 2000).  Expected skills are 

conceptual ability to translate a clinical order into an appropriate math problem, 

computational ability to obtain the correct numeric and unit answer, and technical ability 

to correctly select and use a measuring device (such as injection syringe) or IV 

technology if needed. Calculator use could fix the computational aspect of nurse 

numeracy, and should not be omitted in the clinic since the end goal is a correct dose for 

the patient. However, calculator availability does not address the conceptual aspect of 

nurse numeracy; and ideally, nurses would be equipped with confidence to solve a 

problem without the calculator, then confirm with a calculator, or likewise the ability to 

recognize error in a dosage already given, or to estimate in order to catch calculator input 

errors. Bliss-Holtz found in 1994 that on a drug dosage test with a passing set at 85%, 

among RNs tested, 54.9% among those denied a calculator passed, while 72.5% allowed 

a calculator passed. Clearly, calculator access helped but did not solve all problems, as 

21.7% made a grade of 90 or higher without a calculator, and still only 34.7% made a 

grade of 90 or higher even with a calculator (Bliss-Holtz, 1994). In multiple studies since 

then, presence of a calculator did not suffice to rescue scores. Jukes and Gilchrist 

permitted calculators no their 10-item drug dosage test for nursing students, with mean 



67 

 

vii 

 

scores of 60 resulting (Jukes & Gilchrist, 2006). In 2009 in the UK, on a 10-item online, 

multiple-choice test, nursing students attained a mean of 47% without a calculator 

(Coben, Hutton, Hodges, and Ogston-Tuck, 2009). While the instruments, populations, 

countries, and delivery modes vary, it is interpretable that while in a clinical context 

availability of a calculator to confirm doses is valuable, the calculator is not sufficient to 

substantiate the numeracy deficit. Plus, ideally nurses could, again estimate correct 

outcomes, or recognize incorrect ones, without a calculator, that being a confirmatory 

tool, such as having a colleague from whom to seek confirmation. 

 Implications at the RN program and profession development levels 

The data also suggest constitutive incorporation of the drug calculation skills 

throughout the formal nursing curriculum. The University of Texas Charles A. Dana 

Center Mathways for Nursing project, in consortium with the Texas Higher Education 

Coordinating Board (THECB), advocates Math 1342 Statistics as the only required 

quantitative course for nurses, including promotion of nurses through a bachelor degree 

program. Among 20 nursing schools in Texas participating, 18 stipulate a specific math 

requirement. Among these, 12 require Statistics, four require College Algebra and 

Statistics, one just requires College Algebra, and one requires Business Math. The other 

two of the 20 schools do not stipulate a specific math course; options include College 

Algebra, Contemporary Math, or Business Math to meet core requirements. This UT 

Dana brief upholds the THECB acknowledgement of Oregon as the model state for 

nursing curriculum; Oregon solely requires Statistics as a math courses. However, the 

same UT brief notes that science courses requiring ratio and proportional reasoning may 
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have other math prerequisites, such as College Algebra, for the science class. The skills 

here evaluated are either general math skills chiefly taught in Texas middle school TEKS, 

or math that would be used in a Chemistry, Physics, or specifically Pharmacology class. 

It may be that the expectation is for these skills to be taught in the context of a science 

requirement, such as Pharmacology or Chemistry, rather than being listed as a math 

requirement (The Charles A. Dana Center, 2014). In addition to high school numeracy 

training, and training within the formal RN program, professional development could be 

offered to target maintenance of these skills. 

The data suggest value in constitutive incorporation of drug calculation skills 

throughout the formal nursing curriculum. For intervention within the nursing program, 

the following sequence of topics in a pharmacology tutorial, or sessions to accompany a 

medication administration class, could occur: 

1) Review of whole number, decimal, and fraction operations 

2) Conversion between fraction, decimal, and percent 

3) Interpreting correct proportion equations from given information, and solving 

4) Use of dimensional analysis to convert units within or between measurement systems 

5) Use of multi-step dimensional analysis to calculate drug dosage or IV flow rate 

This list mirrors the list of numeracy skills expected for nurses as provided in the 

introduction (McAlister & Shapiro, 2004). It is advisable that teaching and testing of 

these skills occur without a calculator. Follow-up verification with a calculator later has 
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value for checking, as does willingness to seek confirmation from a colleague at a clinical 

context. However, training and testing initially without the calculator is advised to 

inculcate understanding of process, to build confidence, and to increase ability to 

recognize error, as well as to interpret correct outcomes. 

The need for nurses is high, and this could pose temptation for a program to 

expand ranks of incoming students with consequently lower admission criteria due to 

high demand. However, the present data suggest raising admission criteria may give an 

edge over semesters of learning within the program. Prerequisites for the nursing 

program include Anatomy and Physiology, as well as general core subjects such as 

English and Intermediate College Algebra or other core math classes, Psychology, and 

Biology. Progress in these courses, as gauged by applicant GPA, and HESI scores, could 

be chief indicators. As of 2014, admission standards request a 3.00 GPA, and either 

TEAS scores of 64% each on Reading, English and Language Usage, Math, and Science, 

or HESI scores of 75% on Math, Grammar, Reading, and Anatomy and Physiology 

(Houston Community College, 2014). In contrast, currently admission standards are more 

restrictive. TEAS testing is no longer an alternate score set accepted in place of HESI 

scores.  HESI score requirements rose from 75% to 80% on the Math, Grammar, 

Reading, and Anatomy sections. Additionally, students must pass an extra component, 

Critical Thinking, with a score of at least 800 (Houston Community College, 2016). 

Further, longitudinal studies could be beneficial to determine utility of these various 

admission criteria in relation to end NCLEX outcomes. 
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Future Directions for Research: 

The present data were collected under testing conditions of no calculator and no 

conversion aid. Further studies clarifying what contribution these specific elements might 

make in leading to correct answers would help to elucidate target learning areas. 

Additionally, longitudinal research tracking skill maintenance, or ideally improvement, 

over time as initially licensed RNs continue to practice in the workplace, or advance in 

educational degree, would be useful. Data assessing change in drug dosage skills over 

time would be useful for informing professional development. Thirdly, broad or national 

data across associate degree programs, comparing admission criteria, population enrolled, 

and total registration with numeracy skill outcomes, would be useful to inform educator 

planning. 

Summary 

Nurse numeracy, especially in medication administration, is a critical part of 

patient care. Due to published gaps in expected and observed nurse numeracy skills, the 

present study investigated locally what numeracy skills existed among community 

college RN students. Results showed that skills requiring decimal or percent use, 

proportions or dimensional analysis, and multi-step unit conversion were most in need of 

support. Results also showed that first semester students admitted under stricter 

admission criteria performed better in all numeracy categories than their peers who were 

later in the program and had already completed the medication administration training. 

These data suggest a need to increase teaching of proportion or dimensional analysis 
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prior to the RN program, emphasis on maintaining these skills throughout the program 

and professional development, and especial attention to rigorous admission standards.
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APPENDIX D 

Frequency distribution of test scores earned by RN students 
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APPENDIX E 

Contrasting possible steps for items 9 and 10 
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