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Abstract
Studies suggest that many nursing students are deficient in the skills
necessary to calculate drug dosages accurately and therefore their ability to
adoninister medications safely becomes questionable. Students are admitted to
nursing programs after having met specific admission criteria which are intended to
identify applicants with the greatest potential to succeed. However, research that
addresses the relationships between admission criteria and calculation ability of
nursing students is limited. Therefore, the purpose of this study was to examine the
relationships between demographic characteristics and admission criteria of the
University of Manitoba Baccalaureate Program in Nursing and calculation ability of

nursing students. The theoretical framework used to guide this study was provided
by Higgs (1984). A descriptive correlational design was used to examine the
relationships among variables. The sample consisted of 33 second-year nursing
students attending the Baccalaureate in Nursing Program in 1995-1996. Data were
coiiected by using a Demographic and Academic Status Questionnaire and
Mathematics and Drug Cdculation Test. Although no signifiant correlations were
found between demographic characteristics and Calculation scores, statisticaliy
significant relationships were found between students'pre-nursing Mathematics

grades and GPA and Calculation scores. Knowledge gained from this study may be
useful to admission cornmittees and facuity working with students who are having
difficulty in the drug calculation and practice component of nursing programs.

Chapter One: introduction
1.0 Background to the Study

"Nurses have an ethicai and legal responsibility for the safe administration of
medications" (Chenger, Conklin, Hirst, Reimer, & Watson, 1988, p.17). However,
compared with physicians and pharmacists, nurses who administer medications
have been found to commit the greatest percentage of medication errors in the
clinical setting (Allan & Barker, 1990; Becker, Johnson,& Longe, 1978;Bolan, Laurie,
& Broome, 1986; Edgar, Lee, & Cousins, 1994; Hassall & Daniels, 1983;Taylor &

Gaucher, 1986). Clthers add that dosage caldation errors by practising nurses are

one of the most cornmon causes of medication errors in the clinicai setting (Calliari,
1995; Graham & McMahon, 1989; Long & Johnson, 1981; McGovern, M%).

AIthough accurate caiculation of medication dosages is an integral part of safe
nursing practice, it has been found repeatedly that nurses have demonstrated
difficuity with this skill (Man & Barker, 1990;Barker & McConneU, 1962; Bayne &
Bindler, 1988; Bindler & Bayne, 1991;Miss - Holtz, 1994;Calliari, 1995; Conklin,
MacFarland, Kinnie-Steeves, & Chenger, 1990; Girotti, Garrick, Tierney, Chesnick, &
Brown, 1987;Graham & McMahon, 1989;Laverty, 1989; Perlstein, Callison, White,

Barnes, & Edwards, 1979;Segatore, Miller, & Webber, 1994; Worrell& Hodson,
1989).
In a study conducted by PerIstein, Callison, White, Barnes, and Edwards

(1979), it was found that miscaldation of h

g dosages committed by registered
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nurses caring for infants in an intensive care unit occurred at a rate of one in tweive
written calculations. Barker and McConnell(1962)noted that nurses rated as
excellent practitioners made dnig calculation errors at a rate of one in thirteen
without being aware of their errors- More recently, Bayne and Bindler (1988) report
that only 54%of nurses they studied attained 80%or more on a medication
calculation test. In a later study they f o n d that 43.6% of nurses tested scored lower

than 70% (Bindler & Bayne, 1991). Bliss - Holtz (1994) suggests nurses in her study
demonstrated difficulty with the most basic arithmetic operations in that 34.7%of
the sample attained 90% or better with the use of a calculator while only 21.7%
scored 90% or better without the aid of a calculator.
1s there a relationship between performance on calculation tests and

subsequent medication errors by practising nurses? Some researchers report that
scores on medication calculation tests are not good indicators of which nurses are
most lürely to commit medication errors (Anrig, Daly, Futrell, Robinson, Rubin, &

Weiss, 1987; Conti & Beare, 1988; Howards, 1987; Sullivan & Clarkson, 1982).
However, findings contrary to these have also been documented (Calliari, 1995),
leading to an unclear view of the relationship between calculation testing and actual
performance in the area of h g administration.
When investigating nurses with varyïng lengths of nursing experience, Conti

and Beare (1988) found that cdculation test scores did not vary as a function of
different lengths of nursing experience and that there was no sigxuficant association

between the performance on a mathematics/ d m g caldation test and subçequent
incidents of medication errors of wrong dosage. Yet, Calliari (1995)found that
nurses who failed a medication calculation test during orientation were more likely
to make medication errors when followed over a three year period, than nurses who
had passed the medication test. Therefore, further research in this area would be
helpful in clarifying the value of using written calculation test scores to predict
performance in the clinical setting. Akhough examining the relationship just
described is not within the scope of this study, it is helpful to have an understanding
of the work in this area so that recommendations arising from this study rnay be
placed into a broader practical context for nursing practice.
It is assumed that nurses acquire the knowledge and skills necessary to
perform drug calculations correctly in their basic nursing education program
(Calliari, 1995; Chenger, Conklin, Hirst, Reimer, & Watson, 1988; Worrell& Hodson,
1989). However, this assumption becomes questionable in view of the findings
related to the inadequate caldation ability and commission of medication errors by
practising nurses. That is, it is possible that nurses who are unable to demonstrate

the fundamental competency of dnig dosage calculation completed their basic
nursing program without having mastered this vital skill. Furthennore, if practising

nurses have difficulty performing math calculations, nursing students may also find
such exercises difficult.
Between 1979 and 1982, Bindler and Bayne (1984) tested over 700
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baccalaureate nursing students and report that 38% failed to achieve the 70%pass
grade on a seventh-grade mathematics proficiency test. Similarly, Blais and Bath
(1992) fowid that of 66 nursing students, only 7%obtained a passing score of 90% on
a medication dosage calculafion exam. Several other studies also suggest that many
nursing students are deficient in the skills necessary to calculate dmg dosages
accurately (Chenger, Conklin, Hirst, Reimer, & Watson, 1988; Gillham & Chu, 1995;

McCann-Fïynn & Moore, 1990; Ptaszynski & Silver, 1981; Segatore, Edge, & Miller,
1993; Worrell & Hodson, 1989).
It is believed widely that American students entering nursing prograrns

possess weak mathematical skiils upon admission (Blais & Bath, 1992; McCann-

F'lynn & Moore, 1990; Ptaszynski & Silver, 1981; Segatore, Edge, & Miller, 1993;

Timpke & Janney, 1982; Worrell & Hodson, 1989). Declinhg national Scholastic
Aptitude Test (SAT)math scores (Calliari, 1995), declining American College Test
(ACT) math scores (Munday & Hoyt, 1965), lower enrollments in non-required high

school and college math courses (Sherman & Fennema, 1977), and parental
satisfaction with relatively low mathematics achievement in high school (Stevenson,
Chen, & Lee, 2993) over the past three decades have been cited as contributhg to
reduced leveis of math preparedness of students entering American nursing
prograrns.

In Canada, the perception that high schoois were promoting more marginal
students than previously was exarnined by the Newfoundland Task Force on

Mathematics and Science Education in the late 1980's (Crocker, 1989). This task

group documented high failure rates in entry-level university mathematics courses
and found that pass rates in mathematics had fallen from 75% in the early 1980's to

less than 50% in 1987. They concluded that many students, therefore, were entering
university with idiated marks and an innocent, but faIse, sense of security about
their mathematics cornpetencies.

In 1992, the Economic Council of Canada reported that 36%of Canadian high
school graduates could not perform simple numerical operations needed to meet
everyday demands. They also documented that over 44% of persons between 16

and 24 years of age who had completed at least nine years of schooling were
considered functionally innumerate (Economic Council of Canada, 1992). Just
recently, phase one results of the Third International Mathematics and Science

Study were released (Beller & Gahi, 1996). Beginning in 1991, this study surveyed
approximately 150,000 grades seven and eight students representing more than 40
countries aaoss the world. Although Canadian students were reported to have
scored "above average", that is, 4% higher than the international mean in
mathematics, the average score in this subject was only 59%. Unfortunately,
Manitoba did not produce a large enough sarnple to enter into the inter-provincial
cornparisons and therefore it is difficult to detenriine how Manitoba students
performed in relation to the rest of Canada. It is possible the Canadian students

may now be in a position to complete their high school education and graduate
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(1991- 1996; grade 7 to grade 12). However, it is not known how much better
prepared they have become over the past four to five years. Therefore, as Segatore,
Edge, and Miller (1993) point out, faculty who expect provincial high school
graduates to have an acceptable level of mathematicai proficiency, "as successfui
completion of high school mathematics prerequisites supposedly means, may be

woefdly misguided" (p. 162).
1.1 Statement of the Problern

A subject of interest to nurse educators is student academic and clinical

success. A multitude of student nurse characteristics have been studied in an
attempt to find some relationship with success in nursing education prograrns.
Generally, nonacademic characteristics such as age, marital status, and learning
style have been found to correlate significantly with success measures (Nortridge,
Mayeux, Anderson, & Bell, 1992; Oliver, 1985; Safian-Rush & Belock, 1988; Yess,
1980). Significant relationships between success and academic characteristics such

as high school English, Mathematics, and Science grades, and pre-nursing university

grade point average, have also been reported (Felts, 1986;Oliver, 1985;Weinstein,
Brown, & Wahlstrom, 1980; Yess, 1980; Wold & Worth, 1990). While many studies
suggest that a relationship e>cists between several student nurse characteristics and
success in a nursing program, there is a paucity of research which addresses the link
behveen these characteristics and calculation competency as a component of success

in nursing education.

Students are admitted to nursing programs after having met specific
admission criteria which are intended to identify applicants with the greatest
potential to succeed. The research examinuig the association between particular
admission criteria and overail achievement and success in nursing education is
abundant (Aldag & Rose, 1983; Alichnie & Bellucci, 1981; Men, Higgs, & Hoiloway,
1988; Baker, 1975; Burgess & Duffy, 1969; Chacko & Huba, 1991; Clemence & Brink,
1978; Munday & Hoyt, 1965; Payne & Duffy, 1986; Poorrnan & Martin, 1992;

Richards, 1977; Safian-Rush & Belock, 1988). However, studies addressing the
relationships between admission criteria and calculation ability of nursing students
as a component of nursing practice are limited (Chenger, Conklin, Hirst, Reimer, &

Watson, 1988; Dexter & Applegate, 1980; McCann-Flynn & Moore, 2990; Segatore,
Edge, & Miller, 1993).
Predictors of nufsing students' math performance as an area of study has
lirnited representation in the literature. Dexter and Applegate (1980) found an

inverse relationship between age of nursing students and math test grades,
suggesting that older shidents tended to possess weaker calculation skills than their
younger dassmates. McCann-F'lynn and Moore's research (1990),however, did not
support this finding.
Another study reports that academic achievement in high school is predictivc
of mathematical performance in nursing school (Chenger, Conklin, Hirst, Reimer, &
Watson, 1988). Segatore, Edge, and Miller (1993)correlated seven separate

characteristics, including age, sex, and high school average, with h g calculation
scores and found no significant associations. Overall, the work in this area is limited
and offers inconclusive results.
The ability to calculate and administer medications safely is a fundamental
nursing responsibility which nursing students should master prior to graduation in
order to practise safely. Nursing students who do not dernonstrate these skiils often
find themselves in jeopardy at some point in their program. Faculty often expend
substantial effort tutoring and supervising students having difficuity; the result is
either successful remediation or eventual withdrawal of the student from the
program. In some cases, however, students will progress through the program and
graduate with deficient calculation skilis that have been inadequately addressed for
a variety of reasons. These graduates, therefore, go on to practise nursing at a
greater risk of comrnitting medication errors which can cause varying degrees of

harm to the patients in their care.
An understanding of the relationships betweer. admission criteria and the

ability of nursing students to perform drug calculation skiUs correctly would be
helpful. This information could be used by nursing programs in setting valid
admission standards that would predict success in this component of the nursing
program. Applicants could be selected with these criteria in mind, and early
detection of students Iikely to experience difficulty could be made. Time, effort, and
financial costs to students and nursing programs codd De spared if such problems

could be managed early in the educational process.
Despite declining applications to nursing programs (Gothler & Rosenfeld,
1986; Griffiths,Bevil, O'Connor, & Wieland, 1995; Redman & Pillar, 1986),the

profession needs to remain comrnitted to accepting and graduating o d y those
students who are the best quali€ied and capable of fuifiiüng the demanding and

expanding responsibilities of the nurse. Therefore, identifying factors tha t predict
which nursing students are most likely to have difficulty mastering the ski11 of

medication calculations becomes an important endeavour.
1.2 Purpose of the Study

The purpose of this descriptive correlational study was to examine the
admission criteria of the University of Manitoba (U of M) Baccalaureate in Nursing
Program and selected demographic factors in relation to the calcdation abilities of
nursing students enrolled in this program. The intent was to identify which
acadernic and nonacademic factors may be used to determine which nursing
students are more likely to have difficulty demonstrating mathematics and dmg
dosage calcdation competencies.
1.3 Research Questions

The research questions guiding this study were:
1. What is the relationship between demographic characteristics (site, age,

marital status, years since high school graduation, location of hi& school
attendance, type of student, previous education, and attaixunent of other
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mathernatics-related courses) and calculation abiüty of second year baccalaureate
nursing students?
2. What is the relationship between acadernic stahis, related to the admission

criteria of the University of Manitoba Baccalaureate in Nursing Program (preentrance Mathematics grade, pre-entrance Science grade, pre-entrance English

grade, and university grade point average), and calculation ability of second year
baccalaureate nursing students?
1.4 Definition of Terms

Definitions for the fdowing terms as identified in the research questions

appear in Appendix A:
1. Site of Nursing Program Attendance
2. Age

3. MaritdStatus
4. Number of Years Since High School Graduation

5. Location of High Schaol Attendance
6. Type of Student

7. Previous Education
8. A ttainment of Other Mathematics-Related Courses

9. Pre-entrance Mathematics Grade
10. Pre-entrance English Grade
11 Pre-entrance Science Grade

12. University Grade Point Average
13. Calculation Ability
14. Baccalamate Nursing Students

1.5 Conceptual Framework

The Model for the Study of Prediction of Success in Nursing Education and

Nursing Practice (Model) (Higgs, 1984)and a review of the literature provided the
framework for selecting the variables examined in th& study. The Model provides
direction for evaluating factors which exist prior to nursing, within the nursing
curriculum, and during transition into practice. The Higgs Model was first
developed and used in the early 1970'swhen the Intercollegiate Centre for Nursing
Education IICNE) undertook an evaluation of its admission policies and proceduresThe purpose of the evaluation was to identify the predictiveness of the existing

admission criteria at that time and make recornmendations for future change. Ln
1984, Higgs refined, applied in a research study, and published the Model as it had

evolved over the previous decade. It is in this printing that the Model is explained
and the intent for its use in guiding future research is proposed. Since this time, the
Model has been used as a guiding framework for studies related to predicting
student nurse progress and success in undergraduate nursing programs (Allen,
Higgs, & Holloway, 1988; Brennan, Best, & Sm&, 1996).
Variables in the Model are categorized as pre-nming major, nursing major,
and pst-graduation, to establish a succession of events. Both academic and
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nonacademic variables are considered within the three categories. Prenursing major
variables encompass those factors which are considered during the admission
process to a nursing program and may include the following five areas: (a)
intellectual ability/aptitude, (b) scholastic performance, (c)demographic, (d)
personal/personality, and (el sociological - situational/interactionai. Nursing major
variables are those factors rneasured at different points throughout the nursing
program that identify the degree of success demonstrated by the student nurse.
These variables are organized into the following five areas: (a) progression completion/attrition, Ib) level of achievenient, (c) performance/cIinical behaviours,
(d) NLN exam scores, and (el organizational variables. Post-graduation variables
are rneasured after completion of a nursing program and involve measures of
success in terms of: (a) career performance/advancement/satisfaction, (b) aptitude
test scores, (cl scholastic progression, (d) state board test scores, and (e)
organizational variables in the worlcplace.
From the v a t selection of variables identified in the Model, Higgs (1984)
encourages investigators to select the categories and variables of interest to them.
Future studies have the flexiiility to explore the existence of various relationships
within the Mode1 and descrii the findings within the context of previous research.

Each investigator's use of the Model is therefore presumed to be unique, yet
contributory to the overall understanding of predictors and measures of success in
nursing education and practice (Higgs, 1984).
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The Model by Higgs (1984) was helpful for this study. The demographic
factors and admission criteria currently used by the University of Manitoba
Baccalaureate in Nursing Program, as predictor variabIes, fit conceptually within the
prenursing major category of the Model in the scholastic performance and
demographic areas. Although the caculation ability of nursing students was
admittedly a narrow measure of success, this criterion or outcome variable was
conceptualized within the nursing major category as a clinical performance
behaviour or component of achievement in generai. Therefore, the dimensions of
the Model that guided this study were the prenursing major and nursing major
categories and the accompanying supportive research in these areas. The remaining
variables and post-graduation category of the Model were net examined.
Since the variables under investigation in this study were only a srnall part of
the what the Model describes, the concIusions arising from this study were limited.
Another consideration was the difference in operational definitions for the variables
used in this study in cornparison to those outlined in the Model (Wggs, 1984).
However, the investigator believed the use of particular definitions was appropriate
in order to make the findings of this study relevant to the nursing program in which
the students were enrolled.
1.6 Summary of Chapter

Research addressing the relationships between academic and nonacademic

criteria, typically used as admission criteria, and calculation abfities of nursing

students is strikingly lacking in the üterature. Findings related to the predictive

power of admission criteria are inconclusive and based on research with significant
methodological limitationswhidi will be elaborated upon in the following chapter.
Finding consistency and conpency in the literature is a difficult task. While
it is clear that many student nurses do not possess the calculation skills necessary to

practice safely, it is not so clear how to discriminate which students are lücely to
succeed or faü in thiç area of cornpetence before difialties arise. Admissions
committees have the responsibility to select studentswith the greatest potential to
excel in nwsing, of which calculating and administering drugs safely is a critical

component. Faculty members and students would also benefit from the knowledge
gauied by examining predictors of this vital skill.

The detection of students k e l y to

experience difficulty could be made early and the appropriate remediation could be

put in place to assist those at risk for academic or clinical jeopardy.

Chapter Two: Review of the Literature
2.0 Introduction

An important component of safe administration of medication in the cihicai

area is the ability to calcuiate drug dosages accurately. Therefore, it is important to
identify factors that predict the calculation ability of nwsing students. Students
who cannot demonstrate calculation competency should be identified early in the
nursing program so they may be assisted to develop this critical skill.
A review of the literature reveals that studies have been conducted over the

last three decades in areas that are pertinent to the research questions identified for
this study. This literature review addresses the major areas of study:(a) calculation

skills, Cb) predictors of success, (cl factors influencing calculation ability, and (d)
predictors of nursing skidents' mathematics performance. Studies done in the
disciplines of Education and Psychology have examined factors influencing the
development of mathematical skills of students and, therefore, provide insight into
how student nurses may develop these sarne skills. Drug calculation skiils of
pharmacists and predictors of success in the allied health professions and in
medicine also have b e n explored. Therefore, selective research from the areas of
Psychology, Education, Medicine, Pharmacy, and Allied Health literature, in
addition to Nursing, arc included in order to provide support for this study.
2.1 Caldation Skills

Studies that have examined calculation abihties have primarily addressed the
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frequency and nature of calculation errors made by nurses and student nurses
(Bindler & Bayne, 1984; Blais & Bath, 1992; Chenger, Conklin, Hirst, Reimer, &
Watson, 1988; Segatore, Edge, & m e r , 1993; Worreli & Hodson, 1989). While these
investigations contribute to the understanding of calculation abilities of nurses and
student nurses, methodological aspects of these studies Vary widely. Therefore, an
anaiysis of the similarities and ciifferencesof the rnethods used WU provide the
framework for the review of work in this area.
Diversity in inçtruxnent designs and their implementation in various studies
are noteworthy. The use of different acceptable passing grade levels leads to
different interpretations of success in mathematics and drug calculation SW
(Bindler & Bayne, 1984; Chenger et al., 1988; Segatore et al., 1993). Some
instruments tested basic mathematical skilis (Bindler & Bayne, 1984; Chenger et al.,
1988; Ptaszynski & Silver, 2981), while others tested more advanced d m g calculation

abilities (Bindler & Bayne, 1984; Blais & Bath, 1992; Segatore et ai., 1993). The
number of items on the mathematicai and drug caiculation tests were not ccnsistent
and therefore the ability to compare competencies based on greater or fewer test
items becomes complicated (Blais & Bath, 1992; Segatore, Edge, & Miller, 1993).
Tests were administered over v;uying lengths of time and so it is difficult to
compare the students' scores within the context of time pressure to complete the test
(Bindler & Bayne, 1984; Segatore, Edge, & Miller, 1993).
Small convenience samples were used in the majority of the studies @lais &
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Bath, 1992; Segatore, Edge, & Miller, 1993; Timpke & Janney, 1981),Iimiting the

strength of the statisticd procedures and particularly the abiüty to detect small
si@cant

differences in the scores of the sample groups. Convenience samples,

although appropriate for these types of descriptive investigations, conhibute to the

inabiüty to generalize the findings to populations beyond the scope of samples used
in the studies. The heterogeneous nature of the different samples (i.e., diplorna,

baccalaureate, associate degree, sophomore, first year, and exïting nursuig students),
makes it difficult to compare findings and identify patterns in competency levels
(Bindler & Bayne, 1984; Chenger, Conklin, Hirçt, Reimer, & Watson, 1988; Worrell&
Hodson, 1989). However, these differences may be viewed as a strength, in that

sitnilar findings resulted across diverse groups, lending support to the belief that
inadequate caldation sküls of nurses and student nurses are a multidimensional
problem.
Generdy speaking, the statistical procedures and descriptive research
designs employed in the following studies are relatively similar and appropriate for

the type of investigations conducted (Brink & Wood, 1989). However,
inconsistencies and limitations in specific aspects of the designs w d make
generalization of the findings difficult. Despite some of these difflculties, valuable
information can be gleaned fkom the folIowing studies in order to provide a
foundation of understanding in the area of calculation abilities of nurses and
student nurses.

Calculation Skills of Nurses.

Although accurate calculation of medication dosages is an integral part of
safe nursing practice, it has been found repeatedly that nurses have demonstrated

difficulty with this skül. In a study conducted by Perlstein, Callison, White, Barnes,

and Edwards (1979),it was found that miscalculation of d m g dosages committed by
Registered Nurses caring for infants in a neonatal intensive unit occurred at a rate of
one in Welve written calculations. These potential errors would have resulted in

doses ten times greater or lesser than the prescribed dose in 56%of their errors.
Barker and McConnell(1962) noted that nurses rated as excellent

practitioners made dtug calculation errors at a rate of one in thirteen without being
aware of their errors. A study conducted in a Canadian Intensive Care Unit showed
that drug dosage errors by nurses accounted for 12.7%of the total number of errors
reported (Girotti, Garrick, Tierney, Chesnick, 6r Brown, 1987). In this study,
however, the method of chart review utilized to gather data on h

g errors could be

considered unreliable since it was possible that nurses may have calculated and
administered the wrong dosage of dmg, yet have recorded the dmg as being aven
according to the physician's otder. Several other studies have shown that dosage

calculation errors by nurses are one of the most common causes of medication errors
in the clinical setting (Allan & Barker, 1990; Calliari, 1995; Conklin, MacFatland,

Kinnie-Steeves,& Chenger, 1990; Graham & McMahon, 1989; Long & Johnson, 1981;
McGovern, 1986; Segatore, Miller, & Webber, 1994; Worrell& Hodson, 1989).
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More recently, the work by Bindler and Bayne (1984; 1991; Bayne & Bindler,
1988) has contniuted signiiïcantly to the understanding of the issue swrounding

inadequate calculalion skilis of practising nurses. Since 1979 these investigators
have studied the calcdation ski& of student and practising nurses and have found
that both groups possess weak mathematical and drug calculation abilities. In
Bayne and Bindler's (1988) study of practising nurses, a convenience sample of 62

nurses was tested. It was found ihat only 35%attained a score of 90% or better on a
medication caldation exam.
in a later study, a convenience sample of 110 Registered Nurses from four

western US.States were tested (Bindler & Bayne, 1992)- Only 19% of the nurses
were able to achieve the 90% mastery leveI in drug computation. Overd, 43.6% of
the nurses in this study scored lower than 70%.Aithough the group of consecutive
studies by Bindler and Bayne have limitations in generalizability due to relatively
small convenience samples, they are useful in showing that different groups of
nurses have demonstrated weak d m g cdculation skiils over a period of time. One

m a y assume that if experienced nurses have difficulty performing math calculations,
students may also find such exercises difficuit.

It is not surprishg that nurses are responsible for the greatest percentage of
drug errors since nurses administer the vast majority of medications (Conlelin,

MacFarland, Kinnie-Steeves, & Chenger, 1990; Segatore, Miller, & Webber, 1994).
Next in frequency to nurses, physicians and pharmacists are also ofien responsible
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for the administration and dispensing of medications to patients. An understanding
of the calculation abilities of these professional groups is helpful in terrns of
understanding the prevalence of enors committed by nurses in contrast to other
groups. A review of the medical literature did not uncover any literature describing
the mathematical abilities of physicians or the degree to which physicians commit
caiculation-based medication errors.
However, a review of the pharmacy literature revealed that medication
errors based on incorrect dosage calculations (dthough at a much lower incidence

than by nurses), have been committed by pharmacists (Becker, Johnson, & Longe,
1978; Hassall & Daniels, 1983; Hoffman, Bartt, & Berlin, 1984; Mayo, Kitchens, &
Reese, 1975; Taylor & Gaucher, 1986). "Medication errors are typically viewed as
being related to h g administration, whereas disperising errors are mistakes made
by pharmacy staff when distributhg medications to nursing units or directly to
patients in an ambulatory-care pharmacy" (Allan & Barker, 1990, p.558). Bolan,
Laurie, and Broome (1986) reported that a pharmacisi made a calculation error
when preparing rifampin suspension (anti-tuberculosis agent which causes body
fluids to hunorange); the result was that 19 children had one or more adverse
effects, including red-man syndrome.
Clearly, the calculation skills of nurses have k e n studied the most widely in
this area. When compared to other professional groups, such as pharmacists, the
greater degree of responsibility for the d e administration of medications on the

part of the nurse is highlighted.
Caldation Skills of Nursing Students.
fa) Passine Level

It has b e n found widely that students in nursing programs possess weak

basic mathematical skills and may also be deficient in more complex conceptual

skills related to mathematical concepts (Bindler & Bayne, 1984;Blais & Bath, 1992;
Chenger, Conklin, Hirst, Reimer, & Watson, 1988; Segatore, Edge, & Miller, 1993).
Studies that exarnined the calculaaon skiUs of nursing students have primarily
addressed the rates of failure to achieve a passing grade on a mathematical or drug
calculation test and the nature of calculation errors made by distinct student nurse
groups @lais& Bath, 1992; Segatore, Edge, & Miller, 1993).
The majority of studies used a passing grade of 85%or above, presumably

based on the assumption that the skillç being tested were basic in nature (Bindler &
Bayne, 1984),and that it was necessary to demand a high passing score given the
severity of potential consequences of inaccurate calculations in an actual situation
(Perlstein, Callison, White, Barnes, & Edwards, 1979). Making comparisons in

achievement levels is diffïcult, however, because passing grades across studies
varied between 70%(Bindler & Bayne, 1984) and 90% (Biais & Bath, 1992; Chenger,
Conklin, Hirst, Reimer, & Watson, 1988). Despite the incongruencies in p a s h g
grades, it was noted in several studies that between 38%Poindler & Bayne, 1984)
and 93%(Blais & Bath, 1992) of the students tested were unable to achieve a passing
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grade. Undoubtedly, differences in the percentage of students able to pass were
related to the passing grade.

>

Test Content

Mishel(1989) suggests that the type of question on an instrument or test is
important in understanding what is being measured. When testing calculation
skills, it is important to have an understanding of what skills are being evaluated in
order to make fair judgements about competency. Some studies have used tests
which have examined advanced, probIem-oriented drug calculation skills, while
others have designed instruments which test only fundamental mathematical
operations (Blais & Bath, 1992; Ptaszynski & Silver, 1981; Segatore, Edge, & Miller,
1993). Both approaches to testing nursing students' calculation cornpetencies are
vaiid since they are skills that are closely related in the actud practice of calculating
drug dosages.

In studies that used tests to examine advanced, problem-oriented drug
calcuiation skills, calcdation errors were often classified as mathematical,
measurement, or conceptual in nature (BIais & Bath, 1992; Segatore, Edge, & Miller,
1993). Mathematical errors were those that resulted from the inability to apply the
d e s of addition, subtraction, multiplication, division, and manipulation of decimals
and fractions. Measurement errors comprised those operations which required
metric conversions. Conceptual errors were classified as those which resulted from
the incorrect set up of calculation formulas and use of the wrong form of drug, for

instance, using millilitres versus milligrams.
Descriptive statistics showed that conceptual errors occurred the most
frequently on tests that examined advanced drug dosage calculations (Blais & Bath,
1992; Segatore, Edge, & Miller, 1993). Knowing the type of error committed most

frequently is helpful because many calculations that students and nurses perforrn in
the clinical area require complex problem solving abilities.
In a study of 145 exiting senior nursing students, it was found that 43% were

unable to achieve a passing grade of 90% on a calculation test which was designed
to examine problem-solving abilities of students about to graduate (Chenger,

Conklin, Hirst, Reirner, & Watson, 1988). A review of the calculation test revealed
that there were 15 fewer problem-solving questions than non-problem solving
questions. It was likely that the unbalanced structure of the test did not allow
students a fair opportunity to demonstrate their problem-solving skills. The content

validity of the instrument used in this study, therefore, was less than adequate to
measure the intended ski& under investigation (Nunnally, 1978).
It becomes apparent that when testing particular skills of student nurse
groups, the content validity of the items on the tool one uses must be established
prior to ifs implementation. Equally important is the understanding that, when
comparing passing and faiüng rates of student groups, one must know exactly
which skills have been tested.
Fundamental mathematical skills of nursing students have been studied by

several investigators (Bindler & Bayne, 1984; Chenger, Conklin, Hirst, Reimer, &
Watson, 1988; Ptaszynski & Silver, 1981). These studies have contributed
significantly to enhancing the m e n t knowledge in the area of mathematical skills
of nursing students. Prior to conducting their studies with practising nurses (Bayne
& Bindler, 1988; Bindler & Bayne, 1991),Bindler and Bayne (1984) studied a total of

741 junior level nursing students attending the Intercoilegiate Centre for Nursing

Education in Spokane, Washington. Data collection took place between 1979 and
1982. In 1979 to 1980,five samples were tested, ranging in size from 60 to 117
students per sample. It was found that within this total group of 459 students,
18.3%were unable to achieve a passing grade of 70%. In 1981 through 1982, the
remaining 282 students were tested in three samples ranging in size from 82 to 101
students. Within this latter group of 282 students, 33.7%of the students were
unable to achieve a passing grade of 80%on a mathematical test (Bindler & Bâyne,
1984).

These findings are signrficant to the extent that several samples of students at
the same level of a nursing program were tested over a three year period, and
consistently demonstrated the inability to achieve a passing grade on a test that
examined basic mathematical skills. The ongoing work by Bindler and Bayne is
particularly helpful because it shows that the issue of inadequate calculation abilities
of student nurses and nurses not only dates back several years, but that the concern
still exists today (Bindler & Bayne, 1991). The evolution of their work over tirne is

also important because with each study, more knowledge is gained in
understanding the dimensions and magnitude of the problem with calculation
abilities of students and nurses.
In a study conducted by Chenger, Conklin, Hirst, Reimer, and Watson (1988),

210 entering junior nursing students were tested for their basic mathematical
abilities. From this group, 61% of the students were unable to achieve the passing
grade of 90%. Cornparisons between this study and the previous one by Bindler

and Bayne (1984) are difficult, however, because of the large difference in passing
grades. Nonetheless, both studies contribute to the understanding of the inadequate
mathematical skills of nursing students by their use of relatively large samples of

students who were at the same level in a nursing program.

In a unique study by Worrell and Hodson (1989),223 nursing prograrns
across the United States were surveyed with regard to faculty knowledge of student

nurse deficiencies in basic mathematical concepts required to calculate drug
dosages. Faculties from the programs completed a Posology Data Form designed to
collect data that would identify student nurse mathematical abilities. The authon
(Worrelldr Hodson, 1989) reported that 83%of the programs whidi participated in
the study stated that 31%or more of their students were deficient in basic

mathematical ski&. Limitations to this study (WorreU & Hodson, 1989) are noted.
Details were not provided as to how student nurse deficiencies in mathematics were
determined by these faculty members. It is not clear if objective or subjective data
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were used to report competency rates. Therefore, it c m be argued that the method

used to coiiect information about students' performance in this study is
questionable.
[c)

Test Items

The number of items on the test also impacts on the students' potential to
dernonstrate competency. That is, the greater the number of questions, the more
opportunity there is for students to demonstrate their knowledge and skill.
Additionally, providing more questions on a test results in a smaller value for each
question in relation to the total number of possible correct answers, so that an
individual error does not carry as much weight as an error committed on a test with
fewer questions.
While the majority of studies do not report the number of questions included
on the mathematical or drug calculation tests used to test student nurses' skilIs
(Bindler & Bayne, 1984; Chenger et al., 1988; Ptaszynski & Silver, 1981; Timpke &

Janney, 1981), this information would be helpful in determining the potentiai for
students to achieve passing grades in terms of the number of errors aliowed. Blais
and Bath (1992) and Segatore, Edge, and Miller (1993) report the use of twenty and
ten test questions respectively. Nunnaiiy (1978) states that the more items used in

an instrument, the l e s chance there is for measurement error. It is suggested that 30
dichotomous items are usually required to obtain an internal consistency reliability

of .W.Fewer multipoint items are required to achieve the same level of reliability

Items on a mathematical test can be dichotomous (answer given is correct or
incorrect) or multipoint, as in the case of muitiplethoice questions. Therefore, one
could estimate that a multiple-choice mathematical test shouid consist of about 20 to
30 items, while a test requiring the student to provide the correct answer should

contain 30 or more items. It would appear then, that the use of ten and twenty
items (Blais & Bath, 1992; Segatore, Edge, & Miller, 1993) could be considered
insufficient to achieve an acceptable degree of interna1 reliability. Combining this
information with the fact that passing grades in these studies were 90% and 85%,
one would be chdenged to make comparative statements about the findings from
these studies. Clearly, these limitations make the findings from these studies less
useful.

Instrumentation Issues,
(.a) Reliabilitvd Validity

When using mathematical and drug caiculation tests to measure a
characteristic such as computational skills of nursing students, it is important to use
instruments that are reliable. That is, one must have confidence that the variance in
scores on an instrument is a measure of differences between subjects rather than as a
resuit of error in the measurement of the characteristic (Isaac & Michael, 1974). The
issue of instrument reliability requires discussion when one sees the diversity in
maturity and structure of the mathematicai and calculation tests implemented in

different studies (Blais & Bath, 1992; Chenger, Conklin, Hirst, Reimer, & Watson,
2988; Fulton & O'Neill, 1989; Segatore, Edge, & Miller, 1993; Worreil & Hodwn,
1989).

In every study, the tests used to measure mathematical or dmg calculation
skills of students were developed by the investigators at the time of the study (Bath
& Blais, 1993; Bindler & Bayne, 1984; Blais & Bath, 1992; Chenger et aI., 1988;

McCann-Flynn & Moore, 1990; Segatore, Edge, & Miller, 1993; Worreil& Hodson,
1989). Instruments that are "immature", or have had limited use, should

demonstrate a reliability coefficient of at least 0.70, while "mature" instruments, that
have had repeated use, should achieve a reliability of at least 0.80 (Nunnaliy, 1978).
Since most tools in the above studies are immature, the reliability coefficients
reported (Bath & Blais, 1993; Bayne & Bindler, 1988; Blais & Bath, 1992; Chenger et
al., 1988; McCann-Hynn & Moore, 19901, ranging from 0.82 to 0.92, suggest these
tools cm be considered reliable measures of the computational skills of nursing
students. One weakness among these studies, however, is the finding that every

study used a different tool. Therefore, the ability to develop a mature measurement
tool over time to enhance repeatability is limited.

It wouid have been helpful to find a tool that had been used in several studies

in order to obtain some measure of standardizationin testing. A major flaw of some
studies was noted in that the reliability values for the instruments used in testing

nursing students were not reported (Bindler & Bayne, 1984; Fulton & O'Neill, 1989;
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Segatore, Edge, & Miller, 1993; Worrell& Hodson, 1989). Therefore, one shodd be
cautious in concluding that the scores on these tests were an accurate reflection of
variance between students rather than a result of random error in measurement.
Another factor to consider when determinhg the value of an instrument is
whether measures have been taken to ensure content vaiidity. Content vaiidity
refers to an estimation of the adequacy with which the items on a tool accurately
measw the attribute it is intended to measure (Carmines & Zeller, 1979; Nunnally,
1978). There are acceptable techniques one can use to achieve content validity of an
instrument. One strategy is the use of content experts to evaluate the content of the
items for relevancy and fairness (Lynn, 1986). Pretesting an instrument with
subjects who are asked to make suggestions for tool improvement is also effective
(Fox & Ventura, 1983; Wolf, Putnam, Jameç, & Stiles, 1978).

Some investigators have used the strategies of pilot testing theù instrument
(Bayne & Bindler, 1988; Bindler & Bayne, 1984; McCann-nynn & Moore, 1990), and
enlisting the review of items by faculty members and mathematical content experts

(Bath & Blais, 1993; Blais & Bath, 1992; Chenger et al., 1988;McCann-Hynn & Moore,
1990). Therefore, one can be more confident that the instruments used by these
investigators were able to measure the characteristic of mathematics or d m g
calculation skills of nursing students in a valid manner.
Instruments have been developed by selecting test items from a workbook
(Segatore, Edge, & Miller, 1993) or nursing and pharmacology textbooks (Bayne &

Bindler, 1988; McCann-Flynn & Moore, 1990). A "standard mathematics test used
routinely" in a particular program had also been adrninistered (Fulton & O'Neill,
19891, yet there were no details describing to what "standard" the authors referred.
Chenger, Conklin, Hirst, Reimer, and Watson (1988) developed their calcdation test
by comparing items to the instrument developed by Bindler and Bindler (1984). in
these studies, l e s popular and acceptable steps were used to ensure that the items
on the tests were valid measures of h g calculation skills (Lynn,1986). Therefore, it

is difficult to know how usefulthese tests actudy were in measuring the attribute
they were intended to measure.
It should be noted, however, that some of these investigators used a
combination of acceptable and not acceptable techniques to establish content

validity (Bayne & Bindler, 1988; Chenger et al., 1988; McCann-Flynn & Moore, 1990)

-

Therefore, these tests could be considered somewhat more valid and accurate in
describing the calculation s W of nursing students and nurses than those tests not
subjected to the same rigor in ensuring validity.

In actual nursing practice, the calculation of h g dosages is often done unde:

the pressure of time constraints. Therefore, it is important to explore how studies
have addressed the issue of imposing time limits on the completion of test writhg.
The concept of tirne pressure becomes more complicated when one takes into
consideration the number and level of complexity of test items. Although no
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supporting evidence couid be found, it is the writer's experience that an average of
one and one-half to two minutes should be aiiowed for each question. In 0th
words, a student writing a test consisting of 20 questions should be allowed
between thirty and forty minutes to write the test. This guideline changes when the

questions Vary in type and level of comp1exity, makuig it difficult to detemine how
long one should be ailowed to write the test.
Bindler and Bayne (29&4)allowed nursing students two hours to write their
basic mathematics test, although the number of questions on the test was not

reported. Segatore, Edge, and Miller (1993) originally ailowed their students twenty
minutes to write a ten item drug dosage exam, but extended the time by fifteen
minutes when the students were unable to complete the test in the allotted twenty
minutes. Blais and Bath (1992) did not impose a t h e 1 i . tfor their students
writing a twenty item drug dosage exam.
Other studies that examined the calculation skills of nursing students did not
address the issue of imposing time limits on test wriüng (Chenger, Co*,

Est,

-

Reimer, & Watson, 1988; Ptaszynski & Silver, 1981; Timpke & Janney, 2981; Worrell
& Hodson, 1989). Clearly, there is a Iack of standardization in the implementation

of calculation tests among these studies.

The studies addressing the calculation skills of student nurses used
descriptive designs. The descriptive design is appropriate when the intent is to

describe the characteristics of a population as it elcists naturaily, without the
manipulation of variables (Brink& Wood, 1989). One of the most important
techniques to improve external validity in descriptive designs is to use randomly
selected, representative samples of sufficient size (Wood & Brink, 1989). The
determination of an adequate sample size for a sîudy is not an easy task. Brink and

Wood (1989) state that descriptive designs which use systematic and probability
sampling should attempt to obtain 10%of the total avaiiable population. However,
population parameters are often not available and probability sampling cannot be
used. it is suggested (Buckwalter & Maas, 1989; Polit & Hungler, 1991)that in
studies without probability samples, the desired sample size is dependent upon the
number and type of variables under study. Buchalter and Maas (1989) state that

twenty to thirty subjects per subdivision of the data (or each cell of a factorial
design) are recommended, with a minimum k i n g ten per group.
Descriptive designs that do not use a probability sample from a well-defined
population, and do not involve a number of variables, pose a special challenge to the
researcher in determining a sufficient smple size. Most of the research in this area
of study falls into this category. In order to examine the adequacy of the samples
used in these studies, samples of at least 75 subjects will be considered "sufficient"
for the purposes of these descriptive studies (J. Sloan, personal communication,

January25,1995). Therefore, when reviewing the literature in this area of shidy, an
important aspect to consider is the size and type of samples used to determine the

calculation abilities of nursing students.

S m d sample sizes of nursing students, including sizes of 66 (Blais & Bath,
1992),44 (Segatore, Edge, & Miller, 19931, and 28 (Timpke & Janney, 1981), have
been reported. In one study, the actual sample size was not reported at aU
(Ptaszynski & Silver, 1981). Although conclusions have been drawn by the
investigators of these studies, it is possible that the data generated from these small
samples wodd be insufficient for meaningful statistical analysis. Also, the findings
from these studies should not be generalized to students beyond the samples since
one cannot be sure that these samples were representative of a larger population.
Other studies have used larger samples and therefore are more helpful in

being able to suggest that the findings are representative of their sample population.
Chenger, Conklin, Hirst, Reimer, and Watson (1988)studied 210 entering juniors

and a separate 145exiting senior students in relation to mathematical and drug
calculation skills. Although the sample sizes in this study appear more reasonable,
the method by which the samples were obtained should be questioned.
Chenger, Conklin, Hirst, Reimer, and Watson (1988) acknowledged the
element of self-selectionbias in these samples since students were asked to
participate in the study at the same time the mathematics and drug test was placed

in front of them. The relationship of the investigators to the students was also
unclear and an element of coercion to participate may have been a factor.
Additionaiiy, test scores could have been influenced by this approach since some
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students may have fomd this situation anxiety-provoking. The integrity of this
study is therefore undermined by these factors.
Between 1979 and 1982, Bindler and S a p e (1984)tested a total of 741
baccalaureate nursing students. In 1979 to 1980, five samples were tested (n=&9),
ranging in size from 60 to 117students per sample. In 1981through 1982, the
remaining 282 students were tested in three samples, ranging in size from 82 to 101
students. From these eight composite samples, only one sample comprised 60
subjects, while the rest were greater than 82 nursing students. Therefore, these
samples could be considered suffiCient in size. Also, due to the testing of a large
number of similar students over a period of t h e , one can be more confident that the
overail findings have emerged from a representative sample.
Worreli and Hodson (1989)sweyed 221 baccalaureate, associate degree, and
diploma nursing programs in the United States regarding the calculation ski& of
nursing students. Their çample was obtained by using a randomized proportional
samphg approach in which staies were proportionaüy selected based on the
respective number of nursing programs. They then randomly selected programs
from within the states. Of the sample, 72 programs were baccalaureate, 95 were
associate degree, and 54 were diploma based. It is important to note that the

sample in this study (WorreU& Hocison, 2989) was number of programs, rather than
a defined number of nwsing students who attended these programs. It is unclear
how many students would have k e n involved if they had been the source of the
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data. While one may presume a large number of students would be involved in the

223 nursing programs surveyed, it is difficult to make cornparisons between this

study and others due to differences in sampling design.
With the exception of the study by Worreii and Hodson (1989),the majority
of the studies in this study area used a convenience type of sampiing plan. Because
probability sampling is often difficult, the use of convenience samples for
descriptive itwestigations is common in nursing research (Polit & Hungler, 1991).
When using a convenience sample approach, it is important to make the sample as
homogeneous as possible in order to reduce the risk of bias. One can define the
population in a way that variation resulting hom extraneous variables is reduced
(Polit & Hungler, 1991). By doing this, one enhances the amount of control of
intemenhg influences, but the ability to generalize findings beyond the scope of the
samples used in the study is iimited.
Samples used in the studies cited previously could be considered relatively
homogeneous in nature. That is, the nursing students comprising a particular
sample would a i l be from the same program or same class (baccalaweate versus
associate degree, and junior versus sophomore, for example). However, previous
education, age, attitude, and so on, could be considered as other unmeasured factors
that would have the potential to make a simple quite heterogeneous. Therefore, it
is not clear how the convenience samples used in these studies should be described,
and how far one should generalize the findings to "like"populations.
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The heterogeneous nature of the different samples used in the different
studies (diplorna, baccalaureate, associate degree, sophomore, first year, exiting

nursing students) makes it difficult to compare findings and identify patterns in
calculation competency levels of nursing students. However, these differences are

interesting to note since similar findings arose from a number of studies that used
diverse groups. This itself is a pattern that lends support to the assumption that

nursing students lack basic mathematical and dnig calculation skills, regardless of
the type of nursing program.

alculation Skills: Summuv.
The preceding review provides valuable insight into the nature of research on

mathematical and dmg dosage calculation skills of nursing students. The work by
Bindler and Bayne (19841, over the span of several years, was particulary useful due
to the use of adequate samples sizes and consistent findings over t h e .
Furthemore, the understanding gained from the review of this literature is useful to
this study because it highlights the signüicance of the problem and provides

direction to the writer in terms of research design. Methodologid aspects of the
studies were examined, revealing that many shidies were limited in their ability to
ensure reliabüity of the testing procedutes and determination of competency. The
ability to generalize findings was also lacking because of s m d convenience samples

used by a number of researdiers. Keeping in mind the limitations identifiecl, further
research in this area of shidy would be helpful.
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An abundance of research has examined predictors of overd success in a

nursing program. A review of the literature in this area is useful because the studies
provide direction in terms of research design and anaiysis. This literature is also

helpful since it reveals that a multitude of student nurse factors, both academic and
nonacademic, have been examined in relationship to success in a nursing program.
It may be assumed that if partidar student nurse characteristics are found to
correlate significantly with academic achievement, then perhaps similar

relationships exkt between these variables and calculation competency, as one
component of achievement in nursing education. Therefore, a review of the
literature demonstrating the most relevance to this study, in tems of student nurse
factors and success criteria, will be presented in the following section.
2.2 Predictors of Success

It is apparent that nurse educators have been attempthg to predict success in
nursing education for many years, as evidenced by the literature which spans three
decades (Aldag & Rose, 1983; Alichnie Q Belluce, 1981; Backman & Steinder, 1971;
Clemence dr Brink, 1978; Mueller & Lyman, 1969; Munday & Hoyt, 1965; Payne &
Duffy, 1986; Poorman & Martin, 1991;Wold & Worth, 1990). Most of the studies

were based on baccdaureate programs, many on associate degree programs, and
few on diploma nwsing programs situated in the United States. Only three studies
used a Canadian sample (Brennan, Best, & S m d , 1996; Jacono, Keehn, 6 Comgan,

1987; Weinstein, Brown, L Wahlstrom, 1979,1980). The abundance of research in

this area has examined a multitude of predictor variabIes in reIation to academic

achievement in nursing programs and success on licensure examinations.
Before discussing the research examining predictors of success, a note
regarding the literature uçing licensure examination success as a dependent variable

will provide some clarification for the following review. Only the literature that has
addressed the relationships between prenursing predictor variables and
achievement in a nursing program will be addressed, for two reasons. Fust, studies
using nursing licensure examination success as a dependent variable (namely, State
Board Examinations and the NCLEX-W (Aldag & Rose, 1983; Crane, Wright, &
Michael, 1987; Glick, M c C l e h d , & Yang, 1986; Jenks, Selekman, Bross, & Paquet,
1989; Knipa, Quick, & Whitley, 1988; McKinney, Small, O'Dell, & C o o m d , 1988;
m e r , Feldhusen, & Asher, 1968; Payne & Duffy, 1986; Perez, 1977; Reed &
Feldhusen, 1972; Whitley & Chadwick, 1986; Woodham & Taube, 19861, use a
criterion variable that is content and theory based (medical, suqjcal) rather than
practically and conceptualIy based (psychomotor skill, drug calculation skill).
Therefore, placing the îïndings from these studies into a rneaningful context for this

study is difficult.

Second,it has been suggested the fit between achievement predictor
variables and success appears to be a function of tirne (Higgs, 1984). That is,as time
between the predictor variables and criterion variable lengthens, the degree of
predictiveness decreases (Owen & Feldhawen, 1970). Based on this finding, it codd

be assumed that prenursing variables are better predictors of achievement in

subsequent nursing course work than of success on licensure examinations d e r
graduation; and, nursing coursework is a better predictor of success on licensure
examinations than is high school achievement. Therefore, studies that consider the
connection between admission criteria and achievement in a nursing program are
more helpful and relevant to this study (Alichnie & Beilucci, 1981; Backman &

Steindler, 1971; Clemence & Brinkf 1978; Felts, 1986; Jones, 1975; Oliver, 1985;
Richards, 1977; Safian-Rush & Belock, 1988; Wold & Worth, 1990).

Psvchometric Tests.
Psychometric tests as predictor variables were used extensively in the
literature regarding success in nursing education. The Scholastic Aptitude Test
(SAT) and the American Coilege Testing Program (ACT) were the two tests used

most frequently. Although the SAT and ACT have been widely studied, there is a
diversity of results and considerable difference in opinion regarding the validity of
these tests as predictors of success.
The SAT is primarily used to test verbal and mathematical reasoning ability
of nursing shidents who have previously studied at a variety of educationai

institutions (Gardner, 1988). Several studies have found SAT verbal scores to be a
better predictor of success than SAT math scores (Kissinger & Munjas, 1982;

McKinney, Small, O'DeU, & Coonrod, 1988; Miller, Feldhusen, & Asher, 1968; Payne
& Duffy, 2986; Reed & Feldhusen, 2972; Wold & Worth, 1990; Woodham & Taube,
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1986). In contrast, others have found SAT math scores to be more predictive than
SA?' verbal scores (Alichnie & Bellucci, 1981; Yess, 1980). Poorman and Marün

(1991) determined that SAT total scores were moderately positively correlated with

NCLEX results (0.30, p<.05), while Whitley and Chadwick (1986) showed that
students from one class who failed the NCLEX had demonstrated significantly
lower SAT verbal and math scores on admission than their successful counterparts.
The ACT is comprised of sections that test English, mathematics, social

studies, and natural sciences content that has k e n previously studied in educational

settings (Geisinger, 1984). Several investigators suggest that ACT scores are
predictive in determinhg a student's potential to succeed in an associate degree
program (Aldag & Rose, 1983; Boyle, 1986; Felts, 1986; Munday & Hoyt, 1965;

Sharp, 1984; Wittmeyer, CarniScioni, & Purdy, 1971; Yang,Glick, & McClelland,
1987).
Wittmeyer, Camiscioni, and Purdy (1971) f o n d that ACT math scores were

the best predictors of successful completion in a baccalaureate nursing program.
Others (Yang,Glick, & McClelland, 1987) have determined that ACT social science
subscores correlated the highest with scores on the NCLEX (0.48, pe.05). Perez
(1977) provides similar h d i n g s and speculates that reading ability tested in the
ACT social science component may be the determining factor in success as opposed

to particular knowledge of content. When ACT comprehensive scores were
combined with Chemistry grade point average (GPA), high school rank (HSR), and

pre-nursing GPA measures for 210 baccalaureate nursing students, it was
determined that these predictor variables (inorder) accounted for the greatest
variance on NCLEX scores (Yang, Glick, & McClelland, 1987).

The concem expressed in the literature about the wfulness of the SAT and
ACT as valid predictors of success requires discussion. While support for almost

every aspect of the SAT or ACT as predictors is noted, the role of SAT math and
verbal scores remains unclear. Grover (1981) adds, when SAT or ACT scores are
added to high school transcript measures, there is little increase in predictive ability
(0.08). Therefore, the wfulness in implementing these tests as separate admission

criteria is questionable.
Although the SAT and ACT are the most common tools used to determine
one's aptitude for success in higher education, there is a lack of consensus in the
psychology community about what these tools actually measure (Jensen, 1980;
Sternberg, 1985). Jensen(1980) suggests these tests measw intelligence, but fails to
offer an operational definition of this concept. Sternberg (1985) argues that the SAT

and ACT do not measure intelligence, but rather the context, experience, and
components of intelligence as a broad construct that is innuenced by ones'
immediate environment. Sternberg (1985) adds that how one performs on these

psychometic measures is dependent upon how well the individual has adapted to
the context of the testing situation, and that scores obtained at one time may not be
a bue reflection of that person's actual ability. Concems and arguments about the
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influences of age (Brody & Brody, 1976; Eysenck & Kamin, 1981),speed and
experience with test-writing (Grover, 2981; Jensen, 1981; Sternberg, 1985), and stress
(Jensen, 1980; Sternberg, 19851, add to the confusion about the validity of using the
SAT and ACT as predictors of academic success.
Concern over how the results of these tests are used has also been expressed
(Estes, 1981; Jensen, 1980). Using an applicant's scores on the SAT or ACT as the
sole determinant for admission has been criticized as a strategy that shouid be
avoided. Since these scores measure only one aspect of an applicant's potentiai, and

often add little to the variance in overail achievement when cornbined with other
predictor variables, SAT and ACT scores should not be considered the most reliable

and valid measure of potential success (Jensen, 1980; Estes, 1981). It has even been
recommended that these scores not be used as admission criteria, because they have
the potential to restrict and eliminate applicants that may in fact be good

candidates for success in nursing programs (Brody & Brody, 1976; Wigdor &
Garner, 1982).
In addition to the writer's choice not to elaborate on the literature that uses

licemure examinations as the sole dependent variable, it was &O decided that there
be no M e r discussion of the relationship between SAT and ACT scores and
achievement in nursing programs due to the concerns just expressed. Other reasons
for excluding this perspective in the subsequent review include the considerations
that SAT and ACT measures are not part of the Canadian context, and that
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psychometic testing does not take place in the nursing prograrn under investigation
for this study.
Predictor Variables,
The literature abounds with achievement prediction studies that explore the
relationships between a host of admission cnteria and academic success in nursing
programs (Allen, Higgs, & HoUoway, 1988; Alichnie & Bellucci, 2981; Baker, 2975;
Brennan, Best, & Srnail, 1996; Burgess & DufS, 1969; Clemence & Brink, 1978;
Hutcheson, GarIand, 6 Lowe, 1979; Jones, 1975; Richards, 2977; Safian-Rush&
Relock, 1988; Weinstein, Brown, & Wahlstrom, 1980). In these studies and others,
academic success was generally defined as either nursing grade point average
(Aldag & Rose, 1983; Men, Higgs, & Holloway, 1988; Brennan, Best, & SrnaIl, 1996;
Felts, 1986; Oliver, 1985; Wold & Worth, 1990; Yess, 1980), nursing course grades
(Chacko & Huba, 1991), or completion of part or ail of the nursing program (Aldag
& Rose, 1983; Allen, Higgs, & Hoiloway, 1988; Hayes, 1981; Oliver, 2985; Safian-

Rush & Belock, 1988; Weinstein, Brown, & Wahlstrom, 1980). These measures are
related more directly to the content and practice experiences provided within the

nursing program than is the content tested on a licensure examination such as the

NCLEX . Therefore, using these criterion measures of success is helpful because
nursing grades and completion of nursing programs occur as a result of theory and
clinical practice achievement. Presumably, calculation ability and safe dmg
administration would be an Uiherent component of overd achievement for student
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nurses.

The nursing literature addresses academic and nonacademic variables when
studying predictors of success. The strength of traditional cognitive and academic
achievement predictors, such as high school grades, college GPA's, and prerequisite
course grades, is generally supported in the literature (Alichnie & Bellucci, 1981;
Backman & Steindler, 1971; Clemence & Brink, 1978; Chacko & Huba, 1991; Felts,
1986; Hayes, 1981; Oliver, 1985; Reed & Feldhusen, 1972; Seither, 1980; Weinstein,

Brown, & Wahlstrom, 1980). In contrast, the use of noncognitive variables such as
age, marital status, gender, and previous nursing experience to predict success, has
produced inconclusive results (Aidag & Rose, 1983; Allen, Higgs, & Holloway, 1988;
Baiiey, 1988; Baker, 1975; Felts, 1986; Higgs, 1984; Montgomery & Paimer, 1976;
Oliver, 1985; Richards, 1977; Safian-Rush & Belock, 1988; Yess, 1980).

fa) Academic Predictors
Early predictive studies have shown that pre-nursing grade point average

and high school standing were found to be the strongest predictor variables of
success in nursing programs (Backman & Steindler, 1971; Burgess & Duffey, 1969;

Burgess, Duffey, & Temple, 2972; Clemence & Brink, 1978; Whittmeyer, Camiscioni,
& Purdy, 1971; Reed & Feldhusen, 1972). More specifically, high school science

grades have &O been found to correlate significantly with success criteria
(Clemence & Brink, 1978; Montgomery & Palmer, 1976). Hayes (1981)determined
that academic variables were the most powerful predictors of academic success as

52

they accounted for 62 percent of the criterion variance when studying graduates
and non-graduates of a University nursing program.
More recently, high school rank (r=.44, pc.01) and high school GPA (r=.28,
p<.O5) have been suggested as reasonable predictors of nursing GPA when studying
freshmen coilege (Alichnie & Beilucci, 1981) and associate degree (Oliver, 1985)
nursing students. By using multiple regression analysis, Dyer (1987) suggested that
overaii, high school achievement accounted for at best, seven percent of the criterion

variance. Seither (2980) studied IO8 baccaiaureate students and determined that,
when combined with cumulative GPA, high school rank was the best predictor of
nursing GPA (F=124.9, p c.0001).
Pre-nursing cumulative GPA, or GPA calculated on previous non-nursing
course work, showed a significant relationship with nursing GPA (r=.23, p.000;
r=.48, pc.01) when the achievement of baccaiaureate students was examined (Men,

Higgs, & Holloway, 1988; Wold & Worth, 1990). Prerequisite GPA (Allen, Higgs, &
Hoiloway, 1988; Hayes, 1981) and non-nursing support course grades (Felts, 1986),
contributed to significant differences in nursing GPA (r=.53, p.0000; F=141.24,
p<.001) and somewhat less strongly to successfd completion or noncompletion of
the nursing program (F-5.7, pc.05). Higgs (19841, in a study of 507 freshmen
nursing students (drawn from three samples of 164,166, and 177),found that
prerequisite GPA was predictive of nursing GPA (r=.40-.46), clinical GPA (r=.3&.4n,

and science GPA (r=.32-.40)at a p<.05. More recently, in a Canadian s l d y
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conducted in Newfoundland (Brennan, Best, & Small, 1996),similar results, with
regard to pre-nursing GPA and Year One nursing GPA, were reported for a sample
of 89 baccalaureate nursing students. Overaii, high school rank and pre-nursing
GPA have demonstrated the greatest consistency in predicting later achievement in
nursing programs.
Support for the pre-professional GPA as a useful predictor variable of success
in nursing is obtained by reviewing studies f o n d in the aiiied health literahue.

Studies have shown that the GPA is the best predictor of academic success for
students attending programs in physical therapy (Balogun, 19881, medical record
technology (Slovensky, 1986),dietetics (Pope & Gines, 1986; Hanson & F M , 19W,

and baccalaureate allied health (Schimpfhauser & Broser, 1976).
Others have posited that cJPA is unrelated to performance in the disciplines

of physical therapy (Levine, Knecht, & Eisen, 1986)and occupational therapy
(Posthumas& Sommerfreund, 1985). Dietrich and Crowley (1982)studied 453 allied
health programs throughout the United States, hcluding programs in medical
records administration, medical technology, physical therapy, occupational therapy,
dental hygiene, and respiratory technology. They found no conclusive relationships
between acadernic records, interviews, pre-admission testing, or demographic
variables and success in these programs. As well, Hedl(1987)found no correlation
between GPA and successful completion of a baccalaureate allied health program.
Limitations in this literature were identified. Srnail sample sizes such as 42
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(Balogun, 1988) and 78 (Posthumas & Sommerfreund, 1985)are noted and different

types of programs of varying lengths and grade requirements make cornparisons
difficult. The content of courses in these programs is not desaibed and therefore
the relevance to nursing content is called into question.
The role of the GPA and A-levd course grades in predicting success in

medical school has been investigated (Jones & Thomae-Forgues, 1984; Montague &
Odds, 1990; Samacki, 1982). As found in the n u s h g and allied health literature,
GPA is reported as being one of the best predictors of academic success in medical

school (Jones & Thomae-Forgues, 1984). Montague & Odds (1990),in a study of 266
medical students in the UK, detemllned that there was a correlation between
performance in various stages of a medical program and performance in A-level
chemistry and biology, but not mathematics, physics or general studies. The
findings discussed in the allied health and medical literahue demonstrate support

for the serious consideration of pre-professional GPA and particular support course
grades as reasonable admission aiteria and predictors of achievement.
Other academic variables typically considered during the admission process
include high school or post-secondary science, English, and mathematics grades.

Science courses, such as microbiology (Felts, 1986) and biology (Brennan, Best, h
Smail, 1996; Oliver, 1985; Seither, 1980),have demonstrated strong predictive ability

when assessing the GPA of nursing students in associate and baccalaureate degree

programs (F=74.52, pe.001; r=.51, pe.01; r=.32, pc.05; F=216.4,pc.0001). Average
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high school science grades were shown to be related to whether students dropped

out (r=.42--45,pc.01) or successfully completed the program (F=19.38, pc.01)
(Alichnie & Bellucci, 1981; Weinstein, Brown, & Wahlstrom, 1980). However, other
studies could not find a relationship between general science (Allen, Higgs, &
Holioway, 1988; Wold & Worth, 1990) or chemishy grades (Hayes, 1981)and
achievement or successfd completion of a program.
Studies that have examined the predictive ability of English scores have
shown that high school English and tests of vocabulary Wold & Worth, 19901,
reading, and language skills (Chacko & Huba, 19911, correlate significantlywith
successhil program completion, nursing grades, and nursing GPA (Brennan, Best, &
Small, 1996; Oliver, 1985; Weinstein, Brown, & Wahlstrom, 1980). In contrast, other
studies did not discover such relationships (Hayes, 1981; Yess, 1980).
The findings related to the predictive ability of pre-admission mathematics
grades are more incondusive. Alichnie and BeUucci (1981) and Brennan, Best, and
Small(1996)found that high school math was related to nursing GPA (r=.48, pc.01;
r=.48, p<.01), and Weinstein, Brown, & Wahlstrom (1980) deterrnined that math test
scores achieved prior to admission were the third best predictor of successful
program completion (F=7.57,pc.01), following grades achieved in science (F=19.38)

and English (Ff14.89). When combined with students' GPA and psychology grades,
math grades became predictive of successful completion (F-8.9, pc.05) and could
explain 50 percent of the variance between graduates and nongraduates (Hayes,
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2981). in contrast, however, others report that mathematics scores as an admission

criteria do not predict ciifferences in rates of program completion (Oliver, 1985) or
nursing grades (Chacko & Huba, 1991; Yess, 1980).
The best academic predictor variables of success are clearly high school
standing and pre-nursing GPA. More caution is necessary, however, when deciding
upon the predictive value of other typical academic variables such as science,
English, and mathematics grades as independent measures. Many studies did not
limit their investigation to academic predictor variables. Noncognitive or
nonacademic predictors of success were also examined. A discussion of the
influence of these predictor variables is helpful to this study because admission
cornmittees often take into consideration a wide range of variables in the decision to
admit an applicant to a nursing program.

fi) Nonacademic Predirtors
Predicting success in nursing programs involves the consideration of both
academic and nonacadernic variables. Nonacademic variables such as age, marital
statu, personality and maturity have shown predictive ability in earlier years

(Baker, 1975; Jones, 1975; Montgomery & Palmer, 1976; Richards, 1977; Smith, 1968).
Lavin (1965) asserts that vanables in the noncognitive domain need to be taken
more seriously and investigated as potential predictors since learning is a
multisensory experience involving the total being of the learner. Nonacademic
predictors have &O included such measures as motivation and learning style
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(Chacko & Huba, 1991; Hayes, 1981; Higgs, 1984; Nortridge, Mayew, Anderson, &
Bell, 1992; Talarczyk, 1989). More frequently, however, variables such as age,
gender, marital status, and previous nursing experience have been examined for
their predictive value (Aldag & Rose, 1983; Men, Higgs, & Hoiioway, 1988; Bailey,
1988; Bueche, 1986; Oiiver, 1985; Yess, 1980). Some authors have characterized the

successful nursing student as older, mature, married, and having had prior coilege
experience (Aldag & Rose, 1983; Oliver, 1985; McKinney, Small, O'Deil, & Coonrod,
1988).

The rnost commonly investigated nonacademic predictor variable in relation
to success is age. While it has been found that age in general relates to achievement

in nursing school (r=.31, pc.05) (Oliver, 19851, some have determined that older
student nurses out-perform their younger peers (x2=35.22, pc.01, n=534)(Aldag &
Rose, 1983; see &O,

Bailey, 1988; Higgs, 19û4; Safian-Rush & Belock, 1988). That is,

increased age appears to be a positive influence in achieving success and
successfdiy completing a nursing program. However, other investigators have not
identified these same relationships (Allen,Higgs, & Holioway, 1988; Beuche, 1986;
Felts, 1986; Weinstein, Brown, Wahlstrom, 1980; Yess, 1980).
Yess (1980) found that married and divorced student nurses achieved higher
GPA's than single students (~'=.217,pc.05, n=75). It was speculated that perhaps
the marital rektionship engenders a sense of responsibility and provides the

motivation for earning good grades (Yess,1980). However, marital stalus did not
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appear as a significant predictor variable in a study of 296 randornly selected
baccalaureate nursing students (Allen, Higgs, & HoUoway, 1988). Oliver (1985) also
found no relationship between marital status and nursing GPA.
Gender is also often considered in prediction studies. In a shidy of 507
freshen university students, fernale student nurses were found to achieve higher
nursing theory and clinical GPA's than male students (Higgs, 1984). In contrast,
gender has not shown predictive ability in relation to GPA or completion of a
nursing program by others investigating this variable (Allen, Higgs, & Holloway,
1988; Oliver, 1985; Yess, 1980). Data on gender are often coiiected in studies, but

deleted from the final analysis in many cases. Frequently, there is an insufficient
number of male subjects to enter the data on gender into the statistical procedures.
Therefore, the usefulness of gender as a predictor variable, in terms of statistical and
practical importance, is debatable.
Findings related to the predictive ability of previous nursing experience are
inconclusive. Oliver (1985) determined that Licensed Practical Nurse (LPW status
positively correlated with higher nursing GPA (F=3.96, pe.05) in an associate degree
program (n=67). However, Yess (1980)found that LPNs achieved lower GPA's than
students without previous nursing experience (n=75). Others found that LPN status
made no dserence in the achievement of nursing GPA or in completion of the
program (Men, Hlggs, & Holloway, 1988; Felts, 1986).
It is often said that prior success is the best predictor of future success (Hayes,
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1981; Talarczyk, 1989; Wold & Worth, 2990). Studies have shown that student

nurses who have eamed previous degrees or have attended university prior to
entering nursing, perforrn better (r=.57 & r=.26, p<.05) than students without prior
post-secondary experience (Allen, Higgs, & Holloway, 1988; Higgs, 1984; Oliver,
1985). Yet, in a study of 787 high school graduates (n=555)and transfer students

who had previous university credits (n=232), Aldag and Rose (1983) found these
two groups were equally successful in graduating from nursing programs.
Clearly, the predictive power of nonacademic variables is less convincing
than that demonstrated by academic predictors. A review of the literahrre in this
area demonstrates inconsistencies in the findings, making generalizations difficult.
A brief discussion of the limitations inherent in some of these studies is helpful in

explaining the confusion arising from the analysis of academic and nonacademic
variables as predictors of success in nursing education.
Des*

Issues,

Most studies used an ex post facto design to review student records for
academic and nonacademic data (Alichnie & BeUucci, 2981; Oliver, 1985; Weinstein,
Brown, & Wahlstrom, 1980; Yess, 1980). Although appropriate for the research
problems being investigated, this approach often resulted in a reduced sample size
due to incomplete information found in the student records. The probIem of
missing data may be reduced by the use of prospective designs in which the
researcher can plan for the type of information available in records. Reduced

sample sizes also limited the ability to enter anticipated data into the statistical
formulas and therefore reduced the power of the analysis carried out.
Sample sizes ranged from 34 (Safian-Rush & klock, 1988)to 787 (Aldag &
Rose, 2983). Most samples were convenience in nature (Alichnie & Bellucci, 1981;

Felts, 2986; Higgs, 1984; Oliver, 1985; Seither, 1980; Wold & Worth, 1990; Yess, 1980).
Few used a stratified random samphg approach (Ailen, Kggs, & Hoiloway, 1988;
Weinstein, Brown, & Wahlstrorn, 1980). The studies based on a Canadian sample

are minimal (Brennan, Best, & Small, 1996; Jacono, Keehn, & Comgan, 1987;
Weinstein, Brown, & Wahlstrom, 1980). The diversity of samples, number and type
of variables studied as predictors, and the lack of consistent operational definitions
for the independent and dependent variables (Higgs, 1984)across different types of
nursing programs, makes it di€ficult to draw conclusions.
The lack of standardkation in grading policies germane to the calculation of

grades and GPAs among high schools, coileges, and universities raises the questio~
of uncontrolied variance (Friedemann & Valentine, 1988; Higgs, 1984; Munday &
Hoyt, 1965). Similady, differences in how high school transcript data and prior
course work grades are collated (Wold & Worth, 1990)into admission criteria from
applicants arriving from a variety of educational settings adds to the question of
validity.
These studies employed both univariate (Pearson's r) and multivariate
statistical procedures, such as stepwise multiple regression, to examine the
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relationships between individual and groups of predictor variables to the criterion
measures. While helpful in prediction studies, multivariate analysis procedures
require large random samples to be most effective. Small sample sizes of 34,67,75

and 95 respectively (Safian-Rush& Belock, 1988; Oliver, 1985; Yess, 1980; Chacko &
Huba, 1991),in relation to the number of variables analyzed by the multiple
regression method, renders the applicability of some of the findings questionable.
Other investigators have attempted to identi€y predictor formulas to be considered

during the admission process (Boyle, 1986; Miller, Feldhusen, & Asher, 1968; Reed
& Feldhusen, 1972). However, these equations would be difficult to implement in

practice since they were &en lengthy (Hayes, 1981; Perez, 1977)and contained an
assortment of variables that may or may not be applicable to a particdar program.
Predictorslrfss: Summw

The lack of comparative and validation studies in this area has led to an
abundance of research that is disconnected and inconclusive (Higgs, 1984). Higgs
(1984)suggests that the confusion arising from such a haphazard approach to

research can be reduced by following a systematic approach to variable
identification and relationship testing, based on the needs of the rescarcher. The
Mode1for the Study of Rediction of Success in Nursing Education and Nursing
Practice (Higgs, 1984) offers a practical conceptual framework which encourages
one to "tap into the model at various stages depending upon the purpose of the
study and the problems under investigation" (p. 80). Today, this model remains
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helpful in guiding research owing to the continuing trend of disorganized and
inconclusive work in this area.
Variables in the model (Higgs, 19û4)have been categorized as pre-nursing
major, nursing major, and post-graduation to establish a succession of events. Both
academic and nonacademic variables are considered. Direction is provided in
idenüfying variables previously investigated and the relationship between predictor
and criterion variables in other studies. Using this model for the design and
execution of further prediction studies would be a worthwhile and valuable
endeavour in contributing to the curent body of knowledge in this area of study.
2.3 Factors Influeachg Calculation Ability

As the previous section demonstrates, many studies have examhed the
relatiomhip between academic and nonacademic predictors of success in nursing
education. However, when reviewing the literatute related to predictors of
mathematical ability of nursing students as a separate entity, one finds that research
in this area is minimal. The psychology literature is helpful as it addresses the

Muence of mathematics an>Qetyon the calculation ability of students (Aiken, 1976;
Betz, 1978; Fulkerson, Galassi, & Galassi, 1984; Hendel & Davis, 1978;Richardson &
Suinn, 1972;Zeidner, 1991). The influence of math anxïety has been considered in

some nursing literature, but not to a large extent (Bayne & Bindler, 1988;Fulton &

O'Neill,1989;Pozehl, 1996).
Calculation ability as a conceptual ski11 has been shown to be influenced by
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the individual learning styles of students (Bath & BIais, 1993; Bath, Chinn, & Knox,
1986; Grow & Johnson, 1983; Miller, 1986; Hodges, 1983; Midldf & Thornasson,
1993). This perspective is d e s c n i d primarily in the education literahire. Once
again, only one nursuig article on this subject was found (Bath& Blais, 1993).
The education and nursing literahue have explored the issue of calculator use
on the development and demonstration of calculation ability (Chenger, Conklin,
Hirst, Reimer, & Watson, 1988; Hembree & Dessart, 1986; Koop, 1982; Shockley,

McGurn, Gunning, Gravely, & Tillotson, 1989; Roberts, 1980; Szetela, 1982; Worrell
& Hodson, 1989), as another influencing factor. However, there is a paucity of

research, nursing and otherwise, which specificaily addresses the Link between
academic and nonacademic variables and calculation competency of nursing
students (McCann-Flynn & Moore, 1990).

hematirs Anxiety,
The investigation of the relationship between math anxiety and math test
performance is well documented (Aiken, 1976; Betz, 1978; Hendel & Davis, 1978;
Morris, Kellaway, & Smith, 1978; Richardson & Suinn, 1972; Rounds & Hendel,
1980; Stodolsky, 1985). Burton and Russell (1979) suggest that a lack of a foundation
in maths and low mathematics seïfesteem reinforces math aruciety. Richardson and
Suinn (1972) define math anxiety as "feelings of tension and anxiety that interfere
wi& the manipulation of numbers and the solving of math problems in a wide

variety of ordinary Iife and academic situations" (p. 551).
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One of the most commonly used instruments in the iiterature designed to
measure mathematics anxiety is the "MathematicsAnxiety Rathg Scale" (MARS)
deveIoped by Richardson and Suinn (1972). The MARS is a 98-item, 5-point Likerttype instrument designed to assess math anxiety in a wide variety of ordinary-life

and academic situations Richardson & Suinn,1972). Internai consistency and testretest reliabilities have been reported at -97and .85 (p<.001)respectively. It is
considered the most widely used math anxiety measurement instrument with the
greatest amount of psychometric, reliability, and validity data (Fukerson, Galassi, Q
Galassi, 1984).
Another related variable of some significance is that of attitude toward
mathernatics. Eaton (1989) States, "many students, especidy fernale students, have
negative attitudes toward mathematics and Little confidence in their ability to sohe
problems" (p. 342). Measures of attitudes toward mathematics have shown
consistent reIationships with tests of mathematics achievement and performance
(Aiken, 1970,1976). McCann-Elynn and Moore (1990) found mathematics attitude
to be a significant predictor of math performance for 64 femaie junior students in a
baccalaweate nursing program. Similady, Bayne and Bindler (1988) f o n d nurses
who rated their own medication skills and overall cornfort with medication

calculation as below average tended to score lower on a calculation test than those
who rated their skilis as average or above average.
Tiinpke and Janney (1981)witnessed how their students often expressed
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feelings of h t r a t i o n , anxiety and embarrassrnent about inadequate cakulation
abilities. It was estirnated these feelings contributed to a 39% failure rate on drug
dosage tests. After implementing a calculation computer program as an
instructional strategy, they reported students experienced less anxiety and could
progress satisfactorily at an individual pace. Subsequently, aU students who used
the computer program passed the mastery test on drug calculations the first tirne.

In a study involving 267 behavioral science students, 72 percent of whom
were femde, an inverse correlation between math anxiety and math performance
(r= -.49, p<.05) was reported (Zeidner, 1991). This study was useful because it
employed the largest sample size f o n d in the literature and provided the greatest
detail related to methodology, analysis, and theoretical explanation for the findings.
In contrast to the above studies, others have shown that a relationship

between math d e t y and math performance does not exist (Fdkerson, Galassi, &
Galassi, 1984; Fulton & O'Neill, 1989; Llabre & Suarez, 1985; Resnick, Viehe, &

Siegel, 1982; Siegel, Galassi, & Ware, 1985). For example, Fulton and O'Neill (1989)
studied 80 first year nursing students enroiled in a college nursing program in
Ontario. Their resdts indicated there were no significant differences between
groups examined for math anxiety levels and arithmetic test performance. While
the relationship between math anxiety and math performance appears to have been

a concern over several years, the relationship remains unclear.
In general, the studies in thiç area employed designs and methodological

66

strategies that were appropriate for the research questions under investigation. Few
limitations to these studies were noted. Some studies used s m d samples of 71
(Fulkerson, Galassi, & Galassi, 1984),80 (Fulton & O'Neill, 19891, and 143 (Siegel,
Galassi, & Ware, 1985),which, relative to the number of items analyzed by use of the
MARS (Richardson & Suinn, 1972),could be considered insufficient to detect smail

significant differences.
Fulton and O'Neill(1989)postulated that the lack of significant differences
between groups in ternis of math anxiety and math performance could possibly be
attributed to the uçe of the MARS (Richardson & Suinn, 1972) in their study and
presumably by others (Fulkerson, Galasi, & Galassi, 1984; Siegel, Galassi, & Ware,
1985). They stated it was possible their sample, and others of this generation, were

not as math anxious as their predecessors had been when this tool was developed;

and therefore, the usefulness of this tool over t h e was questioned. Socialization
changes over the past two decades and improved counsehg facilities for students
having diffidty with mathematics were identified as potential reasons why
students did not display the same degree of math anxiety and subsequent
.

dificulties inmath performance. Nonetheless, few faults with these studies codd

be found, leaving the impression that the influence of math anxiety on math
performance remains ambiguouç.

It has been found that the majority of calculation errors made by students
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tend to be conceptuaiiy based (Blais & Bath, 1992; Segatore, Edge, & Miller, 1993).
Inability to set up the problem correctly or not knowing in which fonn to administer
the medication, are examples of conceptual errors. Researchers have suggested
there are different styles to mathematics learning and subsequent performance.
How an individual perceives, processes, and problem-solves a calculation situation
appears to influence how an answer is generated (Bath, Chinn, & Knox, 1986; Grow
& Johnson, 1983; Miller, 1986; Bath & Blais, 1993).

The role of leaniing styles in mathematics has been addressed as an area of
consideration in the education and nursing Iiterature (Bath & Blais, 1993; Hodges,
1983; Midkiff & Thornasson, 1993). Bath and Blais (1993)studied 66 first year

nursing students who had cornpleted course work involving calculation of dmg
dosage and medication administration skilis. They used the Test of Cognitive Style
in Mathematics (Bath, Chinn, & Knox, 1986) in conjunction with a drug dosage

exam and found that students who were identified as "global, inductive, part-towhole mental processors" were more likely to p a s the drug dosage test than were
the "analytical, deductive, whole-to-part problem solvers".

The results by Bath and Blais (1993) are in contrast to the view posed by
Midkiff and Thornasson (1993). They suggest mathematical skiils are primarily leftbrain functions. Therefore, people who are left-brain leamers, characterized as
analytical and deductive thinkers, should perforxn better in math than those who are

right-brain dominant and possess a global learning style. O'Neil(1990)agrees with
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Bath and Blais's (1993) recommendation that instruction in mathematics should

incorporate a mixture of learning style approaches in order to accommodate the
individual styles of different students.
Much of what is presented in the Literahtre regarding learning styles in
mathematics was mecdotal and theoretical in nalure. Related research-based
information was minimal (Bath & Blais, 1993). Further empirical study in this area
would be helpful.

Calculatoi Use,
There has been a Iong-standing debate in nursing education on whether or
not students should use calcdators on examinations to determine drug dosage
calculation ability (Shockley, McGum, Gunning, Graveley, & Tiliotson, 1989). A
review of the studies examining calculation abilities of students reveals that some
programs have allowed the use of calculators (Segatore, Edge, & Miller, 1993),while
others have not (Bindler & Bayne, 1984; Blais & Bath, 1992). WorreU and Hodson
(1989) report that 81.3%of the prograrns they studied did not allow the use of

calcdators.
Several nursing authors have offered their opinions regarding the usefuiness
of calculators in tesüng. Dexter and Applegate (1980) asserted that "calculatorsare
useless if one doesn't know how to set up the problem correctly" (p. 50). Mwphy
and Graveley (1990) add that, despite their virtuai wotthlessness if the user is
unable to set up the problem, calculators should be available on every unit to verify
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manual caiculations in order to reduce mistakes due to sloppiness and fatigue. This
sentiment is shared by others who have stated if calculators were ailowed during
testing, educators would be better abIe to identify students who had conceptual
difficulties, as errors due to carelessness or fatiguewould be minimized (Chenger,

Conklin, Hirst, Reimer, & Watson, 1988; Segatore, Edge, & Miller, 1993; WorreU &
Hodson, 1989).

Shockîey, McGurn, Gunning, Graveley, and TiIlotson (1989) conducted a

study of 166 undergraduate nursing students to determine the effect of calculator
use on the arithmetic and conceptual skiUs associated with s01ving problems on a
dosage calcdation exam. They used an expetimental repeated measures design in
which students completed two pardel f m s of a calculation exam, one form with a
calculator and one form without. The results suggested caicdator use was
associated with improved arithmetic skills but diminished conceptual skill
performance.
hdependent of the caidator effect, pre-admission arithrnetic ability of the
students was acknowledged as a major factor underlying performance on the
medication tests (Segatore et al., 1993). It was &O reported (Segaiore et al., 1943)

the two tests required refinement to rule out differences in scores since an analysis
of wiihin subjects effects showed that one form was likely more difficult than the
other form. Therefore, findings fmm this study should be considered with caution

due to the limited reliability of the calculation tests.
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Studies on the relationship between arithmetic and conceptual skik and the

use of calculators were found almost exclusively in education journals, with only
one study reported in the nursing literature (Shockleyet al., 1989). Findings of the
education studies were mked. Szetela (1982) reports for students in Grades three to
eight, calculators did not improve conceptual skills durhg problem-solving, but did
help to avoid errors made as a result of basic computational weaknesçes.
Following a study of 150 adult students enrolled in a college arithmetic
course, Koop (1982) recommended calculators be allowed in adult classes requiring

a math component. It was believed these adult learners had failed to retain the basic

math skills learned earlier and that calculators would enhance basic ski&
performance and overall attitude toward mathematics. However, this study did not
confirm the perspective that the use of calculators is &O beneficial in increasing
problem-solving s W (Hembree & Dessart, 1986).
Suydam (1982)carried out a review of 75 research studies concerned with the
influence of calculators on basic and conceptual problem-solving skills in
mathematics. Like other studies (Koop,1982; Roberts, 1980; Szetela, l982), results of

this landmark review (Suydam, 1982) yielded few firm conclusions on the effects of
calculator use in testing. That is, the majority of these studies reported the use of
calculators led to mixed improvement in basic mathematics operations and no
significant improvement in problem-solving or conceptual skills.
Most recently, a meta-analysis of the findings from 79 research reports was
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conducted by Hembree and Dessart (1986). The purpose of the anaiysis was to
assess the effectsof caiculators on student achievement in mathematics for students

in Grades K to 12. Studies selected for the review were subject to specific inclusion

criteria which ensured consistency and adequacy of the methods used to study the
issue of calculator use. The results indicated the use of caicuiators in testing
produced much higher achievement scores than traditional paper-and-pend
efforts,both in basic operations and in conceptual problem-solving questions. This

finding applied to a l l grades and ability levels.
Factors Influencin~Calculation AbiliQc Summary,

Apart from the concerns noted in the study by Shockley,McGum, Gunning,
Graveley, and Tillotson (1989), no obvious methodologicai weaknesses of the
literature reviewed in the previous section were found. The review of educational
studies, and nursing literature to a lesser extent, would imply that while basic
mathematical skills do not appear to be negatively influenced by calcuiator use, the
relationship with conceptual skiils remains unclear. Unfortunately, the question of
whether calculators should be used, specificdy in nursing education, continues to

be unanswered.
It is not the intent of this study to focus on the issue of calculator use in math
competency testing. However, a discussion of this literature is appropriate for this
study for the foilowing reason. It is assumed that calculators are used extensively in
the primary and secondary school systems. &ised on the rewarch, it is conceivable
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that continued reliance on the use of calculators as a student moves through the
school system may undermine the development of conceptual problem-solving
ski& and diminish the ability to perform basic numeracy operations due to a lack of
practice. It is unclear to what degree mature learners, who have been away from
the school system for several years, depend on the calculator. Nursing students
who have grown accustomed to using a calculator rnay find themselves at a
disadvantage when faced with having to demonstrate drug calculation ability
without the aid of a calculator. These assumptions have significant implications for
how nursing programs and researchers measure the cornpetence of students,

depending on whether caiculators have been used or not.
It is also not the a h of this study to concentrate on the infhences of math
anxiety, Iearning styles, or the use of calculators in math competency testing.

However, the inclusion of literature in these areas is si@cant

to the discussion as

it might help to explain potentiai sources of uncontrolled variance in math scores
obtained during the course of this study. Having an understanding of these factors
prior to design development also enables the researcher to consider ways to reduce
error in instrumentation and testing, if at aii possible.
2.4 Predictoiis of Nursing Students' Math Perhnnance

Predictors of nursing students' mathematics performance as an area of study
has limited representation in the nursing literature (Chenger, Conkh, Hirst,
Reimer, & Watson, 1988;McCann-Fiynn & Moore, 1990; Segatore, Edge, & Miller,
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1993). The most widely studied area in mathematics achievement cornes from the

educational research in which investigators have examined gender differences in
mathematics performance (Benbow & Stanley, 1982; Ethington & Woifle, 1984;
Fennema & Sherman, 2977;Sherman, 1979) and reasons for women's participation

in mathematics leaming (Armstrong & Price, 1982; Fernema, 1977).

nder Differences,
The literature pertaining to gender differences favours the view that
mathematics performance is found to Vary as a function of sex, with men typically
out-performingwomen (Fennema & Sherman, 2977). It has been suggested one
reason women fail behind men in mathematics performance is women have
traditionally avoided the study of mathematics (Armstrong & Price, 1982; Fennema,
1977). In order to explain why women avoided mathernatics, Fennema (1977)

reviewed the influence of numerous cognitive, social, educational, and cultural
factors identified from previous studies. Although certain variables were identified
as possible predictors of women's involvement, the results were often inconclusive
due to s m d samples or because the examination of possible factors were
inconsistent between studies. Armstrong and Price (1982) detennined that
attitudes, perceived usefuiness of math, and expectations of parents, teachers, and
peers emerged as predictors of why women tended not to engage in mathematics
experiences as often as men.
Studies have also attempted to find other explanations for lower mathematics

74

achievement by females. Sherman (1979)conducted a longitudinal study examinhg

the predictive abiüty of cognitive and attitudinal variables for boys and girls from

Grade nine to Grade twelve. She found that cognitive variables (aptitude and
understanding) were more consistently predictive, although a negative attitude
towards mathematics contributed significantly to lower math scores obtained by the

girls. Sherman (1979)hypothesized that the "fearof success" phenornenon and
sociocultural roles prescribed for females at that tirne lîkely played a part in the lack

of requisite development for optimal mathematical learning.
In another longitudinal study of "MathematicallyPrecocious Youth", Benbow

and Stanley (1982) established that gender differences in math achievernent
persisted over several years. More precisely, it was f o n d that the abilities of males
developed more rapidly than those of females, leading to male-favoured differences
in mathematics participation and performance. However, few sex differences in

attitudes and Little relationship between attitudes and achievement were identified.
Therefore, in contrast to other studies (Armstrong & Price, 1982; Ethington &

Wolfie, 1984; Sherman,1979),the lack of relationship between attitude and
performance found by Benbow and Stanley (1982) could presumably be attributed
to the more positive attitude toward math by both men and women in this sample.
Using data drawn h m the "High School and Beyond" nationwide
longitudinal study of high school sophomores and seniors ('National Opinion",
1980), Ethington and Wolfle (1984) ewmined the reasons men and women differ in
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mathematics achievement . After controllhg for gender differences in cognitive
abilities, background in math, and math interest or attitude, they determined that
gender continues to have a significant effect on the math achievement of fernales.
They suggested the greatest source of variance resulted from differences in the
degree to which females were exposed to math by virtue of being enrolled in
mathematics courses. Put simply, the more women participated in mathematics, the
better they performed.
Results of the Third International Mathematics and Science Study (Beiier &
Gafni, 1996) are interesting to examine within this context. Commencing in 1991, a

sample of over 150,000 students in grades seven and eight from over 40 countries
were tested in the areas of mathematics and science. For Canadian students, it was
found giris and boys performed equally "weli" in mathematics and that both groups
achieved an average of 59%in this subject The authors (Beller & Gafni, 1996)
highlight these findings represent a significant change from what has been reported
over the past 20 years in terms of gender differences in mathematics achievement. It
should be noted, however, these students are approximately four or five years from
high school graduation and may take longer yet to enter university. Therefore, it

will be interesting to watch whether the lack of gender difference in mathematics
proficiency for this group will persist over the years, or if previous trends will
emerge as these students move through the educational system.

The previous studies have identified several factors that describe why mde-

favoured, gender differences exist in the area of mathematics performance.
Methodological strengths such as large sample sizes of 1788,1996, and 13200
respectively (Armstrong & Price, 1982; Benbow & Staniey, 1982; Ethington & Wolfle,
19841, and the use of longitudinal designs employing multiple measures over tirne,
enable one to have confidence in the findings generated by this body of research.
The literature related to gender differences was hcluded in this review

because it provides insight into possible factors why nursing students, who are
primarily female, demonstrate difficulty with mathematics. Furthemore, an
understanding of these factors may add a valuable perspective on the potentid
variance in scores, separate from that obtained as a result of the identified variables
under investigation in this study.
However, gender as an independent variable, has limited value for this
study. Nursing programs generdy do not enroll sufficient male students to enter
statistical data into the analysis to detect gender differences. This staternent is
supported by the decision of nursing studies which eliminated gender from the final
analysis due to insufficient male subjects (Chenger, Conklin, Hiist, Reimer, &
Watson, 1988; McCann-EQnn & Moore, 1990; Segatore, Edge, &Miller, 1993). It is
interesting to note that despite this consequence, nursing studies continue to collect
data on the variable of gender, which never reaches the analysis stage.
i c Predlctors.

As mentioned, the amount of research addressing the links between
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academic and nonacademic variables and mathematicai and drug cakulation ability
of student nurses is disappointing. W y four studies have exarnined these
relationships (Chenger, Conkijn, fist, Reimer, & Watson, 1988; Dexter &
Applegate, 1980; McCann-Flynn & Moore, 1990; Segatore, Edge, & Miller, 2993). At
best, the design details in these studies are sketchy, and the results are inconclusive.

b

A

High school average has been studied in relation to calculation ability.
Although chi square analysis demonstrated that high school average correlated
significantly with basic math scores in one study (11355) (Chenger, Conkiin, Hirst,
Reimer, & Watson, 2988), it did not appear to have the same influence in another
(Segatore, Edge, & Miller, 1993). Again, the latter study used a sample of 44,which

may explain the inability to detect statisticslly significant differences.

Grade point average has been shown to predict achievement on a medication

test in a s h d y conducted by McCann-Flynn and Moore (1990). Using a sample of 64

students, the Pearson's correlation coefficient (s.453,pc.01) and multiple regression
analysis (F=16.01, pc.01) demonstrated the existence of a significant relationship
between GPA and caiculation ability. This is a u d d finding because it is derived

h m a methodologicaliy sound study and therefore offers support for including
GPA in prediction studies concerned with the calculation skills of nursing students.

fi) Previous m e m a t i c s CourFindings conceniing the predictive ability of previous mathematics
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achievement are also unclear. Dexter and Applegate (1980)purport that high school
algebra c m predict basic math performance. However, it is difficult to put these
findings in perspective s7-ncethere was no information reported regarding the
sample size or the methods used to measure the variables in this study.
The number of high school mathematics courses taken by nursing students

did not appear to influence either basic math skills (Chenger, Conklin, Hirst,
Reimer, & Watson, 1988) or medication calculation ability (McCann-Flynn & Moore,
1990). It is interesting to note these results are in contrast to the findings from the

educational literature which suggests that greater mathematics exposure (taking
more math courses) should improve mathematics performance (Ethùigton & Wolfle,
1984).

u
In an ex post facto correlational study of an unidentified number of nursing

students, Dexter and Applegate (1980) found that an inverse relationship between
age and basic mathematics performance existed. However, no statistical data were
provided and details regarding the methodology and measurement used in this

study were nonexistani. More recently, Kapborg (1995) reported an inverse
relationship between age and mathematics scores for a sample of 975 Swedish

nursing students. However, the absence of statistical data and the clifferences in
basic education and nursing program designs between Sweden and North Amerka,
make it diffidt to place Kapborg's (1995)findings in perspective. In contrast,
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McCann-Flynn and Moore (1990) found a sigrtificant positive relationship between
age and scores on a medication test (r=.36, p<.01) for 64 baccalaureate nursing
students. It is noted that these findings concur with those found in the literature
describing increased age as a positive infLuence on achievement (Higgs, 1984; Oliver,
1985) in a nursing program.

Age was found to not influence basic mathematics and drug calculation skills
for students in other studies using samples of 44 (Segatore, Edge, & Miller, 1993),
and 355 nursing students (Chenger, Conklin, Hirst, Reimer, & Watson, 1988).
However, these studies lacked detail with regard to methodology and
measurement; therefore, cornparisons between these and other studies are ciifficuit.
Overaii, the predictive ability of age in relation to caiculation ability remains
ambiguous.
(dl A m d e Towards Mathematics

McCann-Fîynn and Moore (1990)examined the predictive ability of
mathematics attitude for drug calculation skills for female baccalaureate nursing
students. Attitude was measured by using the Nurses' Math Attitude Questionnaire
developed by Aiken and Dreger (1961). This is a 30-item, 7-point Likert-type scale
that produced a reliability coefficient alpha of .95 for this sample of 64 students.
Calculation ability was determined by a 20-item medication and intravenous test
which achieved an alpha of 32. Multiple regression analysis revealed that math
attitude created significant variance in test scores (F=4.55,pc.01).
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Math attitude was ais0 found to correlate positively with basic math skills for
355 students, although no statistical data to substantiate this claim were reported
(Chenger, ConWin, Hirst, Reimer, & Watson, 1988). These results and the findings
reported above, are in keeping with those suggested in the education literature
regarding the relationship between math attitude and math performance
(Armstrong & Price, 1982; Sherman, 1979). However, although mathematics
attitude has shown the greatest consistency in predictive ability, attitude is not a
variable that is usually considered during the admissions çelection process.
le) Other Nonacademic Predictors
The most helpful study found in the nursing literature regarding predictors
of nursing students' mathematics performance was the one conducted by McCann-

Flynn and Moore (1990). In addition to studying the variables of age, gender, math
attitude, GPA, and number of math courses as reported above, the authors &O
examined the predictive ability of ptevious degrees and prior health care
experience. Although it was found these two variables had contributed to overail
GPA achievement in previous work (Allen,Higgs, & Holloway, 1988; Higgs, 1984;

Oliver, 1985), McCann-Flynn and Moore (2990) did not find this same effect on
medication test scores of nursing students. Therefore, conclusions regarding the
significance of prior nursing experience and attainment of a previous degree in
predicting calculation ability are difficult to make.

Overall, this study clearly reported the methods used to investigate the

research questions which aimed to determine the relationships between these
predictor variables and scores on a medication calculation test. No significant

weaknesses of this sbdy were found, except the sample size of 64 could be
considered smaU in relation to the number of variables included in the investigation.

Clearly, the literature addressing the relationships between typical academic

and nonacademic admission criteria and calculation ability is limited. Adding to the
deficit in this area is the use ofsmall sample sizes like 44 (Segatore,Edge, & W e r ,
1993)and 64 (McCann-Flynn & Moore, 1990) to examine a number of different
variables. Also, these shidies la& detail (Chenger, Conkiin, Hirst, Reimer, &
Watson, 1988; Dexter & Applegate, 1980; Segatore et al., 1993), making any
judgements or generalizatiom unwise. Except for one study (McCann-Flynn &
Moore, 1990),little direction in t e m s of variable definition or methodology is
gained from this literature. Finally, the findings in this area of study continue to be
murky, even after cornparisons to other areas of study are made.
2.5 Chapter Summary

A review of the literature supports the view that nursing students possess

weak mathematical and drug cdculation skills. Concerns were raised regardkg test
construction and the reliability of instruments used to measure mathematical
competency. It was &O noted the use of smail convenience samples limited the

ability to generalize the findings beyond the parameters of the studies in this area.
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An abundance of research on predictors of success in nursing programs was

found in the nursing literaîure. However, numerous variables and inconclusive
findings made a synthesis of this literature challenging. It was determined that,
generaily, cognitive or academic predictors, rather than non-cognitive variables,
were more predictive of success. Analysis of the data in these studies was complex
and the use of advanced statistical procedures for relatively small samples was
questionable.
Those studying factors influencing calculation ability, such as math anxiety,
learning styles, and calculator use, offered insight into possible sources of variance
in math performance. The research in this area came primarily from the disciplines

of education and psychology, with some from the nursing literature. Researchers
demonstrated that while these factors may play a role in how students perform
mathematically, the nature of this influence remains unclear.
In closing, and perhaps most noteworthy, research addressing the

relationships between academic and nonacademic criteria and calculation abilities of
nursing students was strikingly lacking in the literature. Findings related to the
predictive power of typical admission criteria were inconclusive and were based on
research with significant methodological limitations.
The task of identifying patterns in the literature is not easy. While it is clear
that student nurses do not possess the calculation skills necessary to practise safely,
it is not so clear how to predict which students are likely to succeed or fail in this
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area of cornpetence. Admissions cornmittees are charged with the duty to identify
students with the greatest potential to excel in nursing. The ability to calcuiate drug
dosages correctly is a critical component of overail success in nursing education and
practice. Faculties and students would also benefit from the knowledge gained by
exarnining predictors of caldation skill. The detection of students Ltkely to
experience difficulty could be made early and the appropriate remediation could be
put in place to assist students at risk for acadernic or clinical jeopardy.

Chapter T h e : Methodology
3.0 Research Design

This study was conducted using a nonexperimental, descriptive
correlational design. A correlationai design was chosen for several reasons. First, in
the correIational survey, two or more variables are measured as they exist in the
population and their relationships are analyzed on the basis of a conceptual
framework (Wood & Brink, 1989). Although correlational designs Vary greatly in
the strength of the framework, it is important to have a theoretical foundation for
suggesting potential explanations for the possible relationships among the variables

(Wood & Brink, 1989). The Mode1for the Study of Prediction of Success in Nursing
Education and Nursing Practice (Higgs, 1984) provided the theoretical foundation
for the variables in this study.

Second, a correlational design acknowledges the inability of the researcher to
manipulate the independent variables or randomly assign subjects to groups (Polit
& Hungler, 1991). Since it would have been ethicdy unwise to manipulate

admission criteria without sound research to validale this manoeuvre, it was
appropriate to use a design that was nonexperimental. Therefore, one does not
intend to infer cause-and-effect relationships when using a descriptive correlational
design,,but rather describe the relationships among variables (Polit & Hungler,

1991). A h , the subjects in this study were recnrited as a convenience sample in an
attempt to obtain a reasonabk size for statistical analysis. It would have been
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diffidt to randomly select subjects for this study because students had already

been chosen through the admission process of the nursing program.
Third, correlational research is an efficient way of collecting a large amount
of data in a relatively short amount of üme Wood & Brink, 1989). Also, crosssectional data collection and correlational analysis allowed the ùivestigator to
develop a description of the student nurse population based on data collected from

the instruments to s w e y and test nursing students. A survey design was chosen,
as opposed to a retrospective approach, because access to student records was
found to be problematic.
Fourth, a correlational design c m be used to determine if there is empirical
evidence to support the development of a conceptual mode1 in an area that has been
undershidied (Wood & Brink, 1989).Thiç study provided unique information that
was helpful for the development of the Mode1 by Higgs (1984) in the pre-nursing
major and nursing major categories. In this regard, the design chosen for this study
helped to illuminate new, and support previous, relationships in areas that had
othenvise received little attention in the research.

The descriptive correlational approach has the disadvantage of the researcher
being unable to control the extraneous variables in order to determine the true
nature of the relationships between variables under investigation (Polit & Hungler,
1991). For example, other unstudied characteristics of nursing students, such as

mathematics anxiety and job experience, may be influentid in how students score
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on the calculation tests. These factors cannot be controlied for unless they are
identified and buiit into the design.

The inability to select a random sample of students from the total population
was another limitation to the design chosen for this study. Although the best
sample for a correlational study is a large random samph of the population (Wood
& Brink, 19891,obtaining a random sample for this study would have been difficult

due to time and financial constraints. While the population for this study was
defined as all second-year nursing students enrolled in a four-year baccalaureate
nursing program in Manitoba, generalization of the results £rom this study beyond
the types of students which comprised the sample was, therefore, not a goal of this
sîudy.
Causal relationships cannot be suggested by the use of a descriptive
correlational design since the assumptions of a controlled experimental design are
violated with this approach (Wood & Brink, 1989). Therefore, the findings of
correlational research are not as convincing and require confirmation through such
approaches as replication (Polit & Hungler, 1991).
3.1 Procedures

This study ùicluded the collection of data related to demographic
characteristics, preentrance academic stahis, and calculation ability of
baccalaureate nursing students. Demographic characteristics and preentrance
academic status data were compared to calculation ability measures for second year

nursing students enrolled in the second term of the undergraduate baccalaureate
nursing program offered by the University of Manitoba. The procedures used to
address the research questions involved (a) identification of demographic
characteristics, (b) identification of pre-entrance academic status variables,
(c) collection of data on these demographic and academic variables,

(dl determination of measurable indicators of calcuiation ability, (e)collection of
data on these indicators, and (el statistical analysis of the data collected on the
demographic and academic variables, and indicators of calculation ability.
Data collection on the independent variables, those king the dernographic
characteristics and academic status variables, was conducted through the use of the
Demographic and Academic Status Questionnaire designed for this study (see
Appendix 1). Demographic characteristics of nursing students in this study included
the foilowing variables: site of attendance of the nursing program, age of the
student at the t h e of the study, marital status, number of years since high school
graduation, location of high school attendance, type of student when admitted to
the program, previous education, and completion of a Statistics, Caiculus, or
Algebra course. Academic status of nursing students included grades achieved in
the pre-entrance admission criteria courses of Mathematics, English, and Science, as
well as the students' cumulative Grade Point Average (GPA).
Data collection on the dependent variable, calculation ability, was achieved

by using the Mathematics and h

g Calcuiation Test, aiso developed for this study
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(see Appendix Ml. Calculation abiüty was comprised of scores obtained on the
Mathematics and Drug Calculation Test which included a Basic Mathematics
Section (20questions) and a Drug Calculation Section (20 questions). Total scores
were then obtained by combining Section scores for a total of 40 possible marks.

Instruments,
It is important to use instruments that are reflective of the variables identified
in the conceptual framework for the study (Wood & Brink, 1989) and that are

considered logical extensions of the literature in the area. That is, the reason for
using parti&

tools to measure certain conshucts and concepts should be clear

and obvious. The instruments used in this study reflect selected variables identified
in the conceptual framework by Higgs (1984) as weii as the supporting literature.

From this perspective, tools were developed or adapted to measure the vanabIes
identified in the research questions.

The Washington Mathematics Test for Nwsing, developed by Bindler and
Bayne (1984), includes 65 items related to symbols and words, computation of whole
numbers, fractions, decimals, ratios, and word problems. This instrument has been

used extensively with different student groups between 1979 and 1983(Bindler &
Bayne, 2984). However, the authors have not reported the reliability coefficient for
this tool. Students were dowed two hours to write this test and were required to
achieve an 80%grade to be considered successful. Calculators were not dowed. A
copy of this tool is f o n d in Appendix K.
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The Bayne-Bindler Medication Calculation Test (Bayne & Bindler, 1988)is a
20 item fill in the blank examination which was constructed by the researchers to

evaluate the calculation ski11of practiçing nurses working on general nursing units.
Of the 20 questions, 10 relate to oral medications, four to subcutaneous or
intramuscular medications, and six to intravenous drugs. Nurses were given one
hour to write this test. This instrument has been pilot tested with 70 baccalaureate

nursing students one month prior to graduation (Bayne 6r Bindler, 1988). Content
validity was established by a panel of three nursing experts, and by a review of

pharmacology and nursing literature. Reliability of 0.82 was established by an oddeven split half test upon administration to a population of 62 registered nurses
(Bayne-Bindler, 1988). A copy of this instrument is f o n d in Appendix L.
The previous two instruments provided the foundation for the Mathematics

and M

g Calculation Test developed for this study. Permission to make

modifications to both tools was received from the authors. The first tool, which is
quite lengthy, has 65 items. It also contains items related to the Amerîcan
measurement system (grains)which is not suitable for Canadian testhg purposes.
The second tool contains items related to subcutaneouç. intramuscular, and

intravenous drugs. However, at the üme of this shidy, students had not had the
opportunity to study theory related to the cdculation of these forms of dnigs.
Therefore, an adapted modified forrn of these two instruments was developed
(Mathematics and Dnig Calculation Test) and can be found in Appendix M.
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The Mathematics and Drug Calculation Test consisted of two sections. The
Basic Mathematics Section was comprised of 20 questions that included addition,
subtraction, multiplication, division, decimais, fractions, ratio and proportions, and
four word questions. The Drug Calculation Section focused on word problems that
involved oral drug calculations of both tablet and solution types.
Reliability levels for the Mathematics and Drug Calculation Test as measured
by Cronbach's alpha coefficient (Cronbach, 1984) were established as follows: (a) the
internal consistency reiiability coefficient for the Basic Mathematics Section (BMS)
was .65, (b)internal consistency reliability coefficient for the Dnig Calculation
Section (DCS) was -77, and (c) the internai consistency reliability coefficient for the
Total Test was .88. Additionally, reliability correlation coefficients of the "subscales"
(BMS and DCS) between each other and compared to the Total Test were as follows:

(a) BMS and DCS = .55, (b) B M S to Total = 86, and (c) DCS to Total = .90. These
coefficients suggest that, although each Section had an acceptable level of reliability
(.65 and 77)for relatively immature instruments (Nunndy, 19781,there was only a
moderate relationship between the BMS and the DCS (.55)in terms of measuring
the construct of calculation abiiity. However, the Drug Caiculation Section

appeared to be the most reliable measure of the two. Both Sections correlated weli
to the Total (.86 and .go), suggesüng they were both relatively predictive of how
students would perform overail and therefore, can be considered valuable
measures in determinïng caïcdation abilify. Ako, the reliability coefficient for the
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Total Test (.a$) indicates that the Mathematics and Dmg Calculation Test can be
considered a reliable tool for measuring the calculation ability of students in this
sample.
Pilot Test
Validity of the Demographic and Academic Status Questionnaire and
Mathematics and Dmg Calculation Test developed for this study was estabiished by
conducting a pilot test of the instruments. Both instruments were administered to a
g-roup of 11 baccalaureate nursing students who were not a part of the study sample
(attended the Brandon General Hospital Site). Since none of the second year
nursing students at this site agreed to participate in the pilot test after three
attempts, the investigator secured participation from the first year students.
Students were asked to complete the instruments under the same conditions that
were designed for the study. Foilowing administration, students were asked to
identify any problems they had completing the Questionnaire and Calculation Test
and to make suggestions for improvement (see Appendix N).
Lynn (1986) recommends that a review of items by a minimum of three
experts be used to establiçh validity of an instrument. Therefore, as part of the pilot
test, the Mathematics and Drug Calculation Test was reviewed for content and
criterion-related validity by three faculty members in the Baccalaureate nursing
program. The faculty choçen for this task had extensive experience in the area of
testing mathematics and dmg calculation competency of nursing students. The
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structured procedure for the evaluation of this tool by facdty is found in Appendix
O. Comments by students and f a d t y were then reviewed and suggestions for

revision were incorporated into the final instruments used for the study.
Because the investigator was a Faculty member at the Brandon General
Hospital site, the pilot test was conducted by a paid Research Assistant. The
Research Assistant was orïentated to the shidy and was given a script of instructions
to follow. The script was created to keep the procedures used by the Research
Assistant consistent with the procedures used by the investigator during the study
(see Appendix G).

3.2 Setting

This study occurred within the generic Baccalaureate in Nursing Program
offered by the University of Manitoba. Locations of the study included the sites of
the Fort Garry Campus and St. Boniface Hospital. This setting was chosen for the
s h d y because it was the only generic baccalaureate in nursing program in
Manitoba. The Health Sciences Centre site was not selected to be part of the sample
because no second year students attended this site during the 1995- 96 academic

year. Also, the Brandon General Hospital site was excluded from the study sample
since the second year students attending this site, at the time of data collection, had
been admitted into the Faculty of Nursing under special circumstances. That is,
most of this group had not completed the entrance requirements and were being
ailowed to complete them concurrently with their second year studies.
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The University of Manitoba Faculty of Nursing currently requires that
students applying to enter the four-year degree program meet certain admission
criteria. High school applicants are required to have no less than 60% (Grade C)in
English 300, Mathematics 300, and Chemistry or Physics 300 at the Grade 12 ievel,
with an overall63% average. Transfer students, or students who have completed

some pnor university course work in another f a d t y , are required to have a
minimum cumulative grade point average of "C", and have a "Cuin a 100-level

English and 100-level Chemïstry or Physics course.
3.3 Sample

The population, from which the sample was selected, was defined as ali
second-year nursing students enrolled in a generic baccalaureate nursing program
in Manitoba. The convenience sample for this study was comprised of aIl

consenting nursing students attending the second year of the University of
Manitoba Baccalaureate in Nursing Program in the 1995 - 1996 academic year,

drawn from the Fort Garry Campus and St. Boniface sites. The total number of
second year students, from these two sites, that could have participated was 107. A
convenience sample was appropriate for this study since it allowed all those
students who wished to participate the opportunity to do so, thereby increasing the
potential to recruit a larger sample size.

The students involved in this study uiduded those who had entered the
program directly from high school and those who had entered after having
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completed some previous university courses (transfer students). These two criteria
for inclusion did not exclude any second-year student in this program from
participating, according to current admission standards. Students attending the
second year of the program were selected for the sample because of the way in
which the mathematics and drug caldation theory had been scheduled in the
nursing program. That is, for the academic year of 1995 - 96, the basic mathematics
content was covered in the first term of second year and h g dosage calculation
content was covered in the second term of second year. No other exposure to this
content occurred before this tirne. The investigator beiieved that to fairly test these

two types of sicills (basic math and drug calculations), that students needed the
opportwiity to Iearn content related to these skills before being tested in the study.
Therefore, students were approached to participate, and subsequently tested, in the
latter part of second term.
For this study, it was recomrnended that the sample size be no fewer than 100
subjects (J. Sloan, personal communication, January 24,1995). It was hoped that a
good majority of the 107 students studying in the second year of the program, for
1995 - 1996, would agree to participate in the study. This would enhance the ability
to obtain an acceptable sample s u e of a heterogeneous nature. Given this, the issue
of representativeness, a type of external validity, would be addressed by using most
of the students enrolied in the program at that time. Unfortunately, it was not
possible to recruit 100 students and, in fact, the size of the sample was 33.

3.4 Data Collection

Data collection on the demographic characteristics and academic status
variables was done by having the student nurses complete the Demographic and
Academic Status Questionnaire developed for this study (see Appendix 0.
Responses from the Questionnaire were recorded according to the vaIue tags
identified in the Data Dictionary (see Appendix J). Calculation skills were measured

by having the students complete the Mathematics and Drug Caldation Test. The
data collection process was completed by the investigator without the use of
assistants.

IwQ.&
Random error refers to random infiuences that tend to make measurements
differ from tirne to time or cause variations in performance from item to item on a
single measure (Nunnally, 1978). Environmental and temporary subject fluctuations
can act to create sources of random error during a data collection session, thereby

influencing how subjects will score on an instrument. Therefore, it is necessary to
make every effortto minimize the effects of random error so that mesures are
consistent and stable, and reliability is enhanced (Zeller & Carmines, 1980).
Controiiing for random error was attempted by following a protocoi in the
administration of the instruments to the students.
a) Tirne - Since not all students attended the same site, separate data
collection sessions were needed for each site. With the assistance of course leaders,

a time convenient for the student groups at each site was arranged in order to
administer the Demographic and Academic Status Questionnaire and Mathematics
and h

g Calculation Test.
The first data collection session took place at the St. Boniface site. Three

factors were noted that contributed to difficulty in data collection at thiç site. Firçt,
the investigator was late arriving from Brandon due to car trouble on the highway.
It is possible that students who wanted to participate left the testing area because

the investigator was not present at the time data collection was to begin. Second,

students reported feeling very ove-whelmedwith their course work and that
participatirtg in a study was not a priority for them. It is possible that more students

would have agreed to participate if the data collection had taken place at a time
other than just prior to final exams. And finally, another data collection session was
organized for the following week in an attempt to capture more students. However,

due to workload pressures, this additional session yielded only 3 more students
from the St. Boniface site who were willing to participate.

Similar workload pressures were reported by students at the Fort Garry site.
It was additionally difficult to interest the students at the Fort Gany site to
participate. Data collection at this site was sdieduled to occur after the writing of an

inilass test when it was suggested that a l l students would be present. However,
without prior notice to the investigator, the course leader delivering the in-class test
decided to have the students complete multiple course evduation forms which
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significantly delayed the commencement of the data collection session. By the tirne

the investigator was able to start data collection, severd students had lost interest in
participating in the study.
Art element of time constraint is necessary in order to simulate the pressure

one experiences in a clinical setting while addistering medications Within the
literature, however, the effect of t h e limits during test-taking is not weU addressed.

Foiiowing the hdings from the pilot test, sufficîent time was manged for the
students to complete both tools. All students were able to complete both
instruments within the allotted seventy-five minutes. This was the case for students
at both sites.

b) Environment - Temperature, lighting, and noise control were important
considerations during administration of the instruments. Arranging for cornfortable
seating and adequate space was also important. The investigator was able to use
rooms at both sites which allowed for adequate light, space, and cornfortable room
temperature. However, at the St. Boniface site, the investigator noted that
throughout the data collection session, a continuous c l i c h g noise (from the heating
system) could be heard in the testing room. It is possible that this distraction could
have interfered with the students' level of concentration during data collection.
C)

Calculators - The literature suggests mathematical and problem-solving

skills are influenced both positively and negatively (respectively)by the use of
calcdators (Koop, 1982; Szeteia, 2982; Shockley, McGurn, Gunning, Gravely, &
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Tillotson, 1989). Bindler and Bayne (2984) did not d o w student nurses to use
calculators while writing the Washington Mathematics Test for Nursing during their
series of studies between 1979 and 1983. This decision was based on the belief that
calculators were not always available to practicing nurses and that an
understanding of how to perform basic computation without caldator assistance is
necessary for nurses. In c o n p e n c e with these positions, cdculators were not
aiiowed in this shidy.
d) Delivery - The investigator chose to conduct di the orientation and data
collection sessions to maintain consistency in providing instructions and direction to
the students. Questions raised during the sessions were handled in a similar
manner by the researcher. All testing sessions were completed before any analysis
took place. This provision ensured there were no changes in protocol between
groups that might influence the delivery of subsequent sessions and, therefore,
influence the subjects' answers. However, a potential source of systematic error
that could not be controlled would be the possibility of differences, between sites, in
teaching strategies and content with regard to basic math and drug calculation
theory. Such differences could have contributed to variations in how students
performed on the calculation test.
3.5 Ethical Considerations

Ethical approval from the Ethicd Reviw Cornmittee of the Faculty of
Nursing, University of Manitoba, was received prior to proceeding with the study

(see Appendix Pl. Upon ethical approval from thiscommittee, a letter requesting
access to student nurses at Brandon General Hospital (for the pilot study),St.
Boniface General Hospital, and Fort Garry Campus was submitted to the respective
Directors of the Prograrns (see Appendix Q). Permission to proceed with the study
at these sites was obtained (see Appendix RI.
Orientation sessions for the pilot study and research study were advertised at
each site. During the initial orientation sessions, a full and detailed description of
the study was provided to the students by way of an Invitation Letter (see
Appendix C and D), enabling them to make an informed decision about their desire
to participate- Ethical considerations of the study were discussed. Students who
wished to participate were asked to return to a data collection session and to sign a
consent form at that time (see Appendix E and F). This allowed the students time to
decide if they wished to participate and the opportunity to contact the investigator
with additional questions or concems. Friendly reminders about the date, tirne, and
location of the impending data coilection sessions were advertised. A copy of the
consent form was provided to each participating student at the time of data
collection.
The issues of voluntary consent, anonyrnity, confidentiality, and risks and
benefits to subjects were addressed during the orientation sessions and were
addressed in the consent form. Students were assured that their decision to
participate or not participate would not jeopardize their progress in the nursing
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program and that their scores would not be shared with the administrators of the
program. Students were given the opportunity to have their calculation test scores
rehuned to them for self-assessrnent purposes.
Code names (mother's maiden narne) were used to correlate responses
between instruments. Confidentialityof these narnes was maintained by assigning
each student an identification number and keeping the corresponding list of
numbers on a separate sheet in a locked cabinet. AU data collection sheets were
stored in a locked cabinet in a separate location. Data were available oniy to the
researcher, the researcher's advisors, and a statistician during the course of the
study. Since the internai member of the researcher's Thesis Cornmittee is invoived
in the administration of the U of M Baccalaureate in Nursing Program, this member
had access only to group data that were coded, rather than individuai test papers
with the student code names identified.

Analysis of the data was described in a global sense to protect the identity of
the subjects. As well, given the small number of male students in the sample, all

students were referred to in the fernale gender to protect anonymity of male
participants. The data collection sheets will not be destroyed for seven to ten years

(MRC, 1993). During this tirne, permanent storage of ail such documents will be at
the investigator's home in a locked cabinet. After the proper t h e , these documents

will be destroyed by a paper shredder.
Since the researcher is employed by the Brandon General Hospital site, the
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issue ofbias and insider statu was addressed. It was imperative the researcher be
clear with the students that their participation was entireIy voluntary. No
measures of coercion to participate were used. A research assistant was hired to
conduct the orientation and data collection session for the pilot test at the Brandon
General Hospital site so the element of coercion was avoided. Once students at this
site consented to participate, the research assistant administered the instruments
according to the established protocol (see Appendix G). Responses from these
subjects were treated in the same manner as those from the two study sites. The
researcher had access to the subjects' code names and was obligated to keep this
information confidentid and separate from her role as an inshctor at the Brandon
General Hospital site.
3.6 Data Analysis

Statistical andysis of the collected data was completed through the use of the
Statistical Package for the Social Sciences (SPSS) 6.1.3 Graduate Pack (SPSS, 1993).

AU data were coded and entered into the computer. Responses obtained on the
Dernographic and Academic Status Questionnaire were used to reflect the
demographic (Research Question #l)and academic (Research Question #2)
characteristics (grades obtained for the University of Manitoba admission
requirements) for second year nursing students in the Baccalaureate Nwçing
Program. Caldation ability of nwçing students (Research Questions # 1 and 2) was
determined by calcdating percentage of correct and incorrect responses to
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questions on the Mathematics and Drug Calculation Test. Scores were obtained for
the Basic Mathematics Section (BMS;20 marks), Drug Calculation Section (DCS; 20

marks), and for the Total test overall(40 marks).
Ali original data were c o k t e d without consideration to grouping categories

of responses. However, an exploration of the distriiution of variables led to the
decision to categorize the responses to certain demographic and academic
questions. When responses were both quite dispersed and appeared to have obvious
clustering of responses, such as for age and years since graduation from high school

variables, it seemed logical to consider andyzing particular variables in both their
continuous and categorical forms. Also, for some variables, di response options
were not utilized, such as the marital status and previous education variables.
Therefore, it seemed reasonable to coUapse some of the options for these variables.

This allowed the investigator to analyze the data in different ways and enhanced the
abiiity to detect differences between groups based on larger combined responses.
The Data Dictionary, including original variables (Research Question 1and 2),
added variables arising from pilot study faculty review, and recoded and regrouped
variables is found in Appendix G.
Reliability estimates of the Mathematics and Drug Calculation Test were
obtained as measured by the Cronbach's alpha coefficient (Cronbach, 1970).

Separate alpha coefficients were calculated for the Basic Mathematics section (BMS)
(.6540), Dnig Calculation section (DCS) (7729, and for the Total test (-8817)-
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Correlations between the two "subscdes"(BMS and DCS) (.5498) and between the
subscales and the Total (BMS = -8571;DCS = .9016) were measured also as discussed
earlier in this Chapter in the "Instruments"section.
Univariate descriptive procedures were performed including means,
standard deviations, modes, ranges, frequencies, and percentages for aU variables.
One subject was identified as an outlier from this anaiysis. This subject outlier was
notably different in the areas of age and number of years since graduation from high

school as she was older than others in the sample. Removal of the subject outlier
did not significantly alter the results and therefore this subject was Ieft in the data

set for all data analysis.
Correlation coefficients were calculated to describe the relationships between
two variables (Polit & Hungler, 2991).The correlations provided information on the
strength and direction of the relationships between variables. Correlation
coefficients of less than .3 were considered weak, between .3 and .5 were considered
moderate, and those greater than .5 were considered strong.

The most commody used correlation coefficient is the Pearson's product
moment correlation coefficient (Conover, 1980). However, appropriate use of this
test assumes that the variables are normally distributed. Since none of the variables
in the data set met this criteria, nonpararnetric Spearman's rho correlations were
calcdated on those variables measured on intemal and ordinal scales (Polit &

Hungler, 1991).Spearman's rho was used for the foliowing independent variables:

(a) age ("age"),

(b) nwnber of years since graduation from high school ("grad),
(c)pre-admission Mathematics grade ("math recoded),

(dl pre-admission English grade VEnglish coilapsed & recoded),
(el pre-admission Science grade ("science"cdapsed & recoded), and
(f) cumulative Grade Point Average ("GPArecoded).

These variables were compared with the three dependent variables including Basic

Mathematics score, Drug Calculation score, and Total score.
Non parametric t-tests were applied to those independent variables

measured on a nominal scale and for which dependent variabIes did not follow a
normal distribution (Polit & Hungler, 1991).The Mann-WhitneyU test is a

nonparametric procedure for testing the difference between two independent
groups when the dependent variable is measured on an ordinal scale Polit &

Hungler, 1991).This test was used to determine the difference in Basic Mathematics
scores, Drug Calculation scores, and Total scores when compared by levels of the

following variables:
(a) site of attendance of nusing program ("site"),

(b) age group ("agegrp"),
(c) marital status C'marstatY),

(d) place of high school attendance ("Grl2a" and "Gr12bn),
(e) type of student ("type"),and
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(0whether or not the student had taken Statistics, Calculus, or Algebra prior
to the study ("Stats", "Calculus","Algebra").
When the number of groups is greater than two and a test for independent
groups is desired, one may use the Kruskall-Wallis test (Polit & Hungler, 1991). Thk
nonparamehic test was used to examine the difference with respect to two of the
variables in the data set:
(a) number of years since graduation from high school ("gradhs"),and
(b) types of previous education ("prevedu").
As with the correlation coefficient tests, al1 independent variables used in the

Mann-Whitney U and Kruskall-Wallis tests were analyzed with respect to the three
dependent variables.
Some variabIes were analyzed by using both a correlation coefficient

(Spearman's rho) and a nonparametric test for group differences. Original data
were collected without being placed in discrete groups and, therefore, were first

analyzed by using a correlation coefficient test. Later, based on a review of the
frequency distri'butions of the data, some variables were recoded, grouped into
categories of responses ( s e Appendix G), and subjected to nonparametic testing ol
differences between independent groups. Variables that underwent analysis by
these two methods include the following:
(a) "age / agegrp", and
(b) "grad / gradhs".
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The research proposai suggested the use of inferential statistics, such as the

ANOVA and multiple iinear regression, might be appropriate for data measured on

inierval and ratio scales. These procedures require the data to be normaily
distributed and drawn from a probability sample (Wood & Brink, 1989).Since this
data set did not meet these specifications, the use of these inferential statistics was
not considered foi th& study. The s

d sample size (n= 33) &O contributed to the

decision not to perform more sophisticated statistical tests on the data set.

P - values (significance values) were calcuiated for each statistical procedure.
The investigator took advantage of the ability of the SPSS program to calculate
actual p - values, rather than simply relying on assessixtg significance by comparing
strength of evidence to a pre-determined alpha level(.05 or .W. This d o w e d the
investigafor to decide which results would be considered statisticallysignificant
based on a wider range of p - values. Decisions regarding significance and
accompanying individuai p - values are provided in the foilowing Chapter on
Resutts.
3.7 Summary of Chapter

This chapter provided a review of the research design, procedures, setting,

sample, and data collection methods used in this study. Ethical considerations were
addressed and data analysis procedures implemented in this study were outlined.

Chapter Four: Results
40 Sample

..

Dernomaphic C h a r a c t e ~ t m ,
Data were coiiected on 33 subjects. The average age of the subjects was 24
years with the range king 19 to 49 years (SD= 6.434)- However, most subjects were

clearly younger than 24 yeas of age (see Figure 1).

Age of Studant at Time of Study
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More subjects in the sample attended the St. Boniface site (St. B.) (n=21;
63.6%)than the Fort Garry (FG)site (n=12;36.4%)of the undergraduate nursing

program (SD = .489).Over 80%of the subjects were singIe or separated (n=27; 81.8%;
SD = .392). Data on gender were not collected since the literature suggests that the
number of males in most sarnples related to nursing is too small for meaningfd
analysis (Chenger, et al., 1988; McCann-Hynn & Moore, 1990; Segatore, et al., 1993).
Almost equal numbers of subjects were admitted into the nursing program as either
a high school student (n=16; 48.5%) or transfer student(n=17; 51.5%) (SD= .508)(see
Table 1).

Table 1

Site Attended. Marital S t a u d Type of Student
-

-

n = 33

Marital Status

Site

Frequency

Type of Student

St. B.

FG

21

12

27

6

17

16

36.4

81.8

18.2

51.5

48.5

Percentage 63.6

Single

Married

Transfer High School

The mean number of years since graduation from high schwl was 6.6 years
with the range being 2 to 30 years (SD = 6.W). However, most subjects had
graduated from high school within the past 4 years (see Figure 2).

Figure 2
76-

- -

-

I

Number of Years Since Graduated from High School

Over half of the subjects had attended high school in an urban centre (n=l8;
54.5%) and primarily in Manitoba (n=28; 84.8%) (SD= -494 and .344 respectively)
(see Table 2).

Table 2

Place of H i ~ hSchml Attendance

High School

n = 33

Urban

Rural

Manitoba

Not Manitoba

Frequency

18

11

28

5

Percentage

54.5

33.3

84.8

15.2

Note: Values for urban and m a l categories do not equal n = 33 or 200% since there

were 4 (122%)missing responses.

Over 36%(n=12)of the subjects reported having no previous post secondary
education prior to coming into the nursing program (36.4%; SD = 23.25). As
mentioned in Chapter 3, Methodology, Data Analysis section, the previous
education variable was recoded based on the finding that subjects did not require
several of the response categories. The final range of responses determined for this

variable were as follows: (a) none, (b) some related electives (arts, sciences courses),
(c) some non-related electives (education,physical education, Bible study, nurse's

aide program), and (d) previous degree (Bahelors or Masters).
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Given the new categories for previous education,most subjects indicated
they had taken no postsecondary education prior to nursing (n=12;36.4%),and
equal numbers of subjects indicated they had taken some related elective courses
(n=6;18.2%)and non-related elective courses (n=6; 18.2%). Surprisingly, 21.2% (n=7)

of the subjects reported they had obtained a previous degree prier to entering the
nwsing program, one being at the Master's level (SD = 1.21)(see Table 3).

Table 3
Post-çecondarv).~

pqg=m

Prior Education

21133

None

Some Related Electives Some Non-Related Electives Degree

Frequency

12

6

Percentage

36.4

18.2

Note: Frequencies and percentages do not equal n = 33 (100%)since there were two

non-responses.

Subjects were &O asked to indicate if they had taken any other university

level mathematics-related courses prior to the study. Several (n=23;69.7%) reported
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they had taken a Statistics course, while a Calculus course (n=7;21.2%)or Aigebra
course (n-3; 9.1%) was taken less hequently (SD= -467, .415, and .292 respectively)
(see Table 4).

Table 4
g

v

n = 33

Calculus

Statistics

Stats

Algebra

No Stats Calculus No Calculus Algebra No Algebra

Frequency

23

10

7

26

3

30

Percentage

69.7

30.3

21-2

78.8

9.1

90.9

..

Academic Charactenstics.
Academic characteristicswere described in ternis of frequency distributions
of grades for the F a d t y of Nursing pre-admission criteria. Although subjects had
the choice to indicate their grades in either the high school (eg., English 300,405) or
transfer student kg., English 100 level) category, whichever was relevant to their
situation, there were inconsistencies between these responses and those made
earlier in the Questionnaire. Some subjects indicated they were "high schml
students': in response to the question asking the type of student they were when
they entered the nursing program, yet marked their pre-admission grades at the
university (transfer student) level, and visa versa. Therefore, when entering the data

into the SP5S program, the investigator decided not to distinguish between
pre-admission 300,4ûS, or 100leveL (university)courses. Also, insufficient numbers
of subjects reported grades in Physics to make analysis of differences between

Chemistry and Physics meanin@.

Thus, frequencies of grades were run in the

general areas of pre-admission Mathematics, Engiish, and Science grades, and

cumulative Grade Point Average (GPA). When subjects recorded grades in both
Chemistry and Physics in the area of pre-admission Science grade, only the higher
grade was recorded (see Appendix G, Data Dictionary).
Grades in pre-admission Mathematics, Science, and Engliçh ranged h-om A+
to C. Average pre-admission Mathematics grade was B+, English was B+, and
Science was B. Average cumulativeGPA was B with GPAs ranging from A to C.

Generally speaking, subjects in this data set could be described as '5"
students upon
entering the nursing program (see Figures 3,4,5, and 6; Table 5). These letter
grades reflect those used by the Faculty of Nursing and are descriid in Table 5.

Table 5

Profile of Grades in Pre-admission Criteria

Math (n = 30) English (n = 33)

5cience (n = 32)

GPA (n= 33)

B

Mean

B+

B+

B

Mode

A (n=7)

A (n = II)

B+ (n = 12)

B (n=ll)

B (n=7)

Range

A+ to C

A+ to C

A+ to C

A to C

SD

1.660

2.376

1.362

1.091

......,...*......\..,.~...,.,.....................,.....,.,.......,....,...,................,..............
Note: The foilowing ranges were used as determined by the Faculty of Nursing:
Grades:

A+ = 91 - 100%

GPA:

A+ = 4.25 - 4.50

A =80-90%

A = 3.75 -4.24

B+ = 75 -79%

B+ = 3.25 - 3.74

B =70-74%

B = 2.75 - 3.24

C+ = 65 - 69%

Ct = 2.25 - 2.74

C =a-64%

C = 2.00 - 2.24

Figure 3
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A+

Preadmission Mathematics Grade

Figure 4

Preadmission English Grade

Figure 5
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Missing

Preadmission Science Grade

Figure 6

Cumulative Grade Point Average
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Calculation Abilitu,
Calculation ability was determined by recording the number of correct and
incorrect answers on the Mathematics and h

g Calculation Test developed for this

study. This test ïncluded a Basic Mathematics section (BMS) (20items) and a Dmg
Calculation section (DCS) (20 items), and when combined, became the Total Score.
Scores on the BMS ranged from 50%to 100% (10/20 to 20/20)with a mean

score of 75% (15/20)(mode = 14, SD = 2.751). AU subjects achieved 50% or higher,

60.6% achieved 75%or more, and only 27.2% of the subjects earned 90% or better on
this part of the test (see Table 6).Two subjects scored 200% on the BMS.

Table 6

-

Calculation Abilitv A Summarv of Scores and Means
Percentage

n = 33

75%

50%
-

BMS

Diçîribution

-

90%

Mean

Range

SD

75%

50-100%

2.75

80%

30 - 100%

3.28

79%

43-100%

5.31

--

100%

60.6%

27.2%

n=33

n=20

n=9

90.9%

81.9%

36.4%

n=32

n=27

n=12

Total Score 97%

69.7%

30.3%

n=32

n=23

n=10

DCS
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Scores on the DCS ranged from 30% to 200% (6/20 to 20/20} with a mean
score of 80% (16/20)(mode= 19, SD = 3.276).Compared to the BMS, only 90.9%

(n=31)of the subjects were able to score 50% or better. However, 81.9% (27/33)of
the subjects e m e d 75%or better and 36.4%(12/33)scored 90% or higher. As with
the BMS, two subjects scored 100%on the DCS (only one subject scored 100%on
both sections). While scores on the DCS showed a greater range (14) and lower

minimum score (6) than on the BMS (10and I O respectively), the sample as a group
performed better on the DCS (see Table 6).
Total scores were calculated by adding BMS and DCS scores. Total scores
ranged from 43% to 100%(17/40 to 40/40) with a mean score of 79% (31.7/40)
(mode = 30, SD = 5.312). Overall, 97% of the subjects scored 50%and higher, 69.7%
scored 75%and higher, and slightly less than one thud of the subjects (30.3%) scored
90%or better (see Table 6). One subject achieved a perfect score of 100%.

le S u m m a r ~ ~
Zn summary, the nursing students comprishg this sample of 33 were on
average, 24 years of age, single, and e q u d y either a high school or transfer student.
Most students had graduated from high school within the four years prior to
entering the nursing program and had attended an urban hi$ school in Manitoba.
Over one-third (36.4%) of the students reported having no previous postsecondary education prior to coming into the nursing program. However, the
remaining 57.6% stated they had taken some previous university course work, with
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seven students having earned a Bachelor's degree or better. Most students f76%,

n=25)had taken one mathematics-related course prior to the study, being primarily
Statistics (69.7%).

In terms of acadernic standing upon admission to the nursing program,
students could be described as "B" students. On average, students reported they had
earned 'l3" grades in the pre-admission requirement courses and subsequent
cumulative GPA.
Students, as a group, scored slightly better on the Drug Calcdation section of
the Mathematics and Drug Calculation Test than on the Basic Mathematics section.
However, l e s than one-third (30.3%)of the group was able to achieve 90% or better
on the Test as a whole.
4.1 Relationship of Demographic Characteristics and Calculation Ability

(Research Question #1)
All demographic variables were compared to the calculation ability of the

subjects as measured by scores on the BMS, DCS, and Total score on the
Mathematics and Drug Calculation Test. Demographic variables included site, age,
agegrp, marstat2, grad, gradhs, grl2a, grl2b, type, prevedu, stats, calculus, and
algebra (see Appendix G).
None of the response variables followed a normal distriiution. Therefore,
non-parametric tests for differences between groups and correlation coefficients
were used to analyze the data. Variables that were characterized as having two
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independent groups of subjects, for example, site of nursing program attendance
(St. Boniface, Fort Garry), were analyzed with the Mann-Whitney U non-parametric

t-test. The non-parametric Kniskall-Wallis t-test was used for variables
characterized as h a v a three or more independent subject groups, such as number
of years since high school graduation. Finally, variables that had a range of scores,

such as age, were analyzed by using the Spearman's rho correlation coefficient.
Two demographic variables (age and number of years since high school
graduation) were analyzed by using both the Spearman's rho and Mann-Whitney U

or Kniskall-Wallis, respectively. The investigator wanted to determine if analyzing
these variables in different ways, that is,by range of scores or by groupings, would
make a difference in the resdts. By grouping scores, thereby creating a larger

number of responses by subject group, it was considered possible that relationships
between groups and the dependent variables could be shonger and more

meaningful. Upon analysis, it was found that this was not the case. It is likely the
sample size was t w small to detect a significant relationship or difference,

regardles of the statistical procedure used.
As mentioned in Chapter 3 (Section 3.6), significance was not compared to
the usual alpha = .O5 or .O1 levels,but rather, p-values were individudy calculated

for each procedure. As shown in Table 7, no significant relationships between my of
the demographic variables and calculation ability of nusing students (BMSscore,

DCS score, Total score) were found at the pc.05 level.

Table 7

..

R e1ationshi~
'
Between D e m w h i c Charactenstics and Calculation Ability
-

Variable x DV

Mann-Whitney U

Kruskall-Waliis

Spearntan's rho

(n = 33)
BMScore
DîScore
Total Score

qgie tn = 3-31
BMScore
IXScore
Total Score

M a r s t a In = 33)
BMScore
KScore
Total Score

Gradhs

Grad

BMScore

2.8254 (-2435)

.3125 (-082)

DCScore

1.1261 (.5695)

A289 (.482)

Total Score

2.0399 (.360a)

.2111 (.246)

G r d (n= 32)

---

Variable x DV

Gn2a (n = 29)
BMScore
DCScore
Total Score
Grl2b (n= 33)
BMScore
DCScore
Total Score
Tvt,e (n = 33)

BMScore
DCScore
Total Score

Prevedu (n= 31)
BMScore
DCScore
Total Score

-

Mann-Whitney U

Kruskall-Wallis

Spearman's rho

Variable x DV

Mann-Whitney U

Kruskall-Wallis

Spearman's rho

Stats (n= 33)

BMScore
DCScore

114.0 (-9683)

Total Score 109.5 (-8289)
Calculus (n = 33)

BMScore
DîScore

Total Score

W b r a (n=33)
BMScore
DCScore

Total Score

Table 7 Notes:
1. No significant results found at the p <.O5 or p <.O1 levels.
2

2. The number pairings for each variable represent the U value, X value, or

correlation coefficient, and the p-value respectively.

4.2 Relationship of Academic Characteristics and Calculation Ability

(Research Question#2)
Academic characteristics were those variables that addressed the admission
critena of the University of Manitoba Baccalaureafe in Nursing Program. These
variables included grades in pre-admission Mathernatics, English, Science, and

GPA. Since these variables did not follow a normal distribution, the Spearman's rho
correlation coefficient was used to determine the relationship between academic
characteristics and calculation abiiity-

No significant relationships were found between English and Science grades

and the calculation ability of nursing students. It was also found that Mathematics
grades did not correlate significantly with BMScore or DCScore. However,
Mathematics grades did show a moderate positive correlation with subjects' Total
scores on the Mathematics and Drug Caladation Test (.3827,p = -037,n = 30). While
no statisticdy significant relationships were found between GPA and DCScore, a

strong positive association was revealed between GPA and BMScore (.4595, p = .007,

n = 33) and Total Score (.4368, p = .011,n = 33)(see Table 8).

Table 8

..

nd Catculation Abili fi
-

Academic Variable

BMScore

DCÇcore

Total Score

Note: Number pairings reflect the correlation coefficients and p - values
respectively. Variables identified by an "*" suggest a statistically significant result.

In sumnaary, the analysis of the relationship between academic characteristics

and cdculation ability suggests that students who scored higher in the preadmission Mathematics course tended to do better on the Caiculation Test in terms
of Totai Score. B o , students who had achieved a higher GPA tended to score
higher on the Basic Mathematics Section of the Caiculation Test and in the Total
Score overali. This would suggest that pre-admission course grades in Mathematics
and Cumulative GPA may be the most useful academic measures in identifying

students' aptitude level for the calcuiation component of the nursing program.

4.3 Sumrnary of Results

The data anaiysis for the complete data set reveals that demographic
characteristics (Research Question #Il of nursing students do not correlate
significantly with calculation ability in the second year of the program. Even when

some demographic variables with a range of responses were reorganized into
groups, the degree of association remained insignificant. Several variables, not
origindy identified in the research questions, were included in the analysis based

on feedback from the pilot study. However, the variables did not play a significant
role in the calcuIation ability of these students. A larger sample would have yielded
higher statistical power for detecting relationships.
The findings suggest that pre-admission grades in Mathematics and
cumulative GPA may play a meaningful role in how students perform on Basic
Mathematics questions (GPA)and in calculation questions in general (Math grade

and GPA). However, pre-admission Engliçh and Science grades were shown to be
l e s helpfd in determuiing calcuhtion abüity for nursing students in the second

year of the nursing program.

Chapter 5: Discussion
5.0 Introduction

This study was designed to examine the relationships between student nurse
characteristics, particularly demographic and academic variables, and cdculation
ability for second year students enroiled in the University of Manitoba, Faculty of
Nursing, four-year baccalaureate program. The research questions addressed in
this study were:
2. What is the relationship between demographic characteristics and

calculation abüity of second year baccalaureate nursing students?
2. What is the relationship between academic status, related to the admission

criteria of the University of Manitoba Baccalaureate in Nursing Program, and
caldation ability of second year baccalaureate nursing students?
5.1 Sample Representativeness

.

ontbanson
to the Liteatu=
Although the sample in this study was small, it well reflected the student
nurse samples d e m i e d in the literahw. Several studies had an absence of

demographic data (Allenet al., 1988; Bindler & Bayne, 1984; Chenger et al., 1988;
Ptaszynski & Silver, 1981; Shockley et al., 1989;Timpke & Janney, 1981; Worrell &
Hodson, 1989). However, many others (Bath dr Blais, 1993; Blais & Bath, 1992;
Brennan et al., 1996; Craig & Sellers, 1995; Felts, 1986; Fulton & O'Neill,1989;

McCann-Flynn & Moore, 1990; McKinney et al., 1988; Oliver, 1985;Pozehl, 1996;
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Segatore et al., 1993; Wold & Worth, 1990) have consistently described student nurse
samples, used in the past decade, as typically younger (mean age = 20.8 to 27.6
years) and single (Chacko & Huba, 1991; Oliver, 1985; Wold & Worth, 1990). The
sample in this study is consistent with these reports.
Griffiths, Bevil, O'Connor, and Wieland (1995) suggest today's student
population is becorning increasingly diverse. The wide age range (18 to 50 years) of
shidents reported in the literature recentiy (Bath & Blais, 1993; Brennan et ai., 1996;
Craig & Seilers, 1995; Segatore et al., 19931, may indicate there is a growing
contingency of "mature" students enrolling in nursing programs, with fewer
students entering straight from high school (Gothler & Rosedeld, 1986; Griffiths et
al., 1995; Oliver, 1985) and many having obtained previous degrees prior to entering

(Griffiths et ai., 2995; Jacono et al., 1987; McCann-mynn & Moore, 1990).
Unfortunately, a l i but two studies (Brennan et al., 1996; Jaconoet al., 1987)reported

in the literature used American nursing students as samples. It would have been
helpful to have more Canadian samples with which to compare the sample used in
this study. Nonetheless, this sample of nursing students reflected the trends found

in the iiterature with regard to demographic characteristics.
It is not possible to compare thïs sarnple with samples reported in the
literature in terms of pre-nming academic status. That is, the admission
requirements for the University of Manitoba Baccalaureate in Nursing Program are

unique to the program and are based primarily on high school and university

coursework taken in Manitoba. Although students in this study reported a range of
grades, £rom A+ to C, in the areas of pre-admission Mathematics, English, Science,

and cumulative University GPA, mean grades in a l l areas were in the B and B+

categories. Therefore, the sample could be described as a group of "8" students upo~
entering the nursing program.
Cornparisons to the literature are rneaningless because it would be
presumptuous to suggest a student with a "B"average in the pre-admission
requirements of the University of Manitoba program would necessarily be a B
student in another country,such as the United States, where the majority of
previous research has been conducted. Furthermore, data of this nature are not
reported in the Iiterature, likely due to the diversity of samples arising from a
complex mixture of high school and nursing programs. Consequently, one may
draw some cornparisons between samples in terms of demographic variables but
should use caution when doing so for academic status characteristics.
Nursing students in this sample demonstrated similar calculation ability to
students reported in the literature (Bindler & Bayne, 1984; Blais & Bath, 2992;
Chenger et al., 1988; Pozehl, 1996; Segatore et al., 1993). Although mean scores for

the Basic Mathematics Section (75%), Drug Calculation Section (80%), and Total Tes
(79%)were in the "B+"range, only 30%of the students obtained 90% or better on thc

Calculation Test overall. Since many nursing program consider 90%, or even 100%
to be a passing grade on a calculation test, the vast majority of students in this
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sample (70%)could be descriied as having failed the Mathematics and h

g

Caldation Test. In other words, this sample of students couid be considered to
possess poor mathematical and drug calculation skills, such as those reported in the
Literature.

-son

to the Univers& of Manitoba P
-

Perhaps more relevant is the cornparison of thîs study's sample with the
population of students enrolled in the University of Manitoba, Baccalaureate in

Nursing program. The 33 students who participated in the study were a
convenience sample out of a possible 107 students (31%)enroiled in second year of

the program during the 1995-1996 academic year. Student record information was

not accessible and so comparisons, to a large extent, were not possible. The only
avaiiable data with which to compare this sample came from the University of
Manitoba, Faculty of Nursing Student Census of September 30,1996. Unfortunately,

the data did not distinguish students by age, marital status, type of student, or other
demographic characteristics, nor did the census indicate academic status in the preadmission requirements of Mathematics, kience, Engiish, or GPA. However, the

census data did ùidicate 27 students, in the 1995-96 par, had earned a Bachelor's
Degree. It is interesting to note that seven students in the sample indicated they had
earned a previous degree, one at the Master's level. Therefore, the sample was
"over-representative"of the student body (7 of 17 = 41%)in this one area and could
cautiously be described as more acadernicallyptepared than the general population
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of second year students. No other cornparisons to the student population were
made due to a lack of available data.

A cornparison of the sample's calculation ability with that of the University of
Manitoba student population would have required Course Leaders in the Nursing

SkiUs courses to extract and compile an enormous amount of data. The investigator
felt such a request would be a signihcant imposition on the Course Leaders' tirne.

Thus, it is unknown whether or not the sample was representative of the student
population in the area of calculation ability.

In summary, this sample was relatively similar to sarnples reported in the
literature in terms of demographic profile and calculation ability. However, it is
uncertain as to the representativeness of the sample in relation to the University of
Manitoba, F a d t y of Nursing, second year nwsing student class of 1995-96.
Therefore, caution should be exercised in generalizing the results of this study

beyond the parameters of the sample.
5.2 Relationship Between Demographic Characteristics and Calculation Ability

Several demographic characteristics of nursing students were examined

including:site, age, marital status, years since high school graduation, location of
high school attendance, type of student, previous education, and attainment of
other mathematics-related courses. None of these characteristics provided helpful
information in relation to calculation ability. The results from tests for differences

between groups and correlation coefficients were not significant. Also, the results

13:
from testing two of the variables, age and years since high school graduation, with
both procedures were statistically insignificant.
The fhdings of this study, with regard to the relationship between
demographic characteristics and achievement measures in a nursing program, are ir
keeping with most of the research in this area. Although being older (Aldag & Rose,
1983; Bailey, 1988; Higgs, 1984; Oliver, 1985; Safian-Rush & Belock, 1988) and being
married (Yess, 1980)were reported as significant factors in the overail achievement
of nursing students in an educational program, these same variables did not
correlate significantly with measures of success in other studies (Allen et al., 1988;
Beuche, 1986; Felts, 1986; Oliver, 1985; Weinstein et al., 1980; Yess, 1980). Brennan,
Best, and Smail(1996) found no relationship between any demographic or "noncognitive" variables and achievement measures in nursing course work.
A similar pattern is found in the literature addressing the relationship

between demographic characteristics and calculation ability of nursing students.
Whiie Dexter and Applegate (1980) report that older students do more poorly on

calculation tests than their younger classrnates, McCann-Flynn and Moore (1990)
found the opposite to be tme. Others found no significant relationships between agc
(Chenger et al., 1988; Segatore et al., 1993), prior nursing experience and previous
degree (McCann-Flynn & Moore, 1990) and calculation ability. in general terms,
demographic variables have not been found as useful indicators in identifyhg
which students are more likely to do weil in nursing programs and, in particular,

the area of calculation ability.
The lack of any significant relationships between Jemographic
characteristics and calculation scores for students in this study couid be the resuit of
several factors. The smaii sample size of 33 did not d o w much room for analysis in
tems of finding differences between groups of students with different
characteristics in relation to calculation abiIity. That is, the number of subjects that
fell h t o any category for a particdar independent variable, such as previous
education (none = 12; some prerequisites = 6; some non-prerequisites = 6; degree =
7), was likely too small to contriibute to any significant variation in the means of both

the independent and criterion variables.
The inconsistency of some responses between two related demographic
variables may have diminished the ability to detect differencesbehveen groups of
students. For example, students were asked to indicate if they had entered the
nursing program as a high schml student or a transfer student with previous
university credits. As noted in Chapter 4, incongruencies were found between
responses to this item and responses made in relation to grades achieved in the
admission criteria courses of Mathematics, English, and Science. Several students
indicated they were transfer students, yet reported their pre-admission grades in
tems of high school courses, and visa versa. From this, it is not clear how many
were actually high schml or transfer students. Therefore, if there was in fact a
difference in the calculation skills of high school and transfer students, the ability to

detect this differencernay have been undennined by unreliable responses.
None of the demographic variables produced a normal distribution of
responses. Several variables, in fact, produced a clearly biased distribution of
responses making it difficult to determine what the influence on calculation scores
might have been for the relatively few subjects who responded differently kom the
majority of the sample. For example, most students were 24 years of age or younger

(n=24; 73%)with o d y nine (27%)being in the "older" category. This makes it
difficult to say anything conclusive about the influenceof age on calculation ability.
One rnay assume that students who are older and more "mature" rnay have gained
some positive Life or work experience that wodd contribute to the development of
stronger problem-solving and conceptual skills (ski& necessary for drug
calcuiations) than those who have not had similar experience. On the other hand,
younger students rnay be at an advantage due to the recency with which they have
been in an educational environment requiring such thinking skills. This study did
not provide evidence in either direction. Although a larges sample rnay have
revealed a similar trend toward a younger age of student, it would have aiiowed for

a p a t e r number of subjects to be assigned to the "younger" and "older"student
categories. Thus, more powerful statistical tests could have been used enabling one
to be more confident in drawing conclusions from the results.

Similar remarks rnay be made with regard to other demographic variables.
That is, most students were single (82%), had graduated from high school within the
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past four years (17 of 32; 53%), had attended a Manitoba high school(85%),and
either did or did not take a mathematics-related course (Statistics = 69.7% "Yes";
Calculus = 78.8% "No"; Algebra = 90.9% "No") prior to the study. Therefore, as
descriied for the age variable, it is diffidt to Say anything conclusive about the
subjects who represented the minority in terms of these demographic
characteristics.
it is also helpful to look at the scores achieved on the Mathematics and h g
Calculation Test used in this study. Although there was a broad range of scores on
the Basic Mathematics (50 - 100%) and h g Cdculation (30 - 100%)sections of this
Test, mean scores tended to be toward the upper end of the s a l e (BMS X=75%;

DCS X=80%). h o , the major* of students scored in the %+" range (75 - 79%), or
better, on both sections of the Test (BMS = 60% of sample; DCS = 82%of sample).
Therefore, once again, the students in lhis sample could be described as relatively
homogeneous with regard to not only several demographic characteristics, but also
calculation ability. Although hornogeneity is helpful for describing the nature of a
sample, it does not allow for much variation or diversity in determinina how
variables covary with each other. This is especially tnie with s m d convenience
samples for which one carmot be sure if the sample studied is representative of the
larger population.
in summary, the examination of demographic characterisîics did not provide

any useful information in explaining the calcuIation ability of nursing students.This
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lack of association is supported generdy in the literature and is further complicated

by sample and data issues arising from this study. Additional research in this area,

using significantly larger samples across varied settings, would be helpfid in
cIarifying the relationship between demographic characteristics and caldation
ability of baccalaureate nursing students.
5.3 Relationship Between Academic Status and Calculation Ability
Acadernic stahts, as defined in this study, referred to the students' grades
achieved in the pre-admission requirements of the University of Manitoba
Baccalaureate in Nursing Program, in the areas of Mathematics, English, Science,
and University grade point average (GPA). Correlation coefficients did not reveal
any significant relationships between pre-admission English and Science and
calculation ability (Basic Mathematics Score, Drug Calculation Score, and Total
Çcore) of nursing students. It was also found that grades in Mathematics did not
correlate significantly with Basic Mathematics or Drug Calculation Scores.
Additionally, GPA had no significant association with Drug Calculation Scores.
However, three statistically significant results were found. Pre-admission
Mathematics and GPA provided useful information in detemiining calculation
ability for this sample. Mathematics grades showed a moderate positive correlation
with subjects' Total Score, and a moderate positive correlation was also found
between GPA and both Basic Mathematics Score and Total Score.

The Iiterature descniing the ability of pre-nursing academic variables to

137

identify students who are more likely tc succeed, or do weii in a nursing program, iç
axrtbiguous. Although it is generally believed that prior success leads to furne
success (Hayes, 1981; Talarczyk, 1989; Wold & Worth, 1990), this assumption has not
been validated in the literature, at least with regard to the influence of
pre-admission Science and English grades on f u m e performance in a nursing
program. High school Science grades were reported to correlate significantly with

nursing GPA and other achievement measures (Felts, 1986; Oliver, 1985;Seither,
1980), yet others (Allen, Higgs, & Holloway, 1988; Hayes, 1981; Wold & Worth,
1990) dici not find these same results. Similarly, whiie pre-nursing English grades

were associated with nursing program success indicators in some studies (Chacko &
Huba, 1991; Oliver, 1985; Wold & Worth, 1990), English grades did not play a
heIpful role in predicting success in others (Hayes, 1981; Yess, 1980).
Like Science and English grades, the decision to use pre-admission
Mathematics grades to identify which students are likely to succeed or not in a

nursing program, based on the literature, is questionable. Alichnie and Belluci (1981)

and Weinstein et al. (1980) found grades in high school Mathematics to correlate
significantly with nursing GPA, yet others (Chacko & Huba, 1991; Oliver, 1985; Yess,
1980) did not. Despite the uncertainty in the literature regardhg the ability of

Science, English, and Mathematics grades to estimate subsequent nursing program
success, GPA has k e n found to be more useful in this regard.
Results frorn several studies (Allen et al., 1988; Breman, Best, & S m d , 1996;
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Hayes, 1981; Higgs, 1984; Oliver, 1985; Wold & Worth, 1990) have implied the

higher pre-nursing GPA is, the more likely nursing students are to do well in a
nursing program. Only one study (Aldag & Rose, 19831, conducted over a decade
ago, found no relationship between previous GPA and success in a nursing
program. Therefore, previous research addressing the predictive value of the GPA
has the most value in supporting the results of this study in a general way.

The relationship between academic stahs and performance in the area of
calculation ability, more specïfically, has received little attention in the iiterature. It

is difficult to place the hdings of this study withui the context of the fiterature since
only three studies have directly examined these relationships (Chenger et al., 1988;
Dexter & Applegate, 1980; McCann-Flp & Moore, IWO). However, the positive
significant correlation between pre-admission Math grades and Total Scores on the
Mathematics and Drug Calculation Test, in this study, iç congruent with the

findings reported by Dexter and Applegate (1980). Brennan, Best, and Srnall(1996)
found "premath"grades to covary significantly with Year One Pharmacology

grades, yet the report did not describe whether th& course included calculation
testing.

In addition to the literahw attending to the role of GPA in predicting overall
performance in a nursing program, there are two studies which have found GPA to

be helpful in identifyixtg students who are more likely to do well in the area of
mathematics and dnig calculation skills (Chenger et al., 1988; McCann-Flynn &
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Moore, 1990). GPA was also reported to correlate significantly with Year One
Pharmacology grades, but as mentioned above, it was not clear if this course
included calculation testing (Brennan et al., 1996).Certainly, discussing the findings
of this study within the context of the literature is a chdenging task.
At a practical Ievel, it is hard to explain why pre-admission Mathematics
grades correlated only with Total Scores, and not with Basic Mathematics or h

g

Calcuiation Scores more specifically. Perhaps the type of skills needed to do well in
Mathematics 300 or 4% (high school), or first year university Mathernatics, are
different from those teskd on the Mathematics and Drug Calculation Test. WMe
high school(300 leveu or university level math is presumably focused on advanced

ma thematical operations, such as trigonometry, geometry, and calculus, the
Calculation Test included items requiring ski11in basic arithmetic and algebra. It is
possible there were an insufficient number of items in each separate section to
capture students' basic competency in these areas, but given the 40 items in total,
enough opportunity was present to elicit an overail indication of "calculation
aptitude". Thus, students who had achieved higher grades than their cIassmates in
the pre-admission Mathematics course, could demonstrate this skiil in a general way
over the course of the 40 items; whereas, students who did not do as weil in the preadmission Mathematics course, could not perform as well on the Calculation Test,
regardless of how rnany items there were. These speculations regarding reasons for
the relationship between Mathematics grades and Total Scores should be considered
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tentative at best.
The type of Mathematics course one takes in high school or university prior
to entering a nursing program, may iduence how weii one performs in the
cdcdation component of a nursing course. That is, it has been proposed by
coueagues of the investigator, that a parti&

high school Mathematics course,

such as "Mathematics4ûG (301)",may assist the student to develop skills more in
tune with the type of calculation skilis tested in a nursing program. Basic arithmetic,

ratio and proportion, and general algebraic operations required in setting up a drug
dosage equation are a few exampies of such skills. It would be interesthg fo
investigate the difference in cornpetencies developed as a result of various preadmission mathematics courses and how these competenaes correlate with
calculation skills required in a nursing program. This information would be helpfui
in identifying appropriate and useful admission criteria that would assist
admissions cornmittees of nursing programs in tenns of screening and counselling
students. The value of pre-admission testing, during the application process, in the
areas of basic arithmetic, ratio and proportion, and algebra should also be examined.

Grade point average is a composite academic measure that reflects the
student's overall scholastic performance in a program of study. It is the
investigator's experience that shidents who adiieve high GPAs are often regarded
as "strong"shidents who tend to do weli generdly, regardless of the content or
chical requirements. Therefore, in addition to what has been reported in the
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Eterabe (Chenger et al., 1988; McCann-Fiynn & Moore, 19901,it is conceptually
cornfortable to understand why students with high GPAs wodd tend to perfonn
well on the Mathematics and h

g Calculation Test.

Explaining the possible reasons why GPA correlated significantlywith Basic

Mathematics Score and Total Score, and not with Dnig Calculation Score, requires
M e r thought. It is possible, like GPA, the Basic Mathematics Score and 40 items
(Total Score)overall, captured "generalability"in mathematics. It is interesthg to

note the relationship between GPA and Basic Mathematics Score (.4595, pc.007) was
strmger ihan between GPA and Total Score (.4368, pc.011). Perhaps the influence

of the M g Calculation questions, as part of the Total Score, was sufficient to
"dilute"the correlation between GPA and Total Score in cornparison to GPA and
Basic Mathematics SCOR.This might suggest the Drug CaIculaüon Section posed

questions that were conceptudy differentfrom the "moregeneral" items, and in
fact, required the application ofspecific skih for which students had limited

knowledge and experience.
It is important to note that students had just covered the content and practice
component of drug calculadons in the nuçing program prior to this shidy. This
could explain why, compared to Basic Mathematics Scores, more students
performedbetter overall on the h

g Caldation questions. However,it is

interesthg to find while GPA could identify students who were more likely to
perform well in mathematics in a general way (BMS and Total Score),it was not
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sensitive enough to identify those who were able to apply more advanced skills on

the Dnig Calculation Section. Therefore, this suggests the GPA may more helpfui as
a measure of general proficiency, rather than a measure capable of detecting

students who are more likely to perform "above average" in particular areas.

In swnmary, the examination of academic characteristics produced more
helpfui information, than did demographic factors, in explainhg calculation abiiity
of students in this study. The absence of significant associations between calculation

ability and demographic variables such as age, years since high school graduation,

and type of student, does not allow one ta propose whether these characteristics

should be considered as advantages or disadvantages for students. However, one
can be reasonably confident that pre-admission Mathematics grades and cumulative

GPA may continue to offer sorne direction to the Admissions Comrnittee and
faculty in identifjring çtudents who are more likely to do well in the calculation
component of the nursing program. Furthemore, the findings frorn this study are
helpful, since the nature of the relatiowhips are relatively consistent with those
reported in the literahve with regard to the differing value of demographic and
academic characteristics in identifyingstudents who are more Uely to do well

generdiy, and more specificdy in the area of calculation a b U y
5.4 Considerationsof the Study

Design issues and other factors impacthg on the results are important to

address when attemptkig to place the findings in proper perrpective. Therefore, the
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followingconsiderationsshodd be made when interpreting the findings of this
sîudy.
1. External validity was limited in this study due to the use of a smaii

convenience pre-selected sample resuiting from prescribed admission criteria
employed by the University of Manitoba (Brennan, Rest, & Smaii, 1996). That is, the
uniqueness of the program limits the abiIity to gener&e the findings of this study
to other nursing programs. The use of a non-experimentd design also makes it

important to obtain a suf£iaentlylarge sample size to have confidence in the
representativeness of the sample (Budcwalter & Maas, 1989; Polit & Hungler, 1991;
Wood & Brink, 1989).However, the sample in this study would be considered smail
(33 of a possible 107subjects = 31%).Establishing external validity was further

compiicated by the inability to compare this sample with the general population of
students due to the lack of census data. Additionally, the sample was relatively
homogenous in many areas (age, marital status, took stats) and as such, made it
difficult to draw inferences about the calculation ability of students who did not
possess the dominant characteristics. Therefore, it was not only difficult to know

how representative this sample was of the target population, but also how weU they
reflected second year nursing students in general.
2. Interna1validity is another concern with this study. Content validity is

dependent upon the ability of instruments to adequately capture the intended
universe of content (Isaac & Michael, 1974; Nunnally, 1978; Polit & Hungier, 1991).
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The Demographic and Academic Status Questionnaire used in this study was not
subjected to reliability andysis. The tooL was ncit intended to capture one or two
specific constnicts (construct validity), but rather it was anticipated a range of
responses would be obtained on the various questions designed to describe a
number of student characteristics. However, some items offered a range of options
which were not used by subjects and consequently, did not generate sufficient
variation upon which to analyze differences between groups of subjects. Therefore,
content validity could have been greater if these items had more closely reflected
the range of responses obtained in this study.
The finding that some students responded in a contradictory fashion to the
items related to student status (high school or transfer) and pre-admission grades,
raises concern about the clarity of the items. The items asking students to indicate
grades in pre-admission English and Science courses could have been confusing for
transfer students. Transfer students enter the program with letter grades only and,
therefore, the numerical distriiutions accompanying the letter grades may not have
been familiar to the shidents. Or, perhaps students simply reported the grades they
could remember at either the high school or university level, regardless of the type
of student they were upon admission. Certainly, the ability of the Questionnaire to
obtain reliable responses in this area is debatable.

Tite characteristic, or construct, of calculation ability was measured by the

use of the Mathematics and Dnig Cakulation Test, developed for this study. This
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instrument was an adapted composite of two tods found in the literature for which

adequate reliabilities were reported (Bayne & Bindler, 1988; BindIer & Bayne, 1984).
The alpha coefficients(Cronbach, 1970)detennined for the Mathematics and Drug
Calcuiation Test were considered sufficient for an immature tool (Nunnally, 1978),

and therefore, the constnict of "calculationability"was adequately reflected in the
scores obtained on the Test. However, given the lack of empirical tesüng, it wodd
be useful to employ this Test in future r e m c h using larger randomized samples in
order to further establish its construct validity.
3. Another threat to interna1vaiidity was the potential for inacciuacy of

responses obtained on the Demographic and Academic Status Questionnaire. Çince

ualizing student record data was not possible, it was necessary to refy upon the
ability of the subjects to respond to the items from memory. As such, the potential
existed for inaccuracies in the reporting of personal characteristics, especially
grades. Also, the inability to verify responses with documented records, raises the
possi2iility that some students may have responded inaccurately due to apathy or
the desire to "look g d ' .
4. Control of extraneous influences on calculation scores was not possible

and therefore, several other factors should be acknowledged as possible
exphnations for the outcornes obtained in this study. The influence of math anàety
(Aiken, 1976; Betz, 1978;Stodolsky, 1985), math attitude (Eaton, 1989; McCann-

Fiynn & Moore, 1990),math learning style (Bath & BlaisI 19931,inabiliv to use a
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calculator during data collection (Bliss-Holtz,1994; Koop, 1982; Szetela, 1982;

Shoddey et al.,1989), gender differences (Armstrong& Price, 1982; Ethington &
Wolfle, 19841, use of various teadllng formulas and content covered in solving h g

calculation problems (Craig & Sellers, 1995),and environmental influences such as
üme pressure and preoccupation with wantuig to return to other activities, could all

have contributed significantly to within-subject variations in scores.

5. A lack of standardkation in grading poliaes across high çchods and in
university course work adds a source of variance in terms of what is considered an
" A or "B" in a parti&

pre-admission course such as Maîhematics or Science

(Friedemann& Valentine, 1988; Higgs, 1984; Wold & Worth, 1990).Regardless of the

accuracy of students' recd, it is conceivable students who reported having achieved
the same grade in a high school pre-admission couse could be quite different in
their knowledge and skill levels as a result of having corne £rom different school

systems. Therefore, it îs important to descn'be shident academic status in a general

way, rather than suggesting definitively that a l l students with the same grades

possess the same prerequisite skillç.
6. The small sample size resulted in lower power of the statistical procedures
to detect a large effect. Therefore, the lower statistical power causes one to have

greater confidence in the sîgruficant r e d t s . Furthermore, a larger sample size may
have provided an opportunity to identify more subtle relationships between

variables that did not correlate significantly in this study.
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7. Statisticd analysis was conducted on group data and therefore offers

information about how the group of students performed. Information on individual
students, however, was not examined. Therefore, it is important to emphasize that
specific students may have performed in a completely different marner from that
demonstrated by the sample statistics.
8. It became apparent during the review of the literature that students'

calculation ability was often desctibed in terms of mathematical skill. Severai of the
instruments described in the literatwe, however, tested basic arithmetic skilis more

so than mathematical operations. That is, simple procedures of adding, subtracting,
and multiplication, for example, were referred to as mathematical sskillç. This error
in nomenclature was consistent throughout the literature.

It is acknowledged that the Mathematics and Drug Cddation Test,
developed for this study, was also in error in that the Basic Mathematics Section was
comprised, for the most part, of basic arithmetic items. This distinction is necessary
because it is important to be clear about which calculation skills were actually
tested. In a practical sense, knowing this information is central to i d e n t w g the
needs of students in terms of remediation.
9. The study does not address the many other variables which may contribute

to calculation ability as identified in the Model for the Study of Prediction of Success
in Nursing Education and Nursing Practice (Higgs, 1984). However, the value of
investigating the possible role of these factors is recognized.
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5.5 Support for the Mode1 for the Study of Prediction of Success in N m i n g

Education and Nursing Practice
As suggested by Higgs (1984), the model aiiows for the identification of

relevant variables at various stages, depending upon the purpose of the study and
the problems under investigation. In keeping with this assumption, the student

characteristics examined in this study were identified primarily from the
demographic Cage, marital status) and scholastic performance (high school grades
by subject, GPA on previous coursework) categories within the "pre-major
variables" component. Several other variables were also examined and, although not

all were identified in the model, considered within the demographic or socio~ogicai
categories. The outcome variable, caldation ability, was considered an example of
a clinical behaviour, identified in the performance critena category in the nursing
major component of the model. AU other variables identified by the model in the
component areas of pre-major, nursing major, curd post graduation were not
addressed in this study. Therefore, the findings of this study are helpfui to the
extent of understanding the relationships between select variables in partic*
components of the model.
The findings of this study are consistent with assumptions proposed by
Higgs (19û4)and others (men,Higgs, & Holloway, 1988; Breman, Best, & Smd,
1996) who have utilized the model as an organizing framework. Although the

model has been used as a mechanism for examining the prediction of success in a
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more general way than that chosen for this study, it is interesting to find similai
patterns have emerged in terrns of the value of demographic and acadernic
characteristics in predicting cdculation ability.
Academic variables, such as pre-admission course grades (mathematics) and
GPA, were f o n d to correlate significantly with calculation ability, yet the

relationship between demographic factors and caldation ability yielded
insignificant results. This pattern of "fit"between academic achievement and
success, especially with regard to GPA and pre-admission course grades, supports
the work by Higgs (1984) and several others (Allenet al., 1988; Brennan et al., 1996;
Ciemence & Brink, 1978; Hayes, 1982; Oliver, 1985; Seither, 1980; Sharp, 1984;
Weinstein et al., 1979,1980; Wold & Worth, 1990)who have found these academic
measures to be the most powerful predictors of success in a nursing program.
Demographic variables on the other hand, as reported by Higgs and others
throughout the literature, continue to be l e s useful in identïfying students who are
more or less likely to be successlul.
The other pre-nursing variables included in the mode1 m u t be considered as
possible influences on cakulation ability. Aptitude tests, learnuig style, high school

rank, number of electives, sex, number of dependents, motivation, selfconcept,
personality inventories, anxiety, i n t e ~ e w
data, letters of rekrence, ethnicity,
socioeconornic status, parent's occupation, and education are among several other
variables identified that were not examinecl, but have the potential to explain
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performance levels of students. Therefore, research opportunities are endless within
the scope of the model to m e r investigate factors that may best identify students
at risk for demonshating difficulty with calculation cornpetencies.

Higgs (1984) rnakes the assumption that the fit between academic variables
and subsequent performance in a nursing program is a function of tirne. The

findings of this shidy support this belief, since cumulative GPA, a more recent
measure than grades achieved in the pre-admission courses of Enghh,
Mathematics, and Science, correlated most often and strongest with calculation

scores. Therefore, the recommendation (Higgs, 1984)for admission committees to

use the most recent data to determine the potential of applicants is well taken.
The model also allows for the development of both static and process-

orïented time sequenced research.This shidy examined the existence of
relationships between variables at one point in üme in relation tu the pre-nursing

and nursing major components of the model. However, studies induding both pen-

and-paper and clinical testing of calculation skill, as well as research following
students from the time of admission, through the program, and into practice, would

allow use of more components of the model. Such research would help to crossvalidate finindings related to calculation cornpetence. Although these approaches may

not assist in determining the best admission criteria, they could be helpful in

identifying needs for remediation and counselling.Upon reflection on the findings
and supporthg literature, this study has been helpfd in highlighting the ability of
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the model to provide guidance and direction for further nursing research in the
pre-nursing, nursing major, and post-graduation components of the model.
5.6 Summary of Discussion

The sample in this study was relatively similar to those reported in the
literature in terms of demographic characteristics. However, it was diEficuit to
compare this sample on the basis of academic status, both to the literature and to the
target population. It was also problematic to draw cornparisonsbetween the sample
and the target popdation in terms of demographic characteristics due to the lack of
census data. Nursing students in the sample demonstrated similar calculation ability
to students reported in the literature; however, it was not possible to determine the
degree of siniilarity with their non-participating classmates. Therefore, the inability
to determine representativenessof the sample is a major limitation of bis study.
The three significant relationships found during data anaiysis were between
the pre-admission Mathematics grades and cumulative GPA and the Basic
Mathematics Section and Total Scores on the calculation test. No other significant
resdts were identified. Therefore, academic variables provided more helpful
information than did demographic variables in identifying students who were more
likely to demonstrate calcdation ability.
Several reasocn impacting on the results were discussed. Small sample size,
inconsistency of responses between related items, lack of normally distributed data,
and relative homogeneity of the sample were identified as complicating factors and
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possible explanations for the lacis of significant results. Issues related to instrument
reliability, accuracy of responses, and the role of other influencing factors prior to
and during data collection were explored.
5.7 Impiications for Nursing Research

The preEnt s b d y has reinforced the significance of future research in the
area of calculation ability. Demographic characteristics were not found to be as
effectiveas academic variables in identifwig which students were more likely to do
well on the CalcuIation Test. With consideration to the limitations identified in this
study, it would be helpful to replicate this study with a larger sample from the
target population, and, if possible, with the use of student records from which to

glean demographic and academic data, Data regarding calculation ability could be
coiiected as they were in this study to maintain consistency in measurement of the
dependent variable. Replication could help to either verify or establish the limits of
the findings of this study. The representativeness of the sample used in the present
study could also be estabiished with the use of a larger percentage of the target
population. Findings from a replication study, although program specific, would
possibly be more helpful for the Admissions Conunittee, faculty, and students of the
University of Manitoba Baccalaureate in Nursing Program.
The literature review ~ v e a l e dmany factors that may play a significant role Ù
influencinghow students peiform in the area of calculation ability. Personal and
situational factors, such as gender, personality, motivation, math aiuciety, attitude,
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learning style, use of calculators, and state anxiety, are variables that, if studied in
relation to calcuiation ability, couid help to illustrate why some students perforrn
better than others, regardless of academic achievement. The use of large samples
dong with the employment of multiple regression or discriminant analysis
procedures might help to determine which background variables predict calculation
ability when other variables, such as a grades and GPA, are held constant. This
information would help faculty to address some of the more subtle influences of
performance when identifying which students may have difficuity with calculation
cornpetence.
With the commencement of an introductory preparation year at the
University of Manitoba, known as University 1, the d e s regarding admission to
various facdties will change dramatically. Grades achieved in University I wili

likely become the deciding factors upon which Admissions Committees wiil base
decisions about who will be eligible for admission to a particular program of study.
This has implications and provides new opportunities for research in the area of

predicting success in nursing education. in fact, the underlying prernise of
University 1is that a preparatory year should provide a l l students with the
opportwiity to strengthen basic skilLs and knowledge necessary to achieve success in
higher education. The Faculty of Nursing could embrace this opporhmity to idenûfy
what it values most in prospective students, including calculation ability, and design
a rnechanism for studying the impact of University 1 on subsequent cornpetencies

once students are admitted to the program.
A related area of research that has received significant attention in the

Arnerican literature, but negligr'ble regard in Canadian studies, is the use of
psychometric tests as predictor variables in nursing education. The SAT and ACT
are the two tests docurnented most frequently, yet there is a lack of consensus about
what these tools actuaily measure (Jensen, 1980; Sternberg, 1985). There is also a
debate in the literature regarding whether prograrns should use standardized
predictors or institution-specific predictors when setting admission criteria for a

parti&

program (Higgs, 2 9 W . Furthemore, there is concen over how the

results of these tests are used to screen applicants and that these scores measure
only one aspect of an applicant's potential (Brody & Brody, 1976; Estes, 1981; Jenwn
1980; Wigdor & Garner,2982). However, some professional programs in the United

States and Canada, like medicine and law for example, have traditionally required
appiicants to submit scores on standardized tests such as the MCAT (Medicd
College Admission Test) and LSAT (Law School Admission Test) as part of the

admissions proces. Given the wide use, yet diversity of opinion with regard to the
value of standardized testing prior to entering a professional program, research
focusing on the use and predictive ability of standardized tests in Canadian nursing
programs would help to shed some iight on whether such tools might be helpful in
pre-testing students in the area of mathematical ability.
Since the overall intent of research in this area is to d a n c e the abiiity to
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produce graduates with the skills necessary to practise safely, studies of the
relationships beîween performance on pen-and-paper tests and actual performance
in the clinical setting would be appropriate. For exarnple, it would be useful to

compare the calculation ability of nursing students on paper with clinicai
performance during drug administration practice. Also, as suggested by Brennan,
Best, and Small(1996), a longitudinal study, beginning at the point of admission and
ending after a specified period of tirne once graduates are in the workplace, wouid
facilitate the tracking of performance over time. This would produce valuable
information with regard to the development of calculation cornpetence over t h e ,
influence of intervening personal and academic factors during the program, and
effectiveness of the curriculum to produce sWed practitioners who are able to meet
the demands of the work environment.
5.8 Implications for Nursing Education

Based on the findings of this study, and from the review of the literature, it
would seem appropriate to suggest that the pre-admission grade in Mathematics
and cumulative GPA continue to be used as admission criteria for the selection of
candidates into the F a d t y of Nursing. To further the understanding in the area of
predicthg success in calculation ability, it may be helpfd to explore the use of
standardized testing in the area of arithmetic or mathematics prior to admission.
The Faculty of Nursing should be cautious about introducing this measure,

however, since the practice of pretesting may be expensive and impractical, relative
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to the benefits achieved. Another strategy is to consider the possibility and value of
accepting a more relevant Mathematics prerequisite for admission. The Faculty of
Nursing may be turning away students who would be as successful as those who
have taken Mathematics 300 or 40s.

The Facdty of Nursing may find it helpfd to collect data during admission in
both the demographic and academic areas. It is not suggested that demographic
factorsbe scored since this is unethical and their contriiution beyond academic
factors is negligible. However, an overall description of each applicant may help in
the development of a "riskprofile" for students with the ability to identify the need
to monitor and assist particular students throughout program.

To aid in the development of diable "risk profiles", nursing prograrns should
develop ongoing data banks containing pre-admission through graduation data to
provide a basis for further evaluation studies in this area. Data collection shodd be
broad-based and include academic, demographic, and persona1data, as well as
i n t e ~ e w at
s various points in the program to identify students' personal
perspectives of factors contriiuting to their ability to demonstrate calculation ski&.
It is important that faculty, or clinical facilitators, continue to supervise

students in the clinical area when giving rnedications until students are considered
to be safe enough to practise independently. Despite scores on calculation tests

given in the program, there is a iack of research which cari substantiate the
connection between performance on a written test and performance in the dinical
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setting. Calculation ski& shouid be monitored throughout the n&g

curriculum,

with ongoing tesüng and remediation in place for those who require extra help.

Efforts should be made to identify curricuiar design, teaching strategies,
methods of review and testing, and availability of remediation and tutoring within a
program, or within the university system, which may affect success in developing

caldation competencies. If caldation skiU is valued, then f a d t y needs to become
cornmitted to formalizing a mechanism to see that these competencies are in fact
developed and tested. The irnplementation of testing prior to graduation should

also be examined.
It has been recommended that the use of a consistent method of problem-

solving or w of a common calcdation formula be instituted throughout a program
to reduce confusion for students (Craig 6r Seller, 1995). Some faculty would argue
that problem-solving drug caldations, in itself, is a form of conceptual thinking

that should not be restricted by the use of one method. Others might Say that
consistency in teaching leads to consistency in results. Faculties should explore the
results of various teaching strategies and use of formulas to determine which

approach provides the best outcornes for students.
Nming programs need to distinguish what is king tested in the culcridum

and be clear about which skills students lack in order to arrange or suggest the
appropriate remediation and hitoring (Bliss-Holtz, 1994; Mishel, 1989). It is

important to understand whether studentslack basic arithmetic skills or more
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cornplex problemsolving skiils when deading upon the best approach in helping
them be successfui. It should be recognized that not ail students leam mathematics
in the same way, nor do they a l i possess the same level of understanding in

conceptualizing h g dosage problems.
With the growth of cornputer use in nursing education, it would be helpful to

examine the value of CA1 programs in tutoring students in the area of calculation
skilis, Cornputers have been found to reduce amiety, improve confidence, and

enhance performance (Day & Payne, f 984; Pozehl, 1996; Reynolds & Pontious, 1986;
Timpke & Janney,2981) in the development of calcdation competence. Tutoring

students who are in jeopardy is very time intensive for faculty. Therefore, the use of

cornputers may be a viable alternative in providing relevant, and perhaps more
appealing, remediation for students who need repetition and ongoing practice.
With declining enrohents and the impending shortage of nurses, the issue
of using selective admission criteria presents a dilemma for faculties of nursing. If
the priority is to maintain a constant flow of applicants into the program, then
questions are raised with regard to the use of criteria that deny access to applicants
who may be successful students and future practising nurses. An open-door
admission policy necessitates, then, the employment of supports within the program.
to assist students who struggle dong the way. However, if the desire is to admit

only those applicants who are deemed €0be the most likeiy to succeed, then
facultiesof nursing need to consider how to best identify those students, and in
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turn, how to locate and recruit these "ideai" candidates into programs of nursing.In
either case, nursing programs have a central role to pIay in determining how to
identify which students are most likely to be successful in the calculation
component of the program. Furthermore, the responsibility of producing graduates

who are capable of practising safely lies in the hands of the faculty who work with
students every day. Understanding early on which students need help the most
would enable faculty to meet this responsibility.
5.9 Summary of Research Study

This study examined the relationships between student nurse characteristics
and calculation ability. Results of the data analysis showed that demographic
variables were not helpful in i d e n m g which students were more likely to do well
on a calculation test. Pre-admission Mathematics grades and curnuiative GPA,
however, demonstrated a positive relationship with scores on the Mathematics and

Drug Calculation Test.

Nursing education programs have a challenging job to identify students who
are most likely to succeed in the calculation component of the program. Once
students are adrnitted to programs of study,faculty must assist them to achieve the

required cornpetencies to practise safely in the challenging and changing work
environment. Although the ability to calculate and administer drugs correctly is, in

many cases, objective and quantifiable, the consequences to patients and theu
farnilies as a result of medication errors can be immeasurable. The findings of tlûs
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study provided support for the Mode1 for the Prediction of Success in Nursing
Education and Nursing Practice (Higgs,1984) in the pre-nursing and nursing major
components. The multidimensionalview of success presented by the mode1

provides direction for future nursing research in this and other areas of study.
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Appendix A
Definition of Terms

*Site:
Site of nursing program attendance identified as either Fort Garry Campus or St.

Boniface General Hospital.
Age:

Student nurse age at the time of testing rounded to the nearest yeax.

Marital Status:
Maritai status at the time of testing identified as one of the following: Legdy
married (and not separated), Married (common-law),Legally married and

separated, Divorced, Widowed, Never married (single).

*Graduation:
Number of years since student graduated from high school.

* Grade 12 Attendance (A):
Location of students' hi& school identified as either Urban/city high school or
Rural/town high schwl.

Definition of Terms

Variable and Definition

* Grade 12 Attendance (BI:
Location of students' high school identified as either in Manitoba or Not in
Manitoba.

Type of Student:
Status of the dudent upon entering the nursing program identified as one of th1
following: High school graduate (no university experience),or Transfer student

(University experience).
Previous Education:

The attainment of post-secondaryeducation that has been completed upon
entering the nursing program identified as one of the following: No postsecondary education, Licensed Practical Nurse Certificate, Registered Psychiatic

Nurse Diplorna, Bachelor'sDegree (Science, Arts, etc.), or Other post-secondary
program (to be specified by the student).

Variable and Definition

*StatisticsI Calculus I Algebra:

Other mathematics-relatedcourses taken either before entering or during the
nursing program.
Pre-entriance Mathematics Grade:
Grade achieved in the Mathematics (300,40S)course requiïed for admission to
nursing program, identified as one of the following: A+, A, B+, 8,C+, or C. This

variable relates only to high school graduates since transfer students are not
required to have a Mathematics course for admission to the program.
Pre-entrance English Grade:

Grade adiieved in the English course required for admission to nursing program,
identified as one of the following: A+, A, B+, B, C+, C . This variable relates to both

high school and transfer students, dthough the type of Engliçh course will be
different for these groups.

Definition of Terms

Variable and Definition

Pre-entrance Science Grade:

Grade achieved in the Science course reqwed for admission to nursing program.
This course will be either Chemistry or Physics and the grade is identified as one of

the following: A+, A, B+, B, C+, C. This variable relates to both high school and

transfer students, although the type of science course wiU be different for these two
groups. The student will be asked to identify the course with the higher grade if
they have taken both Chemistry and Physics.

Cumulative Grade Point Average:
Cumulative grade point average achieved at university as indicated on the most
recent transcript at the time of data collection, identified as one of the following:
A+ (4.25-4.50), A (3.75-4.24), B+ (3.25-3.74), B (2.753.24), C+ (2.25-2-741, or
C (2.00-2.24). This variable will relate to both high school and transfer students,

since ail students in ehis study will have taken some university courses at the time
of testing, which wiU be second term of second year.

Definition of Terms
-

-

Variable and Definition

Calculation Ability:
Numerical score(s) achieved on the "Mathematics and Drug Caiculation test".
Separate scores for the Basic Mathematics Section and Drug Caiculation Section are
calculated (20 items each) and when combined, become the Total score (40items in
total).

Baccalaureate Nursing Students:
Students who are enrolled in the second term of second year of the Baccaiaureate in
Nursing Program offered by the University of Manitoba. Students attending the
Fort Gany Campus and St. Boniface General Hospital sites are included in this

sample. Brandon General Hospital site students comprise the pilot study smple.
Note that students attending the Health Sciences Centre site of the program are not
included as part of the sample because there were no second year students
attending this site at the time of data collection.

Note: Variables indicated by an asterisk (*) denote those variables added to the
Dernographic and Acadernic Statuç Questionnaire foliowhg remarks made by
Faculty expert reviewers during the pilot study. Therefore, these variabIes were not
included in the Research Questions but became a part of the data analysis.

Appendix B

Mode1 for the Study of Prediction of Success in Nutsing Education and Practice

Source: Higgs (1984).

Appendix C
Letter of Invitation to Participate in a Pilot Study

Deat Student Nurse,

My name is Laurie Clark. I am a nursing instructor and a student in the
Master's of Nursing program at the University of Manitoba. As part of my nursing
program, 1am conducting a study to examine the relatimships between
baccalaureate nursing student characteristics and mathematical and drug
calculation ability. The shrdy has been approved by the Ethical Review Committee
of the Faculty of Nursing, University of Manitoba.
I would like to invite you to participate in this pilot study. The study will
take about 90 minutes. Apptoximately half of this time will be arranged during
your Growth 6t Development dass time so that the t h e you vend outside of class
will be minimized. There will be a 15 minute orientation session foilowed by a 75
minute data collection session, arranged at a separate tirne. You willbe asked to
complete three measures. The fuçt task will involve answering some questions
which describe you (e.g., age, marital status, education, grades adiieved prior to
nursing program). You may need to refer to your previous high school and/or
university hanscripts to answer these questions accurately. The second task wiil be
a basic mathematics and oral h g calculation test of 40 items in length. Questions
on this test will include a section about basic arithmetic operations and a section
about calculation of oral h g dosages. The third task wilI be to complete a brief
evaluation form about the previous two measures in terms of clarity, fairness, and
structure. This last task will be very important in helping me to determine how
students are able to complete the other hvo measures in an easy and accurate way.

Your participation in this study is voluntary, and if you choose not to
participate, it will in no way affect your progress in the nursing program. If you
decide to stop part way through completing the measws, you will be free to do so.
Participation in this study will result in no direct benefits to you, but it may provide
you with an opportunity to leam more about the research process and to assess
your calculation skills. Your performance on the caldation test will be available to
you upon your request. There are no known risks of participating in this study.
Your involvement in this study will remah strictly confidentid, and the

information will be kept in a locked f i h g cabinet in my home. Your identity and
the information that you provide me with will be idenüfied by a code name. Your
name wiU not be recorded anywhere. The written report and any further
publication coming out of this study will describe only group information and wiU

not identify you in any way. The only people who wiil have access to the data hox
this study are Asst. Professor Judith Scanlan (Thesis Advisor, University of
Manitoba, Faculty of NursUrg), and a Statistician from the University of Manitoba.

The ORIENTATION SESSION for this pilot study is being held
F e b ~ a r y27 near the end of Growth & Development class. During the orientation
session, the study will be explâined in detail and a consent form will be reviewed
with you by my Research Assistant, Christine Troweil. The DATA COLLECïION
SESSION willbe held February 29 during Growth & Development class tirne.
Students who wish to have theh calculation scores returned to them for selfassessrnent purposes will be required to identify themselves and their
corresponding code name on the consent form. In this case, 1will be aware of
individuals' scores and I will protect your identity by not sharing your scores with
anyone eIse in any way. You will learn about the consent form during the
orientation session and will be asked to sign the form prior to completing the three
measures at the data collection session. Your signature on the consent form will
indicate your willingness to participate in the study.
If you have any questions about this study, 1can be contacted at (204) 7273251 or (204) 726-2369. You do not have to identify yourself when you c d and you
may c d me collect at the first number above. If you wish to speak to my study
you can call her at (204) 474-8175. Thank
supervisor, Asst Professor Judy Sc&,
you for your time and attention.

Appendix D
Letter of Invitation to Participate in a Study

Dear Student Nurse,
My name is Laurie Clark. 1am a nursing instructor and a student in the
Master's of Nursing program at the University of Manitoba. As part of my nursing
program, 1am conducting a study to examine the relaîionships between
baccalaureate nursing student characteristics and mathematical and drug
calculation ability. The study has k e n approved by the Ethicd Review Conunittee
of the Faculty of Nursing, University of Manitoba.
1wodd like to invite you to participate in this study. If you agree to
participate, it will take about 90 minutes of your the, which includes this brief
orientation session. In the other 75 minutes, arranged at a separate t h e , you WU
be asked to complete two measures. The first task will involve answering some

questions which describe you (e.g., age, marital status, education, grades achieved
prior to nursing program). You may need to refer to your previous high school
and/or university transcripts to answer these questions accurately. The second
task will be a basic mathematics and oral drug calculation test. Questions on this
test will include a section about basic arithmetic operations (e.g., addition,
multiplication, fractions, decimals, ratios, and word problems) and a section about
caIculation of oral dmg dosages (metric system).
Your participation in this study is voluntq, and if you choose not to
participate, it will in no way affect your progress m the nursing program. If you
decide to stop part way through completing the measures, you will be free to do so.
Participation in this study will result in no direct benefits to you, but it may provide
you with an opportunity to leam more about the research process and to assess
your caicuiation skilis. Your performance on the caledation test will be available to
you upon your request. There are no known risks of participakg in this study.
Your involvement in this study will remain strictly confidentid, and the
information will be kept in a locked filing cabinet in my home. Your identity and
the information /responses that you provide me with will be identifieci by a code
name. Your name will not be recorded anywhere. The written report and any
further publication comuig out of this study will d e m i only group information
and will not identify you in any way. The only people who will have access to the
data from this study are Asst. Professor Judith Scanlan (Thesis Advisor, University
of Manitoba, Faculty of Nursing), and a Statistician from the University of
Manitoba.

During the orientation session today, 1will explain the study (by reviewing
this letter and answering questions) and 1wili read a consent form with you.
Foilowing the Data Collection session to be conducted March 25 during
Nursing SkiUs Lab Tirne, 1will know which students have chosen to participate by
the consent forms signed, but 1will not be able to identify individual responses
because they will be coded. However, students who wish to have their cdculation
scores returned to them for self-assessment purposes will be required to identify
themselves and their correspondhg code name on the consent form. In this case, I
will be aware of individuals' scores and 1will protect your identity by not sharing
your scores with anyone else in any way. Your signature on the consent form WU
indicate your willingness to participate in the study. You will be asked to sign the
consent form pnor to the data collection session.

-

If you have any questions about this study, 1will be happy to answer them.
1c m be contacted at (204) 727-3251 or (204) 7262369. You do not have to identify
yourself when you call and you may c d me collect at the first number above. If
you wish to speak to my study supervisor, Asst. Professor Judy Scanlan, you can
call her at (204) 474-8175. Thank you for your t h e and attention.

Appendix E

-

Consent Form Pilot Study

In signing this document, I am giving consent to participate in a pilot study
for the research project "A Study of the Relationships between Student Nurse
Characteristics and Calculation Ability"conducted by Laurie Clark from the
Master's in Nursing Program at the University of Manitoba. 1understand the goal
of the study is to examine the relationship between student nurse characteristics
and mathematical and dmg calculation ability. 1 understand participation in the
project is entireiy voluntary and 1may withdraw at any tirne. I am agreeing to
complete a demographic and academic status questionnaire as well as a
mathematics and h g calculation test. 1will also be completing a brief evaluation
form related to the previous two measures. The study has been approved by the
administration of my nursing program and by the Ethical Review Committee of the
Faculty of Nursing of University of Manitoba.
I understand the researdi will be conducted by Laurie Clark. The
demographic and academic status questionnaire will inciude questions related to
my age, marital status, student statuç, previous education, high school or university
level pre-admission ccnuse grades, and grade point average. This questionnaire
should take approxïmately 15 minutes to complete. The mathematics and drug
dosage caldation test will include 40 questions on basic mathematics and oral
drug calculations. This test should take approxhnately one hour to complete. The
evaluation form will indude questions related to the clarity, fairness, structure, and
experience of completing the previous hvo measures. This evaluation should take
approxhately five minutes to complete.

Information from the questionnaire and calculation test will be identified by
a code name in order to make cornparisons between the data. All information
obtained will be kept confidential and wiU not be made available to the
administrators of my nursing program. The Thesis Chair for this study, Prof.
Judith M. Scanlan, and a statistician will have access to the original coded data
whereas, other members of Lamie Clark's Thesis Comniittee will see only group
data and will be unable to identify individual scores to ensure anonymity. If 1
choose to have my scores retumed to me for self-assessrnent purposes, 1agree to
give my name and address and code name at the end of this consent form in order
to identify my responses £romothers in the study.
1have been informed that participation or nonpartiapation will not
influence my progress in the nursing program. Students attending the Brandon

Generai Hospital site wiil be recruited and data cokcted by a Research Assistant to
rninimize the element of persuasion since Laurie Clark is a faculty member at this
site. My name will not be used in any reports about the study or in any future
publications. 1have been given the opportunity to have the results of my
calculation test returned to me for self-assessrnent purposes by providing my
assigned code name, name, and address. 1c m choose not to do this, and therefore,
acknowledge there are no other benefits to me personally except for the experience
of participathg and leaniing more about the research process. My participation
wouid also help to improve the understanding about nursing studentsr
mathematical skilis and how they relate to the current admission standards of the
University of Manitoba undergraduate nursing program.
1 understand that findings from this study rnay be used in future studies. 1
understand the only risk or disadvantage for participahg is the thne spent
completing the instruments. 1understand that during and after the research, ail
documents will be securely locked and kept h m seven to ten years and then
destroyed. A summary of this study will be available to those who request it and
the findings may be published in a nursing journal at a later date.
1have had an opportunity to have a l l my questions answered. Any

additional questions I may have can be asked at any time by contacting Laurie
Clark collect at (204) 727-3251 or her Advisor Judith Scanlan at (204) 474-8175. 1
have been offered a copy of the summary of the project and have k e n given a copy
of this consent form.
Date

Participant's Signature
Researcher's Signature

PIease send me a summary of the research report.
Send to:
(Name)
(Address)

Please send me the results of my calculation test.
Send to:
(Code Name)
(Name)
(Address)

Appendix F
Consent Form - Research Study

in signing this document, I am giving consent to participate in a study for
the research project "A Study of the Relationships between Student Nurse
Characteristics and Calculation Ability" conducted by Laurie Clark from the
Masters in Nursing Program at the University of Manitoba. 1understand the goal
of the study is to examine the rdationship between student nurse characteristics
and mathematicai and h g calculation abfity. 1 understand participation in the
project is entirefy voluntary and 1may withdraw at any time. 1 am agreeing to
complete a demographic and academic status questionnaire as weii as a
mathematics and h g calculation test. The study has k e n approved by the
administration of my nursing program and by the Ethical Review Committee of the
F a d t y of Nursing of University of Manitoba.
1 understand the research will be conducted by Laurie Clark The
demographic and academic status questionnaire will inchde questions related to
my age, marital status, student status, previous education, high schooi or university
level pre-admission course grades, and grade point average. This questionnaire
should take approximately 15minutes to complete. The mathematics and dmg
dosage calculation test will include approximately40 questions on basic
mathematics and oral drug caiculations. This test should take approximately one
hour to complete.

information from the questionnaire and calculation test will be identified by
a code name in order to malce comparisons between the data. Ail information
obtained wili be kept confidentid and will not be made available to the
administrators of my nursing program. The Thesis Chair for this study, Prof.
Judith M. Scdan, and a statistician wiil have access to the original coded data
whereas, other members of Laurie Clark's Thesis Committee will see only group
data and will be unable to idenûfy individual scores to ensure anonymity. If 1
choose to have my scores returned to me for self-assessrnent purposes, 1 agree to
give my name and address and code name at the end of this consent form in order
to identify my responses from others in the study.
1have been informed that participation or nonparticipation will not
influence my progress in the nursing program. My name will not be us& in any
reports about the study or in any future publications. 1have been given the

opportunity to have the results of my caldation test returned to me for selfassesment purposes by providing my assigned code name, name, and address. 1

can choose not to do this, and therefore, acknowledge that there are no other
benefits to me personally except for the experience of participakg and leaming
more about the research process. I understand hdings from this study may be
w d in future studies. i understand the ody risk or disadvantage for participatirtg
is the time spent compieting the instruments. 1understand that during and after
the research, ail documents will be securely locked and kept from seven ta ten
years and then destroyed. A s u ~ l u n a r yof this study WU
be avairable to those who
request it and the findings may be published in a nursing journal at a later date.
1have had an opportunity to have all my questions answered. Any
additional questions I may have can be asked at any time by contacting Laurie
Clark collect at (204)727-3251or her Advisor JudithScadan at (204)474-8175. 1
have been offered a copy of the summary ofthe project and have been given a copy

of this consent form.
Date

Participant's Signature
Researcher'sSignahw

PIease send me a summaay of the research report.
Send to:

(Name)
(Address)

Please send me the results of my calculation test
Send to:

(Code Nanie)

(Name)
(Address)

Appendix G

-

Research Assistant Instructions Pilot Test
The objective for this study is to examine the admission criteria of the
University of Manitoba (Uof Ml Baccalaureate in Nursing Program and selected
demographic factors in relation to the calculation abilities of nursing students
enrolled in thisprogram. Your job, as a Research Assistant, is to be a neutral
individual responsible for orientating, recruiting, and collecting data from nursing
students in the pilot test group. It is most important to the results of this study that
you do not pressure or deceive the students into partiapating and that you do not
bias their responses on the instruments in any way.
The research questions, design, consent form, data collection instruments,
and evaluation fonn for the study will be reviewed with you. We will role play an
orientation/recruitment session and a data collection session so that you are at ease
with the content to be discussed and the process of each session. If possible, 1 wiU
ask you to accompany me to an orientation/recniitment session and data collection
session at one of the other sites involved in this study so that you become familiar
with what is expected at these sessions. It is your responsibiiity to read this page of
instructions, review the research questions, design, consent form, data collection
instruments (Demographic and Academic Status Questionnaire and Mathematics
and Drug Calculation Test), and evaluation form prior to the role play. We will
review the process of conducting an orientation/recniitment and data collection
session until you feel cornfortable and until consistency with the approach taken at
other sites is achieved. In order for the results of this study to be reliable, the
sessions must be conducted in a consistent way. Reliability is essential to the
investigator and you have an important role to play in making this happen.
AU students attending the orientation/recruitment session and subsequent
data collection must have their identity protected. 1am asking you to conduct
these sessions at the Brandon General Hospital site because of my relationship and
famiiiarity with the students. 1do not want my presence to influence their decision
to participate in the pilot study and they must be reassured that you WUnot
disclose their identity to me or anyone else. AH responses on the data collection
instruments will be identified by a code name and 1will not be able to identify
individual student nurses' responses. The consent forms that the students sign at
BGH site will be given to me only after data collection and evaluation has taken
place and 1will be unable to connect the responses with particular students.
During the orientation/recruitment session, students will be guaranteed anonymity
and confidentiality for their responses. These are ethical obligations for yourself as
a Research Assistant, as well as for the investigator. No names will appear on the
data collection instruments, and all documents (consents and instruments) will be

kept bcked in a cabinet when not in use. You are obliged to not talk about any
students, responses, or identifying information to others.
ecruitment SesResearrh Assistant Covp Pilot Studv BGH Site

-

-

Good afternwn everyone. Thank you so much for coming to this
orientation session today. My name is
and 1 am the Research
Assistant for the study you read about in the Letter of Invitation sent to you earlier
this term. As you may remernber reading, the research study king conducted is
about examining the relationship between student nurse characteristics and
mathematical and drug calculation ability. More specificaily, the information to be
collected wilî include demographic factors, such as age, marital status, type of
student (transfer or high school candidate), and previous education in the way of
diplornas or degrees. This study will also look at the grades students have
achieved on the pre-admission courses (Science, Math, English) as well as the most
recent GPA. The purpose of today's session is to teU you more about the study and
to invite you to participate in this research project. 1need to assure you that this
study has been approved by the Ethical Review Cornmittee of the Faculty of
Nursing fkom the University of Manitoba.
You have been invited to participate in this pilot study because you are
nursing students in the second year of the program and have been exposed to the
material related to the caldation of oral drug dosages. It is the intent of this study
to find out whether there are any relationships between the facf ors juçt mentioned
and the nursing student's ability to correctly calculate drug dosages. It is important
to gain an understanding of these relationships so that students who may be
considered at a disadvantage (due to age, grades, or whatever) can be identified
early in the nursing program and helped to improve their caiculation skilis.

If you choose to participate in this pilot study, you wiU be asked to spend
approxhately two hours, inclusive of this orientation session. This session will last
about one-half houx, and the remaining 1and 1/2 hours to be arranged at a Iater
date, will involve having you complete two research measures and a brief
evaluation form. These instruments were descriid in the Letter of Invitation.
Does anyone have any questions about these instruments and what they WU be
asking?
(Pause...respond to questions)

It was mentioned in the Letter of Invitation that you may need to refer to
your high school and university transcripts to refresh y o u memory about your
grades. Specifically, those of you who entered this program following high school
and used your Grade 12 courses for the entrance requirements, wiil be asked to
record your letter grades in Mathematics 300, Science 300 (Chemistry or Physics,
whichever was the higher grade), and English 300. Those of you who entered as a
transfer student, that is having done some university following high school and
entered the program based on your grades in the first year of your university
program, wiIi be asked to record your letter grades in English 100 and Science 100
(Chemistry or Physics, whichever was the higher grade). Those of you who have a
different background in terms of Preentrance courses wiil be assisted to record
your grades appropriately on the Demographic Questionnaire. AU of you who
participate wiü be asked to record your most recent University GPA according to
your last transcript, It is very important that you record these grades as accurately
as possr'ble so that the results of this study are reliable and valid. That is, in order
to accurately determine the relationship between these grades and your scores on
the Mathematics and Dnig Caldation Test, the grades you report must be true.
Therefore, it would be helpful for this study if you would bring these documents
to refer to, if possible, to the next session at which time this data wiil be
collected. If your (high-school)grades are in percent form rather than letter form, a
conversion scale will be used. 1: will be able to assist those of you who are unsure
how to convert your grades to letters at the next session.
Those who participate need to know that following the completion of the
first measure just described, which will take approximately 15minutes, you will be
asked to complete the second measure being the Mathematics and h g
Calculation Test. This test wiU be 40 questions in length including twenty basic
arithmetic questions and 20 oral h g dosage cdculation questions. You wiii be
given one hour to complete this test. You will not be aliowed to use a cakulator.
You may bring your own pencils and erasers, but these will be supplied for you
should someone forget. You will not be allowed to taik to one another about the
questions since it is important that your responses remain your own. When the
t h e is up, 1will corne around and coliect the papers from you. 1 will then ask you
to complete a brief evaiuation form about the previous two measures. This wiU
take about five minutes to complete.
Your participation in th& study is entirely voluntary and is your choice
alone. If you decide to become involved and change your mind part-way through
and want to withdraw, you may do this at any time without any consequences.
Students who do not wish to participate in this study will not be penalized or
jeopardized in teof your progresç in the nursing program. The administration

and teachers of your program WUnot be aware of who chooses to participate or
not participate.
1would lüce to describe the benefits of parficipaüng in this study. You may
find participating in this study a valuable leamhg experience in terms of what it is
like to be a part of nursing research. Many of you are studying Nursing Research at
this time and this experience may help you to understand the process of reçearch in

a personal and meaningfd way. Another advantage may be the opportunity of
having your mathematics and h g caldation ski& assessed in a way that will
have no influence on your grades. It was mentioned in the Letter of Invitation that
some of you may &se
to have your Calculation Test scores retumed to you. This
would aUow you to see how well you did and to determine the areas that may
benefit from further practice.

The only known disadvantage of participation identified at this üme is the
amount of time that will be involved in attending the data collection session in
addition to this session today. You may find it difficult to find yow transcripts so
this could be considered a disadvantage as well.
I wish to reasmw you that your identity will remain confidential and that
your responses will be kept confidential from others, in a secwly locked cabinet.
Your responses will be identified by code name only and your names and student
numbers will not be used in any way. Any reports or publications from this study
will include only group data and individualsrresponses wiU not be identifiable.
The individu& who will have access to the data will indude the Thesis Advisor for
the project, Professor JudithÇcanlan,members of the Thesis committee, Dr. Sheila
Dresen and Dr. Alexander Gregor, and a Statistician from the MNRI. Some of you
will know Dr. Sheila Dresen as the Program Director at the Health Sciences Centre
site. Please know that she will not be seing individual papers, only group data.
She will not be aware of who participates and what the individual responses are of
students.

As the Research Assistant, 1 will not be shaMg students' identities with the
hvestigator, Laurie Clark. My role in essence, is to conduct these sessions at this
site so that your identity is protected and so you do not feel oblfgated to participate
because of your faniiliaritywith Laurie Clark. She has asked me to assist her in this
way so that you feel at ease with your decision and that your decision is free from
pressure by her presence. You need to know that once data collection is complete,
the investigator will know who has participated by the names on the consent
forms. However, Laurie Clark will not be able to connect your responses to names
because the data will be coded. As the investigator of the study,Laurie Clark is

obliged to keep a i l information confidentid. She will not be sharing your identities
with anyone.
To summarize, this orientation session was designed to inform you of the
opportunity to participate in a research project and to have your questions about
participation addressed. Does anyone have any questions at a i i about what has
been shared today so far?
(Pause...answer questions)
(Note to Research Assistant: If you are unable to answer any of the questions,
advise the student to contact the investigator at (204) 727-3251 or (204) 726-2369.
The student does not have to identify him or her self and may call collect at the first
number. The student may also choose to cal1the Thesis Advisor, Judy Scanlan at
(204) 474-8175 for further direction if they feel uncornfortable with contacting the
investigator.)
Now, 1wodd like to distriibute a copy of the written consent form for you to
follow. 1will read the consent form out loud once everyone has received a copy.
(Distriiute and read the consent form out loud to the students)

You wili note that there is a section at the bottom of thisconsent form that
gives you the choice of having your calculation test scores returned. You can
choose not to do th& and therefore wodd leave this section blank. However, for
those of you who would Idce to participate in the study and wish to have your
scores returned, you may fill in this section when it is time to do so. 1need to make
you aware that by filling in this bottom section, you will be discloshg your code
name which will enable the investigator to identify your individual responses so
that it is possible to retrieve your papers to return your scores to you.
Does anyone have any questions about this consent form?
(Pause... m e r questions)
You do not have to decide today if you want to participate. Please take the
consent form you have home with you to read over again. Everyone here today
will receive an invitation to attend the data collection session later this term. Those
who attend and therefore want to participate, will be asked to sign the consent
form at that time.

Please feel free to c d the investigator or Thesis Advisor if you have any
questions following this orientation and recniitment session. If there are no more
questions, 1would iike to thank you al1 again forcoming today and for taking the
time to learn more about this study. AU the best to you in your studies.

-

-

End of Script Orientation Pilot
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Hello again everyone. Thank you for attending this data collection session.
As you recail, this study is about examining the relationships befween student
nurse characteristics and calcdation ability. Before we begin, it is important that 1
give you the opportunity to ask any questions you may stiU have about
participating in this pilot project. 1will begin by reading out loud the consent form
again to refresh your memory.
(Read the consent form out loud)
Does anyone have any questions?
(Pause...answer questions)

If there is anyone who would like to have this study before we go on, please
feel free to do so now. However, 1want to thank you very much for your interest
and wish you the best in your studies.
(Pause... aliow students to leave)
Now, to everyone remaining in the r o m , thank you for staying on and
getting involved!
1wili start the next part of the session by distributhg consent forms and the

shidy instruments.
(Distribute the consents [2 copies], Demographic and Academic Status
Questionnaires, The Mathematics and Drug Calculation Tests, and Evaluation
Forms)
Please find the consent form and place the remaining papers facedown on

the table. Please prweed to sign the consent form at the end, and indicate whether
you want a summary report sent to you after the study is cornpiete.
(Pause... )
Now indicate whether you wish to have your Calculation Test scores
retumed by recording a CODE NAME, your mother's maiden name for example,
where it states CODE NAME.
(Pause...)
Now, please turn over the Demographic and Academic Status Questionnaire
and Mathematics and Drug Calcuiation Test. Record your CODE NAME on both
have your scores retumed, then your
of these papers. If you have decided to
CODE NAM.. will o d y appear on these two papers.
(Pause...
Please check now to make sure that both the Demographic Questionnaire
and Caicufation Test have the same CODE NAME identified at the top. PLEASE
DO NOT MAKE ANY OTHER MARKS ON THE PAPEBS UNTE 1HAVE ASKED
YOU TO BEGZN.
(Pause... )

Please turn the Demographic Questionnaire and Calculation Test over facedown on the table- 1will be coming around to collect your signed consent form.
You may keep the second copy of the consent form for yourself.

(Coiiect the consent forms)
Now, 1would like to review the instructions for completing the
Demographic and Academic Status Questionnaire. You may need to gel out your
high school and university transcripts at this point.
(Allow a few minutes for students to get ready)
Does everyone have a pend and eraser? Please raise your hand if you do

not.

Wand out pends and erasers to those who do not have them)
Alright, the completion of this first measure is self-explanatory. You may
turn over the Questionnaire now. Once 1finish explaining the instructions, you

may begin to complete the Demographic Questionnaire. Please do not separate the
pages. Keep them attached together. If you have any questions about how to
record your answer at any tirne, please raise your hand and L wiU corne by and
assist you. This Questionnaire should take about 15 minutes at those most. If you
need more tirne, it wiIl be allowed.
WHEN YOU ARE DONE WITH THE FIRST PAPER, PLEASE PUT YOUR
PENCILS DOWN, TUFN YOUR PAPER OVER,AND WAlT. PLEASE DO NOT
BEGIN THE MATHEMATICS AND DRUG CALCULATION TEST. KEEP THE
CALCULATION TEST TLTRNED FACE-DOW ON THE TABLE. lT IS VERY
IMPORTANT THAT YOU FOLLOW THIS INSTRUCTION. NOW, YOU MAY
BEGIN THE DEMOGRAPHIC QUESTIONNAIRE.

(Time started:

;Time finished:

1

(Assist students as necessary in recording their grades accurately on the
Questionnaire. Use the conversion sale consistently when changing percentages
or numerical grades to letter grades. Students who are not able to record grades in
EngIish/Math/Science 300 will need help. Some will be able to record grades for
some courses but not others. Have these students write down the course they took
in Grade 12 [for example, Algebra/301 /Biology] if it is something other than a 300
course. Tell students to leave the section blank if they have no course grade in that
area at ail)

-

(Wait for approximately 10 12 minutes, look about the room to get a sense of how
the students are doing; and then ask...)

May I have your attention please? Those of you who are finished the
Questionnaire, please raise your hand.
(If everyone is done, then proceed to the next step. If there are still students who
require more t h e , then tell the students to continue. Remind students that are
finished to turn their papers over face-down and to wait quietly. Respond to
students'questions quietly if they raise their hand during thiç process. Continue to
repeat this pmcess unal all students have finished the Demographic Questionnaire)

Now that everyone has completed the Demographic and Academic Status
Questionnaire, please tum over the Mathematics and Drug Calculation Test, BUT
DO NOT BEGIN UNTIL I ASK YOU TO DO SO.
1wiU review the instructions with you now and I'll ask that you follow

dong. If you have any questions, please raise your hand.
(Read out ioud the instructions for students as printed on the Mathematics and
Drug Caldation Test)
Are there any questions about these instructions?
(Pause... m e r questions)

YOU WTLL BE ALLOWED ONE HOUR. AT THAT TIME, 1WILL GET
YOUR A'ITENTION, ASK YOU TO STOP AND PUT DOWN YOUR PENCILS,
AND I WILL COLLECT ALL THE PAPERÇ. YOU MAY BEGIN NOW. GOOD
LUCK!
(Tirne started:

;Tirne finished:

)

(Allow 1hour to complete the Caldation Test. If a student asks a question about
the Caladation Test, do not give the answer or encourage the student to answer in

any partidar way- Encourage the student to consider moving to another question
and to return to the problematic question later fm reconsideration. If the student
cannot resolve their question, instruct them to do their best and tel them that you
are unabIe to give them any M e r information.)
(At the end of the one hour, ...)

May I. have your attention please? Please stop now and put down your
pencils. Turn your papers over facedown. 1wiil now corne around and collect the
papers.
(Cothe papers, EXCEPT .FOR THE EVALUATION FORMS)
Now, 1would appreciate you spending another few minutes to complete the
evaluation forrn you should s a have in front of you. Please start now.
(Pause... wait about 5 minutes and ask...)

May I have your attention please?
1want to thank you a l l very much for partiapating in the study and for
taking the t h e to complete these instruments. This study would not have been
posd'ble without yow participation. I hope you have found this to be a valuable
leamhg experience and I remind you that if you have any fùrther concerns about
your participation in Ihiç study that you are free to contact myself/the investigator
at (204) 726-2369 or (204) 727-3251 or the Study Advisor Judith Scanlan at

A copy of this study, once it is compIete, will be available in the Brandon
Generd Hospital Library, and a summary of the report will be made available to
you if you have requested so on your consent form.

Those of you who have no questions may leave and thank you very much
for participating. Good-bye and good luck in your studies. Those of you who have
questions, please stay on and 1wiil help you. 1will coliect your evaluation fonn as
you Ieave the room.
(Stand at the door and collect evaluation forms)
(If students change their mind about indicating that they would like/not like to
have th& scores retumed, or have a copy of the summary sent to them, then locate
the appropriate papers and make the appr0pm.r changes in their presence; ie.
record or remove the code name on the consent form)

(Complete these changes and then say...)
Thank you again. Good-bye and good iuck in your studies.
Recordir\g the environment during$ata coIlection

To gain an understanding of what the circumstances are like for the students
during the data collection session, it is important to record details about the
atmosphere d u ~ this
g tirne. Making notes about the lighting, temperature,
seating and other environmental factors will heip to identify possible sources of
influence on the students' scores. Please make note of the tirne of day, day of the
week and ability of students to folIow directions. Record ail questions asked by
students during data collection on a sheet of paper so that these may be used to
heip explain the findings. Try to determine the reasons for students not being able
to complete the Demographic Questionnaire or Mathematics and Drug Calculation
Test (not sufficient tirne, didn't understand the question, didn't know how to
complete the question).

If you have any questions or concerns about thisprocess or how to conduct
either session, please do not hesitate to contact the investigator. Thank you for
your assistance. Enjoy your sessions with the students.

-

-

End of Script Data Collection Püot Study

Appendix H
s c r i ~for
t Conduch'ng the Orient..tion/Rec~
itment S
JnvestigstorCwv St. Boniface and Fort Garry Sites

-

Good afternoon everyone. niank you so much for coming to this
orientation session today. My name is Laurie Clark and 1 am the Investigator for
the study that you will hear about today. I am conductirtg a research study about
the relationship between student nurse characteristics and mathematical and drug
calculation abiüty. More specifically, the information to be collected will include
demographic factors, such as age, marital status, type of student (transfer or high
schoolcandidate), and previous education in the way of diplornas or degrees. This
study wiU also look at the grades students have achieved on the pre-admission
courses (Science, Math, English) as well as the most recent GPA. The purpose of
today's session is to tell you more about the study and to invite you to participate in
this research project. 1need to assure you that this study has been approved by the
Ethical Review Committee of the Facdty of Nursing from the University of
Manitoba.
(Disbibute Letter of Invitation to Participate...review/read with the students)
You have been invited to participate in this study because you are nursing
students in the second year of the program and have been exposed to the material
related to the caldation of oral drug dosages. It is the intent of this study to find
out whether there are any relationships between the factors just mentioned and the
nursing student's ability to correctly calculate drug dosages. It is important to gain
an understanding of these relationships so that students who may be considered at
a disadvantage (dueto age, grades, or whatever) can be identified early in the
nursing program and helped to improve their cdculation skills.
If you choose to participate in this study, you will be asked to spend
approximately 90 minutes of time which will be scheduled during your regular
class time so that the time involved is mlliimized. This session will be brief and the
h (St. B.) March 25 (FortGary),wül
remaining 75 minutes to be held on M a ~ 19
involve having you complete two research measures. These two instruments were
described in the Letter of Invitation. Does anyone have any questions about these
instruments and what they will be asking?
(Pause... respond to questions)
It was mentioned in the Letter of Invitation that you may need to refer to

your high school and university transcripts to refresh your memory about your
grades. Specifically, those of you who entered this program following high school
and used your Grade 12 courses for the entrance requirements, wiil be asked to
record your letter grades in Mathematics 300, Science 300 (Chemistryor Physics,
whichever was the higher grade), and English 300. Those of you who entered as a
transfer student, that is having done some university foilowing high school and
entered the program based on your grades in the first year of your university
program, will be asked to record your letter grades in English 100 and Science 100
(Chemistryor Physics, whichever was the higher grade). Ail of you who
participate will be asked to record your most recent university GPA according to
your last transcript. Tt is very important that you record these grades as accurately
as possible so that the results of this study are reiiable and valid. That is, in order
to accurately determine the relationship between these grades and your scores on
the Mathematics and Dnig Calculation Test, the grades you report must be true.
Therefore, it would be helpful for this study if you would bring these documents
to refer to, if possible, to the next session at which thne this data will be
coliected.

Those who participate need to know that following the completion of the
first measure just described, which will take approxhately 10 minutes, you will be
asked to complete the second measure being the Mathematics and Dnig
Calculation Test. This test will be 40 questions in length including twenty basic
arithmetic questions and 20 oral drug dosage calculation questions. You will be
given one hour to complete this test. You will not be aIlowed to use a caiculator.
g own pends and erasers, but these will be supplied for you
You rnay b ~ your
should someone forget. You will not be allowed to ta& to one anofher about the
questions since it is important that your responses remain your own. When the
time is up, 1will corne around and collect the papers from you.
Your participation in this study is entirely voluntary and is your choice
alone. If you decide to becorne involved and change your mind part-way through
and want to withdraw, you may do this at any time without any consequences.
Students who do not wish to participate in this study will not be penalized or
jeopardized in terms of your progres in the nursing program. The administration
and teachers of your program will not be aware of who chooses to participate or
not participate.
1 wodd iike to d e s c r i i the benefits of participating in this study. You may
find participating in this study a valuable leamhg experience in terms of what it is
üke to be a part of nursing research. Many of you are studying Nursing Research at
this time and this experience may help you to understand the process of research in

a personal and meanin@ way. Another advantage may be the opportunity of
having your mathematics and drug caiculation skilis assessed in a way that will
have no infiuence on your grades. It was mentioned in the Letter of Invitation that
some of you rnay dioose to have your Cakdation Test scores returned to you. This
would ailow you to see how weii you did and to determine the areas that may
benefit from further practice.
The only h m disadvantage of participation is the amount of tirne
involved in attending the data collection session in addition to this session today.
You may find it diffidt to h d your transcripts so this could be considered a
disadvantage as well.
1 wish to reassure you that your identity will remah confidential and that
your responses wiil be kept confidential from others, in a secureIy Iocked cabinet.
Your responses will be identified by code name only and your names and student
numbers wili not be used in any way. Any reports or publications from this study
wiU inciude only group data and individuals' responses wîli not be identifiable.
The individuals who w i l l have access to the data will include the Thesis Advisor for
members of the Thesis cornmittee, Dr. Sheila
the project, Professor Judith Sc&,
Dresen and Dr. Alexander Gregor, and a Statistician from the MNRI. Some of you
wiU know Dr. SheiIa k s e n as the Program Director at the Health Sciences Centre
site. Please know that she will not be seing individual papas, ody group data.
She wiU not be aware of who participates and what the individual responses are of

studentsAs the investigator, I am obliged to keep all information confidential. E will
not be sharing the students' identities and individual responses with anyone.
To summarize, this orientation session was designed to infonn you of the
opportunity to participate in a research project and to have your questions about
participation addressed. Does anyone have any questions at a l l about what has
been s h e d today so far?

(Pause...answer questions)
Now, 1would iike to distriiute a copy of the written consent form for you to
follow. 1will read the consent form out loud once everyone has received a copy.
(Distribute and read the consent form out loud to the students)
You will note that there is a section at the bottom of this consent form that

gives you the choice of having your calcuiation test scores returned. You can
choose not to do this and therefore would leave this section blank. However, for
those of you who would like to participate in the study and wish to have your
scores returned, you may fil1 in this section when it is t h e b do so. 1need to make
you aware that by f i h g in th%bottom section, you will be disclosing your code
name which will enable me (the investigator) to identify your individual responses
so that it is possible to retrieve your papers to retuni your scores to you.

Does anyone have any questions about this consent form?
(Pause...answer questions)
You do not have to decide today if you want to participate. Please take the
consent form you have home with you to read over again. Everyone here today is
invited to attend the data coilection session on March 19 (St. B.) March 25 (Fort
Garry). Those who attend will be asked to sign the consent form at that tirne.
Please feel free to c d me or my Thesis Advisor if you have any questions
foilowing this orientation and recruitment session. If there are no more questions, 1
wouid like to thank you ail again for corning today and for taking the time to l e m
more about this study. Ail the best to you in your studies.

-
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Helio again everyone. Thank you for attending this data coilection session.
As you recall, this study is about examinina the reiationships between student
nurse characteristics and calculation ability. Before we begin, it is important that 1
give you the opportunityto ask any questions you may stiil have about
participating in this project. 1wilt begin by reading out loud the consent f o m

again to refresh your memory.

(Read the consent form out loud)
Does anyone have any questions?

(Pause...answer questions)

If there is anyone who would like to leave this study before we go on,please
feel free to do so now. However, 1want to thank you very much for your interest
and wish you the best in your studies.
(Pause... ailow students to have)

Now,to everyone remaining in the room, thank you for staying on and
getting involved!
1will start the next part of the session by distributhg consent foms and the
study instruments.

(Distribute the consents [2 copies], Demographic and Academic Statuç
Questionnaires, and the Mathematics and Dnig Calculation Tests)

Please find the consent form and place the remaining papers face-downon
the table. Please proceed to sign the consent form at the end, and indicate whether
you want a summary report sent to you after the study is compfete.
(Pause...)

Now indicate whether you wish to have your Calculation Test scores
retumed by recording a CODE NAME, your mother's maiden name for example,
where it states CODE NAME.
(Pause...)

Now,please tum ovei the Demographic and Acadernic Stahis Questionnaire
and Mathematics and Dnig Caldation Test. Record your CODE NAME on both
of these papers. If you have decided to ppt have your scores returned, then your
CODE NAME wül only appear on these two papers.
(Pause...)
Please check now to make sure that both the Demographic Questionnaire
and Caldation Test have the same CODE NAME identified at the top. PLEASE
DO NOT UAKE ANY OTHER MARKS ON THE PAPERS UNTIL 1 HAVE ASKED
YOtT TO BEGIN.

PIease tum the Demographic Questionnaire and Calculation Test over face-

down on the table. 1will be coming around to collect your signed consent form.
You may keep the second copy of the consent form for yourself.
(Coilect the consent forms)

Now,I would like to review the instructions for completing the
Demographic and Academic Status Questionnaire. You may need to get out your
high school and university transcripts at this point.
(Allowa few minutes for students to get ready)
Does everyone have a p e n d and eraser? Please raise your hand if you do

not.

(Hand out pends and erasers to those who do not have hem)
Alright, the completion of this first measure is self-explanatory. You rnay
tuni over the Questionnaire now. Once 1finish explaining the instructions, you
may begin to complete the Demographic Questionnaire. Please do not separate the
pages. Keep them attached together. If you have any questions about how to
record your anmer at any time, please raise your hand and I will corne by and
assist you. This Questionnaire should take about 15 minutes at those most. If you
need more time, it will be ailowed.
WHEN YOU ARE DONE WITH THIS FIRST PAPER,PLEASE PUT YOUR
PENCILS DOWN, TLTRN YOUR PAPER OVER, AND WAIT. PLEASE DO NOT
BEGIN THE MATHEMATICS AND DRUG CALCULATION TEST. KEEP THE
CALCULATION TEST TURNED FACE-DOWN ON THE TABLE. IT IS VERY
IMPORTANT THAT YOU FOLLOW THIS INSTRUC"rr0N. NOW, YOU MAY
BEGIN THE DEMOGRAPHIC QUESTIONNAIRE.

(Tirne started:

;Tirnefinished:

)

(Assist students as necessary in recording their grades accurately on the
Questionnaire. Use the conversion =ale consistently when changing percentages
or numerical grades to letter grades)
(Wait for approximately 10 - 12 minutes, look about the room to get a sense of how
the students are doing; and then ask..)

May 1have your attention please? Those of you who are finished the

Questionnaire, please raise your hand.
(If everyone is done, then proceed t O the next step. If there are still students who
require more time, then tell the students to continue. Remind students that are
finished to turn their papers over face-dom and to wait quietiy. Respond to
students' questions quietly if they raise their hand during this process. Continue to
repeat this process until ali students have finished the Demographic Questionnaire)

Now that everyone has completed the Demographic and Academic Status
Questionnaire, please turn over the Mathematics and Dmg Calculation Test, BUT
DO NOT BEGIN LJNTIL 1ASK YOU TO DO SO.
1will review the instructions with you now and I'll ask that you follow
dong. If you have any questions, please raise your hand.

(Read out loud the instructions for students as printed on the Mathematics and
Drug Calculation Test)
Are there any questions about these instructions?
Pause.. .answer questions)
YOU WILL BE ALLOWEZ) ONE HOUE AT THAT TIME, 1WILL GET
YOUR ATTENTION,ASK YOU TO STOP AND PUT DOWN YOUR PENCILS,
AND 1WILL COLLECT ALL THE PAPERS. YOU MAY BEGIN NOW. GOOD
LUCK!

( T h e started:

;Time finished:

)

(Allow 1hour to complete the Calculation Test. If a student asks a question about
the Caldation Test, do not give the answer or encourage the student to anmer in
any particular way. Encourage the student to consider moving to another question
and to return to the problematic question later for reconsideratim. If the student
cannot resolve their question, instntct them to do their best and teU them that you
are unabIe to give them any further information.)
(At the end of the one hour,

...)

May 1have your attention please? Please stop now and put down your
pencils. Tum your papers over face-down. 1will now corne around and collect the
papers.

(Collect the papers)
1want to thank you a l l very much for participatirtg in the study and for

taking the time to complete these instruments. This study would not have been
possible without your participation. 1hope you have found this to be a vaiuable
learning experience and 1remind you that if you have any further concerns about
your parüapation in this study that you are free to contact myseff/theinvestigator
at (204) 726-2369 or (204) 727-3251 or the Study Advisor Judith Scanlan at (204) 474

- 8175.

A copy of this study, once it is complete, will be available in the Brandon
General Hospital Library, and a summary of the report will be made available to
you if you have requested so on your consent form.

Those of you who have no questions rnay Ieave and thank you very much
for partiapating. G d - b y e and good luck in your studies. Those of you who have
questions, please stay on and 1wili help you(If students change their rnind about indicating that they would like/not like to
have th& scores retumed, or have a copy of the summary sent to thern, then locate
the appropriate papers and make the appropriate changes in their presence; ie.
record or remove the code name on the consent fom)

(Complete these changes and then say...)
Thank you again. Good-bye and good luck in your studies.

To gain an understanding of what the circumstances are like for the students
during the data coiiection session,it is important to record details about the
atmosphere during thiç t h e . Making notes about the lighting, temperature,
seating, and other environmental factors will help to identify possible sources of
influence on the students' scores. PIease make note of the time of day, day of the
week and ability of sfudents to follow directions. Record all questions asked by
students during data collection on a sheet of papa so that these may be used to
help explain the findings. Try to determine the reasons for students not being able
to complete the Demographic Questionnaire or Mathematics and Drug Caiculation
Test (not sufficient t h e , didn't understand the question, didn't know how to
complete the question).

Demogaphic and Academic Statue Questionnaire

Thank you foragreeing to participate in this study. Your answers will be kept
confidential and idenüfied only by a code name for analysis purposes. Please
m e r the following questions according to the directions provided for each item.
Feel free to approach the investigator if you have any questions.

1- Code Name:

(eg., Mother's Maiden Name)

2. What site are you attending? (Mark one).
O 1. Fort Garry Campus

U 2. St. Boniface Cenerd Hospital

Wead

3. What is your age?

4. What is your present Marital Status? (Mark one).

d 1. Legally martied (and not separated)

O 2. Married (cornmon-law)

d 3. Legally m e d and separated

O 4. Divorced

C3 5. Widowed

b 6. Never married (single)

5. What year did you graduate from Grade 1 2

Wear)

6. Where did you attend Grade 12?

CY A.1. Urban/city high sdiool d A.2 Rural/town high school
B.1. Manitoba

O 8.2. 0th- Province/Country, please

215

7. When you entered the nursing program, what type of student were you? (Mark

one).

d

1. High school graduate (no university experience)

O

2. Transfer student (previousuniversity experience)

8. When you entered the nursing program, what previous education did you

have? (Mark the one that is the m a t recent).

O 1. No post-secondary education

O 2. Licensed Practicd Nurse Certificate
d 3. Registered Psychiatrie Nurse Diploma
d 4. BachelortsDegree (Science, Arts, etc.)
d

5. Other: Please specify

9. What was your grade in your pre-admission Mathematics course? (Markone).
(Note: This question may apply only to High School Graduates).
Mathematics 30

O 1. A+

(91 - 100%) O 2. A

(80 - 90%)

d 3. B+

(75 -79%)

O 4. B

(70- 74%)

Cl

(65 -69%)

O

(60 64%)

5. C+

6.

C

-

10. What was your grade in your pre-admission English course? (Markone).

Fur High School Grrili~utes...
English 300

O 1. A+

(91 - 100%) O 2. A

(80 - 90%)

O 3. B+

(75-79%)

O 4. B

(70 - 74%)

O 5. C+

(65 -69%)

O 6. C

(60- 64%)

for Transfer S trrdents ...

11. What was your grade in your pre-admission Science cowsds)?(Mark one).

For High Schml Gradliates ...
Chemistry 300:

Physics 300:

a

O I.A+

(91-100%)

1. A+

(91-100%)

-

O 2. A

(80 90%)

O 2. A

(80 - 90%)

d 3. B+

(75 - 79%)

O 3. B+

(75 - 79%)

O 4. B

(70 - 74%)

O 4. B

(70 74%)

U 5. C+

(65 - 69%)

0 5. C+

(65 - 69%)

O 6. C

(60 - 64%)

O 6. C

(60 - 64%)

Fm Tramfim Studenfs...

Physics 100:

Chemistty 100:

0 7. At-

(9 1 - 100%)

O 8. A

0 7 . A+

(92-100%)

(80 90%)

0 8. A

(80 - 90%)

U 9. B+

(75 - 79%)

0 9. B+

(75 - 79%)

O 10.6

(70-74%)

O l0.B

(70-74%)

(65-69%)

0 11. C+

(65-69%)

(60-64%)

O 12. C

(60 - 64%)

0 il.

c+

O 12. C

-
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12. What is your cumulative Grade Point Average on your most recent university
transcript? (Mark one).
O 1. A+ (4.25-4.50)

O 2. A (3.75-4.24)

O 3. B+ (3.25-3.74)

O 4. B (2.75-3.24)

O 5. C+ (2.25-2.74)

O 6. C (2.00-2.24)

13. Please indicate below any 0th- university level mathematical-related courses

you have taken either before entering or during the nursing program (eg., Statistics,
Cakulus). If possible, identify the course narne and nurnber and name of institution

from which you took the c o m ( s ) .

*********************************
Thank you for your participation.

Appendix J
Data Dictibnary

VARIABLE
NAME

VARIABLE
LABEL

Id

Subject number of student

Site

Site of program attended

LEVEL

VALUES/
TAGS
1-33

Nominal

1= Fovt Gary Campus
2= St. Boniface Hospital

Age

Age of student

Ordinal

1-n

*W~FP

Age group of shident

Ordinal

1= 19 27 years

-

2=32-49yeairr

Marstat

Marital status

Nominal

1= Legally Married
2= Common Law

3= Separated
4= Divorced

5= Widowed
6= Never married (single)

Marsta0

Marital status group

Nominal

1= Manied
2= Not m d e d / separated

VARIABLE
NAME
Grad

VARIABLE
LABEL

LEVEL

VALUES/
TAGS

Nzimber of years since high Inferaal

schoal gradliation

Gradhs

Number of years since

Interval

1=2-5years

-

-

2= 6 10years

high school grouped

-

3= 15 30 years

Gr22a

Place of high school

Nominal

1= Urbanlcify high school

2= Ruralltoum high school
Grl2b

Place of high school

Nominal

1=Manitoba
2= Not Manitoba

Type

Type of student

Nominal

1=High school student
2= Transfer student

Preved

Previous Education

Nominal

I=No post-secondary
2= Licensed Practical Nurse

3= Reg. Psychiatrie Nurse
4= Bachelor's Degree

5= Other (please specify)

VARIABLE
NAME

Prevedu

VARIABLE
LABEL

Previous Education

VALUES/
TAGS

LEVEL

Nominal

1= None
2= Some related electives

3= Some non-reiated

electives
4= Degree

Sfats

Sfatistics Corme

Nominal

O= Did nof take sfatistics

2 = Took statistics

Calculrrs

Calcrilris Corirse

Nominal

O= Did not take calcrilus
Z= Took calciilics

Algebra

Algebva Corrrse

Nominal

O= Did not take rrlgebra
1= Took algebra

Math

Pre-entrance Mathematics Ordinal

1= A+

4= B

Grade

2= A

5= C+

3= B+

6= C

VARIABLE
LABEL

LEVEL

Pie-entrance Mathematics

Ordinal

VARIABLE
NAME

Math

TAGS

Grade (recoded)

English

Pre-entrance English

VALUES/

Ordinal

Grade

1= C

4= B+

2= C+

5= A

3= B

6= A+

High School Students:
1=A+

4=B

2= A

5= C+

3= B+

6= C

Transfer Students:

English

Pre-enbance English
Grade (collapsed & recoded)

Ordinal

7= A+

1O=B

8= A

11=C+

9= B+

12= C

1= C

4= B+

2= C+

5= A

3= B

6= A+

VARIABLE
NAME
SciChem

VARIABLE
LABEL
Pre-entrance Chemistry

LEVEL

VALUES/
TAGS

Ordinal

High School Students:

Grade

1= A+

4= B

2= A

5= C+

3= B+

6= C

Transfer Students:

7= A+

10=B

8= A

II= C+

9=

Pre-entrance Physics

Grade

Ordinal

B+

12= C

HÏgh School Students:
2= A+

4=B

2= A

5= C+

3= B+

6= C

Transfer Students:

7=A+

10=B

8=

A

Il=C+

9=

B+

12= C

VARIABLE
NAME

Science

VARIABLE

LEVEL

VALUES/
TAGS

Ordinal

1= C

4= B+

2= C+

5=

3= B

6= A+

LABEL

Pre-entranceScience

Grade (coiîapsed & recoded)

GPA

Grade Point Average

Ordinal

A

1= A+ (4.25-4.50)
2= A (3.75-4.24)

3= B+ (3.25-3.74)
4=

B (2.75-3.24)

5= C+ (2.25-2.74)

6= C (2.00-2.24)

GPA

Grade Point Average
(xecoded)

Ordind

1= C (2.00-2.24)
2= C+ (225-2.74)
3= B (2.75-3.24)
4=

B+ (3.25-3.74)

5= A (3.754241

k A+ (4.25-4.50)

VARIABLE
NAME

VARIABLE
LABEL

LEVEL

VALUES/
TAGS
-

Bmathsc

Basic Math Score

Ratio

O -20

MF

h g Score

Ratio

0-20

Totalsc

Total Score

Ratio

0-40

- -

Notes:
1. The differentiation of categories for particular variables, in their original a n d
recoded forms, were included in the Data Dictionary to clearly reflect the changes

made from how the data were collected to how the data were organized to
facilitate analysis.
2. Variables written in itaIics indicate added or new variables following feedback
fmm facuIty review during pilot study. These variables became part of the data
andysis.
3. Variables written in bold indicate those that were recoded or grouped into
response categories following a review of the data in terms of response distribution
and frequencies. Three variables (English: High school vs Transfer students;
SciChem: High school vs Transfer students; and, SciPhi: High school vs Transfer
students) were collapsed into unidimensional variables (no distinction between
high school and transfer student categories) given the incongruenciesbetween
these responses and responses to the 'Type of Student" variable. Some variables
remained essentially unchanged (bold with same variable name) except for a
reordering of values.
4. Variables written in plain text (as in this note) indicate variables originally
selected for analysis as reflected in the Research Questions.

NOTE TO USERS

Copyrighted materials in this document have not been filmed at
the request of the author. They are available for consultation in
the authots university library.
Appendix K

NOTE TO USERS

Copyrighted materials in this document have not been filmed at
the request of the author. They are available for consultation in
the author's university library.

Appendix L

Appendix M
Mathematics and Drug Calculation Test
Code Name:

(Note: Must be the same as on Questionnaire)

Instructions for Students; Please answer the following questions showing
computation of problems. Calculators may not be used. There are 40 questions.
You will be ailowed 1.5 minutes per question for a total of 1hour.

1. Write the foilowing as a decimal:

six-tenths

2. Write the following as a decimal.

five-hundredths

3. Write the foilowing in words:
4. Add:

5. Subtract:
6. Multiply:

7. Add:
8. Divide and reduce to lowest terms:

3/5 5 1/3 =

9. Which is smaliei!

1/2 or 1/3

10. Write the decimal 0.0001 as a fraction:
11.Subtract:

11.34 -9.7 =

12. Divide:

2.8 f 0.4 =

13. Write the fraction 3/4 as a decimal:
14. Complete the ratio:

3.5 : 10.5 = 2 :-

15. Com~lete
the ratio:

1/3: 1/2=4:-

Answer

w
2
16. Complete the ratio:

1.7% :3.4% = 4.3% :%

16.

17. Each 30 mi of baby formula contains 20 calories.
In a 180 ml feeding, a baby will consume
calories.

18. A senior citizen tells you that a 375 gram jar of
peanut butter costs $2.10. She wishes to compare the
cost with a larger jar so you teU her that the cost of
100 gram of peanut butter from the 375 gram jar is $

19. If 0.75 grams of a solute are dissolved in 3 litres of
ml of solution.
solution, 0.125 grams are found in

20. If a patient must take 2 penicilh tablets every 6 hours
tablets will be
for a total of 10 days, a total of
needed.

End of Section A

Total:

17.

.

1
8
.
Calculation Section b 3 )

swer

** Please indicate the appropriate unit of measure in your answer.
1. Ordered: Amoxicillin 250 mg oral. The Amoxicillin
on hand contains 1gm in each tablet. How many
tablets should the patient receive?

1.

2. Ordered: Lanoxin elixi.0.2 mg oral. The d m g on hand
is Lanoxin e W 100 mcg (u@5ml. How many ml should the

2.

patient receive?

3. Ordered: Acetaminophen 500 mg oral. The medication
is available in a liquid of 1gm/10 ml. You would
ml.
administer

3.

4. Your patient weighs 100 kg and is receiving Zofran.
This drug's recommended dosage is 0.15 mg/kg. How
much Zofran should be ordered for this patient?

5. If a physician orders 10 ml of a certain medication to be
given 3 times per day for 20 doses, you will need a total
of
ml.

5.

Answer

-4

6. Ordered: Atropine 0.4 mg. The Iabel on the bottle
reads 0.2 mg Atropine per tablet. How many tablets
should be given?

7. Ordered: 1 g m Gantrisin. The drug is available in
400 mg tablets. How many tablets should be given?

8. Ventolin syrup is available in a liquid form labelled
2 mg/5 ml. H o w much Ventolin is contained in
each ml ?

9.
9. Ordered: Ceftin 250 mg 2 times per day x 10 days. How
many doses will be taken by the patient by the end of 10 days?

10. A cortisone acetate solution contains 25.0 m g in 1.0 ml.

If 80 mg of the solution is ordered, how much should be
given?

5

11. Morphine 5 mg oral is ordered. You have on hand
Morphine 2.5 mg tablets. How many tablets wiii you
give?

Answer
11.

12. Penicillin G 400,000 U is ordered. You have on hand a
solution of Penicillin G 100,000U/5 ml. You will
administer
ml.

13. Your patient has an order for Digoxin 0.0625 mg. The
tablet container avaiiable reads Digoxin 0.125 mg per
tablet. How many tablets should your patient receive?

14. Prednisone 80 mg is ordered. You have a stock supply
of 5 mg, 10 mg,and 15 mg tablets. What combination

and number of tablets wili you give?

15. You have poured 10 ml of liquid TylenoI. The boftle
reads Tylenol250 mg/5 ml. What dose of Tylenol have
you prepared?

15.

&,ge 6

Answer

16. Ordered: Digoxin 0.225 mg orai. You have on hand
Digoxin 0.250 mg tablets. How many tablets will you

16.

give?

17. Your patient weighs 16 kg. Ventolin 0.025 mg/kg is

ordered. What dose of Ventolin will you give?

18.You are to administer Tylenol325 mg 2 tablets
3 times per day to your patient. What is the total dose yow
patient will receive in the day?

19. K-Lor 40 mEq is dissolved in 240 ml of water. If your
patient drinks only 1 / 2 of the water, he/she has

received

mEq of K-Lor.

20.A chitd is king given Tempra symp for a fever. The
syrup contains 100 mg of drug in 5 ml. In order to
administer the required dose of 125 mg, the mother will
need €0give
ml oi Tempra syrup.

End of Section 8

Total:

20.

M athematics and Dmrr Calculation Test - Answer Keg
Section A
1.

0.6

2.

0.05

3.

two and five-tenthsor

Section B

two and one-haif
4.

10,451

15 mg

5.

6,619

200 ml

6.

11,653

2 tabletç

7.

11/12

2.5 tablets

8.

1 4/5 or 1.8

OR mg

9.

1/3

20 doses

10.

1/10,000

3.2 ml

Il.

1.64

2 tablets

12.

7

20 ml

13.

0.75

0.5 tablets

14.

6

5 x 15 mg and 1 x5mg tablets

25.

6

16.

8.6%

mmg
0.5 tablet

17.

120 calories

0.4 mg

18.

$ .%

1,950 mg or 1.95 gm

19.

mml

20 mEq

20.

80

6.3 ml (6.25 ml)

Appendix N
Pilot Test Evaluation for Students

Now that you have completed the two instruments, the Demographic and
Academic Status Questionnaire and the Mathematics and Dnig Caldation Test, 1
would like you to help me evaluate these tools as well as the experience in
general. Kindly answer the following questions:
A. De-hic

and Acadmic S-

-

Ouestion-

1. Were the questions fair and appropriate?

Yes

No-

Yes

No

If no, please explah:
2. Were the questions worded clearly?

If no, please explain:
3. Did you have any difficulty completing the Questionnaire?

Yes

No

If yes, please explain:
4. Did you have enough time to complete the Q ~ e s t i o ~ a i r e ?

Yes

No

If no, please explaui:

5. Do you have any suggestions on how to make the Questionnaire better?
Yes

NO-

Yes

No-

Yes

No

If yes, please explain:

B. -tics

md D w Calcddgn Test Eval-

1. Were the questions fair and appropnate?

If no, please explain:
2. Were the questions worded clearly?

If no, please explain:

3. Did you have any difficuity completing the Calcdation Test?

No

Yes

if yes, please explain:
4. Did you have enough tirne to complete the Calculation Test?
Yes
No
If no, please explain:
5. Were the number of questions on the Calculation Test reasonable in tenns of

testing what you know about basic matltematics and oral drug calculation?

y=

-No -

üno, please explain:
6. Do you have any suggestions on how to make the CalcuIation Test better?
Yes
No___

if yes, pIease explain:

1. Were the seating and space arrangements appropriate? Yes

No -

If no, please explain.
2. Did y m find any environmental conditions distracthg nidi as lighting, room

temperature, or noise?

Yes

No

If yes, piease explain:
3. Was the time of day or day of the week appropriate for complethg these

instruments?

Yes

If no, please explain:

T h d you for your participation and assistance in this project.

No -

Appendix O

Faculty Expert Evaluation Tool
Thank you for agreeing to evaluate the ' ~ m o g r a p h i and
c Academic Status
Questionnaire"and "Mathematics and Drug Calculation Test". These instruments
are intended to m e a m the demographic and academic characteristics and basic
mathematics and oral drug cdculation skilis of second year baccalaureate nursing
students. The students who will be completing these instruments will be in their
second term and WU
have taken content related to basic mathematics and oral
drug caldations in their Nursing Skills course. Piease review each item carefully
and answer the foUowing questions:
1. Are the instructions to the students clear and easy to understand?

Demographic Questionnaire:

Yes

No -

Basic Mathematics Section:

Yes

No -

Drug CalcuIation Section:

Yes

No -

Demographic Questionnaire:

Yes

No -

Basic Mathematics Section:

Yes

NO-

Drug Calculation Section:

Yes

No -

Comments:
2. Are the questions worded clectrly?

Comments:
-

-

3. Are the questions fair for this level of shident?
Demographic Questionnaire:

Yes

No -

Basic Matheniatics Section:

Yes

No -

Drug Calculation Section:

Yes

No -

Comments:

4. 1s the t h e allotted to complete these tools, one and one half hours, reasonable?

Yes

Cornments:

5. Do the questions measure the attributes of cornmon demographic and

academic status data as well as basic mathematics ski11 and oral dmg calculation

ski11 in a valid and reasonable mamer?

Demographic Questionnaire:

Yes

No -

Basic Mathematics !Section:

Yes

No -

Dnig Caldation Section:

Yes

No -

Comments:
- -

-

-

6. 1s the number of questions on the cakulation test reasonable in terms of

adequately testing the intended attributes?
Basic Mathematics Section:

Yes

No -

Drug Calculation Section:

Yes

No -

Comments:
-

-

7. Do you have any suggestions for improvement of the instruments?

Demographic Questionnaire:

Yes

No -

Basic Mathematics Section:

Yes

No -

Dnig Calcdation Section:

Yes

No-

Comments:

Thank you very much for your assistance.

Appendix P
University of Manitoba

Faculty of Nursing
Ethical Review Cornmittee Approval Form

The University of Manitoba
FACULTY OF NURSING
ETHICAL REVIEW COMMIïTEE

APPROVAL FORM

ProposalTitle:

"A STUDY OF THE R E L A T I O N S H I P S BETWEEN STUDENT NURSE
CHARACTERISTICS AND CALCULATION A B I L I T Y . "

Name and Title of
L A U R I E A. CLARK, RN, B S c . , BScN
Master of Nursinq Graduate Student
F a c u l t y of Nursing University of Manitoba

Researcher(s):

Date of Review:

Co~nment~:

DECEMBER 0 4 , 1995.

APPROVED W l T H SUBMITTED CHANGES TO THE C H A I R .

Date: DECEMBER 12, 1995.

r
W

.

Linda I. f i k j Y i s o d , RN
Associate Rofessor
University of Manitoba Faculty of Nursing

Chairperson

Position

NOTE:
Any significant changes in the proposa1 should be reponed to the Chairperson for the

Ethicai Review Committee's consideration, in advance of implementation of such
changes.

Revised: 9î/ûS/û8/se

Appendix Q
Letter Requesting Access to Student Nurses
(J. MacKay, MN, Acting AED, BGH - Pilot Site)
(K. Neufeld, MN, Program Dwctor, St. B.)
(Dr. J. Beaton, PhD, Dean, Faculty of Nursing, U of M)

Date:

As you may h o w , 1 am a student in the Master of Nursing Program at the
University of Manitoba (U of M) and 1am writing to request access to the
students enrolled in the U of M Baccalaureate in Nursing Program (Fort Garry, St.
Boniface, BGH site), for research purposes. The purpose of my study is to
exainine the relationships between demographic factorsand admission criteria of
the undergraduate program and student nurse calculation ability. 1 hope to
futther understand the ability of the admissions process in identifying thme
students who may demonstrate difficulty in the ability to correctly calculate drug
dosages.
1would like permission to invite students who are enroiied in the second
year of the program for the academic year 1995- 1996 to participate in my (pilot
study for the purposes of testing the instruments 1plan to use in my thesis) study.

Data collected from the students will include demographic information, academic
grades achieved in the courses required for admission to the program, and
performance scores on a Mathematics and h g Calculation Test. AU data sheets
will be coded to ensure confidentiality and anonymity and no names WU be used
to identify the data. Data will be stored under lock and key in my home. Coded
data wiU be shared with my Thesis Committee and analyzed from a group
perspective. 1have attached a copy of the research proposal for your refend.
1do not anticipate extensive involvement of the Faculty of Nursing staff
other than collaboration with Course Leaders in order to plan appropriate dates
and times of the orientation/recniitment and data collection sessions. (BGH pilot
site: 1 would like permission to ask three faculty coileagues to review my
instruments as part of the piiot study). Requirements of supplies and equipment
of the Facuity of Nursing will be limited to the use of a seminar/classroom for the
orientation and data collection process.

The study is king supervised by a Thesis Committee consisting of
Professor Judith Scanlan, Faculty of Nursing, University of Manitoba; Dr. Sheila
Dresen, Faculty of Nursing, University of Manitoba; and Dr. Alexander Gregor,

Centre for Higher Education Research & Development, University of Manitoba.
(BGH pilot site: 1plan to eniist the s e ~ c e of
s a Research Assistant to conduct the
sessions for this pilot study in order to protect the identity of the students and to
avoid the element of coercion or feeling ofobligation on the part of the students
to participate as a result of my position as a Faculty Member. The Research
Assistant will be someone who does not and will not know the students in the
immediate future; perhaps someone from the Department of Nursing & Health
Studies.) The study has been approved by the Ethical Review Cornmittee of the
Faculty of Nursing, University of Manitoba. A copy of this approval is attached.
Data collection is planned to begin in February or March, 1996 and will be
completed by the end of the term. A copy of the results wiU be made available to
the Faculty of Nming upon request. Lf you require further information
regmding this study please contact me at (204) 726-2369 or (204) 727-3251.I
would be pleased to meet with you to discuss my project further if you wish.

Kindest Regards,

*

Laurie Clark, RN., BScN.

Appendix R
Letters of Permission to Proceed with Study

BRANDON GENERAL HOSPITAL
153 ?AcTavsn Avenue f a s t

BGH

Brandon. Mariroba R7A 253

-

... -

.

.

January 19, 1996
Laurie Clark
46 Wascana Drive

Brandon, MB.

R7B 3B4
Dear Ms. Clark:

Your request for approval to proceed with the implementation of ;
Research Project, "A Study of the Relationships Between Student Nurst
Characteristics and Calculation Ability", was presented to Senio~
Management at their meeting on January 8, 1996.
I am pleased toadvise you that the Research Project was approved at thir
meeting and you may proceed accordingly.

Good luck with your project
-0-4'

cc:

D.Kinley
K. Hyndman

REQUEST FOR ACCESS TO STUDENTS/FACüLTY iN THE FACULTY OF NURSING
FOR m E N T PROJECTS

Review is requested to fulfil the following course requirements: ihc5;5

AcademicRogram:

Mastevs.

1;

5 f ~ d

fiUrslnq

_
I

Faculty Advisor:

.]ud;~.h~ C

-&y

n h l C L u

-

1 understand if the data from the project are employed beyond the purpose of fulfilling a class require:

permission must be obtained h m
10)

signature oi Student:

3dq (O

ATTACH A COPY OF THE OUTLINE OF THE PROJECT, FOLLOWING THE PROVl
GUIDELINES.

Laurie Clark
46 Wascana Drive
Brandon, Manitoba
R7B 3B4

Re: Access to SBGH for Study Entitled:
A STUDY OF THE RELATIONSEUPS BETWEEN
STUDNT NURSE CHARACTERISTICS
AND CALCULATION ABILITY
Dear Laurie Clark:
1am pleased to inforni you that your research access request has been approved. You may proceed with
your study on the understanding that:
1) any signifïcant changes in your proposal will be submitted to my attention prior to implementation;
2) you review the enclosed policy on coddential information and then sign and retum the enclosed
Pledge of Confidentiaiity;
3) you Ulform us when your data collection is complete. This infornation helps us coordinate research
access requests and minhnh competing demands of research study protocols on patients and nursing
staff tirne;
4) you inforni us of the funding statw of your study.

We may cal1 you to make presentatiom to hospitd staffabout your research at our Brown Bag Research
Luncheons held monthly. Upon completion of your study, we tequest that you provide us with a brief
summary of your final report.

Thank you for selecting St. Boniface as the site for recruiting participants for your study. Please feel fi-ee
to contact me with your questions or concems. Shouid you encounter any site-related difficulties during
the course of your study, I would appreciate king notified of these.
All the best with the completion of your study.
Sincerely,

Katherine Stansfield, R.N.,M.N.
Nursing Program Development
and Evaluation Specialist
Tel. (204) 235-3480

Encl: Confidentid Policy & Pledge
-109 Tache. Winnipeg, Manitoba. Canada R2H 2A6

Tel (Z0.C) 233-8563 Fax (204) 2314640

lMAGE EVALUATION
TEST TARGET (QA-3)

.

A P P L I E D j I W G E lnc

,
,
=
=
-=

1653 East Main Street
m.
Rochester. NY 14609 USA
Phone: 7161482-0300
Fa: i l 6/288-5989

